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Abstract

COVID‐19 has disproportionately affected low‐income communities and people of

color. Previous studies demonstrated that race/ethnicity and socioeconomic status

(SES) are not independently correlated with COVID‐19 mortality. The purpose of our

study is to determine the effect of race/ethnicity and SES on COVID‐19 30‐day

mortality in a diverse, Philadelphian population. This is a retrospective cohort study

in a single‐center tertiary care hospital in Philadelphia, PA. The study includes adult

patients hospitalized with polymerase‐chain‐reaction‐confirmed COVID‐19 be-

tween March 1, 2020 and June 6, 2020. The primary outcome was a composite of

COVID‐19 death or hospice discharge within 30 days of discharge. The secondary

outcome was intensive care unit (ICU) admission. The study included 426 pa-

tients: 16.7% died, 3.3% were discharged to hospice, and 20.0% were admitted to

the ICU. Using multivariable analysis, race/ethnicity was not associated with the

primary nor secondary outcome. In Model 4, age greater than 75 (odds ratio [OR]:

11.01; 95% confidence interval [CI]: 1.96–61.97) and renal disease (OR: 2.78; 95%

CI: 1.31–5.90) were associated with higher odds of the composite primary outcome.

Living in a “very‐low‐income area” (OR: 0.29; 95% CI: 0.12–0.71) and body mass

index (BMI) 30–35 (OR: 0.24; 95% CI: 0.08–0.69) were associated with lower odds

of the primary outcome. When controlling for demographics, SES, and comorbidities,

race/ethnicity was not independently associated with the composite primary out-

come. Very‐low SES, as extrapolated from census‐tract‐level income data, was as-

sociated with lower odds of the composite primary outcome.
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1 | INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 virus (SARS‐CoV‐

2), responsible for COVID‐19, has caused a pandemic with far‐reaching

implications worldwide. US‐based studies have demonstrated a dis-

proportionate number of infections and hospitalizations for COVID‐19 in

people of certain racial and ethnic backgrounds, such as Black and His-

panic persons, and people residing in low‐income areas or experiencing

homelessness.1–7 Additionally, worldwide studies have attempted to

identify other independent risk factors, such as comorbidities and patient

demographics, for COVID‐19 mortality and severe COVID‐19. However,

many of these studies utilized the International Statistical Classification of

Disease and Related Health Problems, 10th Revision (ICD‐10) codes,

rather than chart review to assess for comorbidities, which facilitates data

collection by integrating hospital billing data, but may not reflect the true

number of patients’ comorbidities.8 This may have led to inaccurate

proportions of covariates utilized in the studies’ multivariable analysis.8

Philadelphia, a diverse city where 44% of the population identi-

fies as Black or African American (hereafter “Black”), 34% non‐

Hispanic White (“White”), 15% Hispanic, and 8% Asian, has been

significantly affected by COVID‐19.9 Through July 28, 2021, Black

Philadelphians represented 45% of the known positive cases in which

race/ethnicity was reported (83% of cases), while White, Hispanic,

and Asian populations accounted for 34%, 14%, and 6%, respec-

tively.10,11 Hospitalization trends occurred in similar proportions.12

COVID‐19 mortality for Black, White, Hispanic, and Asian patients

was 49%, 35%, 11%, and 5% of deaths, respectively.

Philadelphia has the highest poverty rate among the top 10 largest

cities, with 23.3% of Philadelphians living below the poverty level with a

median household income of $47,474.9,13,14 In 2016, the poverty rate

among Hispanics was 37.9%, the highest among racial and ethnic groups,

followed by Blacks, which had the second‐highest poverty rate at 30.8%;

both groups are also more likely to live in areas of racially or ethnically

concentrated high‐poverty areas.14 This highlights the complex interac-

tion between race/ethnicity and poverty in Philadelphia, although it is

important to extricate, as they both have distinct implications for policy

and intervention. Furthermore, comparing case positivity rates and pov-

erty level by zip code, data suggest that poorer Philadelphians are also

disproportionately affected by COVID‐19.12,15 The extent to which SES,

which is a combined factor of income, education, and occupation, affects

mortality for hospitalized Philadelphians is not known. The objective of

this study is to assess if Black, White, Hispanic, or Asian race/ethnicity,

and/or SES are independent risk factors for mortality for patients hos-

pitalized with COVID‐19 at one Philadelphia hospital using manual chart

review rather than ICD‐10 codes.

2 | METHODS

2.1 | Study design, setting, and population

This retrospective cohort study included all adults (age ≥18 years)

admitted with COVID‐19 to Thomas Jefferson University Hospital in

Philadelphia from March 1 to June 6, 2020. COVID‐19 was defined

as a positive SARS‐CoV‐2 qualitative polymerase chain reaction. We

excluded patients who were transferred from another institution,

pregnant, or incarcerated. Outcomes of interest were determined

through chart review from the date of admission through September

1, 2020, which included a review of subsequent admissions at our

institution or admissions to hospitals in the Philadelphia area available

in the common electronic health record (EHR), Epic. The Thomas

Jefferson University Hospital institutional review board approved this

study. Patients or the public were not involved in the design, or

conduct, or reporting, or dissemination plans of our research. This

study follows the reporting guidelines outlined in Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE).16

2.2 | Data collection

Two independent reviewers extracted relevant information via

manual EHR chart review, including demographics (age, sex, race/

ethnicity, address, residence before admission [home, skilled nursing

facility, shelter/street, other]), date of admission, date of symptom

onset, comorbidities of interest, home medications of interest

(Table 1), and outcomes. Race/ethnicity was self‐identified on ad-

mission and categorized in the EHR as Asian, Black/African American

(Black), Hispanic/Latino (Hispanic), White/Caucasian (White), or un-

known/other (other). Comorbidities were included that were listed in

emergency department notes, admission notes, previous discharge

notes (if existed), and/or the problem list. Comorbidities of interest

were chosen through an April 2020 literature review of independent

risk factors for COVID‐19 mortality. Symptoms were included if re-

ported in emergency department notes or admission notes. Days

since symptom onset was calculated as an average of days reported

in the emergency department and admission notes. The primary

outcome of interest, “30‐day mortality,” was defined as a composite

of death noted in the EHR or discharge to hospice that occurred

during the index hospitalization or within 30 days of discharge. The

secondary outcome was defined as ICU admission during the index

hospitalization.

For data validation, when two reviewers disagreed, a third in-

dependent reviewer adjudicated discrepancies. For variables for

which discrete data could be exported from the EHR (e.g., BMI), data

was verified through comparison of the manual extraction to an au-

tomated export. For the purpose of comparing the manual chart re-

view to an automated ICD‐10‐based export, comorbidities for which

reliable ICD‐10 code mapping existed were exported.

2.3 | Geographic information systems analysis

Although SES is often measured as a combination of many different

elements, income data is readily available and standardizable. As a

proxy for SES, we established if patients lived in very‐low or low‐

income areas using the US Housing and Urban Development
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TABLE 1 Characteristics of 426 COVID‐19 positive patients hospitalized between March 17 and June 6, 2020

Demographic characteristics Black (N = 232) White (N = 109) Hispanic/Asian/other (N = 85)

Age, years (95% CI) 62.6 (60.5–64.7) 71.1 (67.9–74.3) 60.6 (56.5–64.8)

Age, no. (%)

<45 37 (16.0) 8 (7.3) 18 (21.2)

45–64 84 (36.2) 30 (27.5) 32 (37.7)

65–74 59 (25.4) 22 (20.2) 11 (12.9)

≥75 52 (22.4) 49 (45.0) 24 (28.2)

Sex, no. (%)

Male 128 (55.2) 59 (54.1) 54 (63.5)

Female 104 (44.8) 50 (45.9) 31 (36.5)

SES by census tract, no. (%)

>80% 38 (16.4) 58 (53.2) 33 (38.8)

>50 and ≤80% 45 (19.4) 21 (19.3) 16 (18.8)

≤50% 149 (64.2) 30 (27.5) 34 (40.0)

Unidentified 0 (0) 0 (0) 2 (2.4)

Population density by census tract, no. (%)

Low 85 (36.6) 48 (44.0) 20 (23.5)

Medium 74 (31.9) 33 (30.3) 20 (23.5)

High 71 (30.6) 28 (25.7) 41 (48.2)

Unidentified 2 (0.9) 0 (0) 4 (4.7)

Residence refore admission, no. (%)

Home 159 (68.5) 52 (47.7) 57 (67.1)

SNF 42 (18.1) 44 (40.4) 20 (23.5)

Shelter/Street 31 (13.4) 13 (11.9) 7 (8.2)

Other 0 (0) 0 (0) 1 (1.2)

Clinical characteristics

Date of admissions, no. (%)

March 17 to April 6, 2020 57 (24.6) 29 (26.6) 17 (20.0)

April 7 to April 26, 2020 79 (34.1) 39 (35.8) 21 (24.7)

April 27 to May 14, 2020 67 (28.9) 33 (30.3) 36 (42.4)

May 15 to June 6, 2020 29 (12.5) 8 (7.3) 11 (12.9)

Days since symptom onset to presentation,
no. (%)

<3 62 (26.7) 39 (35.8) 19 (22.4)

≥3 and <8 103 (44.4) 34 (31.2) 38 (44.7)

≥8 and <10 21 (9.1) 3 (2.8) 7 (8.2)

≥10 and <14 12 (5.2) 7 (6.4) 9 (10.6)

≥14 17 (7.3) 11 (10.1) 9 (10.6)

Unidentified 17 (7.3) 15 (13.8) 3 (3.5)

Body mass index, no. (%)

<30 115 (49.6) 72 (66.1) 63 (74.1)

30–35 54 (23.3) 15 (13.8) 10 (11.8)
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TABLE 1 (Continued)

Demographic characteristics Black (N = 232) White (N = 109) Hispanic/Asian/other (N = 85)

35.01–40 30 (12.9) 14 (12.8) 5 (5.9)

>40 33 (14.2) 6 (5.5) 5 (5.9)

Unidentified 0 (0) 2 (1.8) 2 (2.4)

Comorbidities, no. (%)

Asthma 44 (19.0) 16 (14.7) 9 (10.6)

Cancer (active) 15 (6.5) 7 (6.4) 6 (7.1)

Cancer history (heme) 4 (1.7) 4 (3.7) 2 (2.4)

Cancer history (solid organ) 26 (11.2) 20 (18.4) 10 (11.8)

CVD 40 (17.2) 28 (25.7) 13 (15.3)

CKD 58 (25.0) 19 (17.4) 17 (20.0)

COPD 30 (12.9) 11 (10.1) 14 (16.5)

Cirrhosis 6 (2.6) 3 (2.8) 4 (4.7)

CAD 44 (19.0) 27 (24.8) 13 (15.3)

Diabetes (Type 2) 96 (41.4) 34 (31.2) 31 (36.5)

Diabetes on insulin 33 (14.2) 18 (16.5) 13 (15.3)

ESRD 15 (6.5) 3 (2.8) 0 (0)

Heart failure 53 (22.8) 18 (16.5) 9 (10.6)

HIV 9 (3.9) 1 (0.9) 0 (0)

HTN 178 (76.7) 72 (66.1) 51 (60.0)

ILD 7 (3.0) 2 (1.8) 0 (0)

Kidney transplant 6 (2.6) 2 (1.8) 0 (0)

NAFLD 1 (0.4) 1 (0.9) 2 (2.4)

Liver transplant 0 (0) 0 (0) 1 (1.2)

Other pulmonary disease 15 (6.5) 7 (6.4) 5 (5.9)

OSA 45 (19.4) 16 (14.7) 5 (5.9)

RA 7 (3.0) 1 (0.9) 3 (3.5)

Restrictive lung disease 4 (1.7) 1 (0.9) 1 (1.2)

Current smoker 30 (12.9) 11 (10.1) 4 (4.7)

Active substance use disorder 17 (7.3) 6 (5.5) 2 (2.4)

Solid organ cancer 19 (8.2) 11 (10.1) 6 (7.1)

SLE 4 (1.7) 1 (0.9) 1 (1.2)

Home medications before
admission, no. (%)

ACEi 51 (22.0) 20 (18.4) 13 (15.3)

ARB 35 (15.1) 15 (13.8) 10 (11.8)

Biologics 8 (3.5) 6 (5.5) 4 (4.7)

NSAID 19 (8.2) 8 (7.3) 7 (8.2)

Chronic Steroids 11 (4.8) 5 (4.6) 5 (5.9)

Abbreviations: ACEi, angiotensin‐converting enzyme inhibitors; ARB, angiotensin II receptor blocker; CAD, coronary artery disease; CI, confidence
interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular disease; ESRD, end‐stage renal disease; HIV,
human immunodeficiency virus; HTN, hypertension; ILD, interstitial lung disease; NAFLD, nonalcoholic fatty liver disease; NSAID, nonsteroidal anti‐
inflammatory drug; OSA, obstructive sleep apnea; RA, rheumatoid arthritis; SES, socioeconomic status; SLE, systemic lupus erythematosus; SNF, skilled

nursing facility.
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definitions.17,18 Through PolicyMap, a data and mapping program, we

used the median income of a patient's census tract, as determined by

2010 census data, and compared it to the median income of the

Philadelphia metropolitan area (area median income, “AMI”) as a

whole, using data from 2014 to 2018 American Community Survey

(ACS).19,20 Patients living in census tracts with <50% of the AMI were

coded as very‐low‐income, <80% were coded as low‐income, and

>80% were coded as not living in a low‐income area. We also coded

patients who were homeless or lived in a shelter in the very low‐

income group, regardless of their address. We determined the pa-

tient's neighborhood population density by extrapolating from the

2010 census tract and 2014–2018 ACS data through PolicyMap.

2.4 | Statistical analysis methods

Age was grouped into four categories: <45, 45–64, 65–74, and >75

years. BMI was categorized into four subgroups: <30, 30–35,

35.01–40, >40 kg/m2. Both binning choices were made based on

common thresholds used in other studies. Date of admission was split

into four groups to capture large changes in treatment approach

during the pandemic: the beginning of the pandemic (March 17,

2020, to April 6, 2020), implementation of a standardized “smart

phrase”‐based tool to guide consistent best‐evidenced‐based

COVID‐19 care at our institution (April 7, 2020, to April 26, 2020),

de‐emphasis of hydroxychloroquine use (April 27, 2020, to May 14,

2020), and the start of remdesivir use (May 15, 2020, to June 6,

2020). Days since symptom onset was grouped into five categories:

<3, 3–<8, 8–<10, 10–<14, 14+ to capture very early viral phase, viral

phase, early inflammatory phase, inflammatory phase, and late‐stage

disease, respectively, to account for the impact of presentation tim-

ing on hospital care efficacy and outcomes. SES was split into three

categories: very‐low, low, and not‐low income. We grouped our

study population into low, medium, and high‐density population

groups based on terciles.

Demographic and clinical characteristics were reported as pro-

portions (Table 1). χ2 tests were used to analyze the relationship

between categorical variables and outcomes (primary and secondary).

Outcomes were assessed with unadjusted and adjusted logistic re-

gression models. The unadjusted regression observed individual

factors that correlated with primary and secondary outcomes without

accounting for covariates. The four adjusted regression models

sought to progressively identify individual factors that affect out-

comes while balancing for mediating variables, which would allow us

to interpret the residual effect of race/ethnicity and SES. Model 1

included demographics (age, sex, and race/ethnicity). Model 2 then

added SES factors (residency before admission, population density,

and residence in a low‐income area). Model 3 included variables in

Model 2 with the addition of predetermined comorbidities selected

through a review of prior published research. We included the top

five comorbidities that were significant in at least three studies and

had the highest effect size for risk of death: obesity, coronary artery

disease, active cancer, renal disease (chronic kidney disease or end‐

stage renal disease), and cerebrovascular disease.6,21–33 Last, Model 4

included variables in Model 3 with the addition of any significant

associations (p < 0.05) determined in the bivariate analysis. For our

secondary outcome, admission to ICU, we used the same models for

Models 1, 2, and 3 and the same methods for Model 4 to determine

independent variables associated with odds of ICU admission. There

were a limited number of missing variables, so a complete case

analysis was done. All statistical analyses were performed using

STATA statistical software 14.2.

3 | RESULTS

A total of 426 patients were admitted for COVID‐19 from March 17

to June 6, 2020, at Thomas Jefferson University Hospital (Philadel-

phia, PA), an academic tertiary care center. Primary and secondary

outcomes, subcategorized by demographic and clinical character-

istics, are presented in Table 2 and Table S1, respectively. For all

patients admitted to the hospital with COVID‐19, 16.7% (n = 71)

died, 3.3% (n = 14) were discharged to hospice, and 20% (n = 85) were

admitted to the ICU. Of the 83 patients who died or were discharged

to hospice, 45.8% (n = 38) were Black, 36.1% (n = 30) were White,

4.8% (n = 4) were Hispanic, 9.6% (n = 8) were Asian, and 3.6% (n = 3)

were other, which was statistically significant in the unadjusted

analysis (p = 0.029).

Table 3 displays the bivariate and multivariable analyses for

the variables of interest to assess for association with the 30‐day

mortality or discharge to hospice. For the bivariate analysis, age

65–74 and ≥75 had increased ORs (Table 3). This association

persisted for age ≥75 in Models 1–4 when progressively adjusting

for additional factors, with an OR of 11.01 (95% CI: 1.96–61.97)

versus age <45 in Model 4. Risk factors of coronary artery disease,

renal disease, cerebrovascular disease, chronic obstructive pul-

monary disease, and heart failure were associated with increased

OR, and active smoking was associated with a decreased OR with

bivariate analysis, but only renal disease was significant in Model 4

with an OR of 2.78 (95% CI: 1.31–5.90). BMI 30–35 had decreased

odds with OR in Model 4 of 0.24 (95% CI: 0.08–0.69) versus

BMI < 30. In Model 4, there was no significant difference in mor-

tality comparing the four different admission time frames nor

presentation timing.

Although Black and Hispanic race/ethnicity were both associated

with decreased odds of the death or discharge to hospice in bivariate

analysis, in all adjusted models, there was no association. The effect

noted in the bivariate analysis was attenuated in Model 1 when

controlling for age and sex as well as in Model 2 when accounting for

SES features. Living in very‐low‐income areas and residences before

admission at a shelter or street were both associated with decreased

OR of the primary outcome in bivariate analysis. This effect was

attenuated in Model 2 when accounting for age, sex, and other SES

variables. In Models 3 and 4, however, for patients living in very‐low‐

income areas, the effect returned with an OR of 0.29 (95% CI:

0.12–0.71) in Model 4.
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TABLE 2 Demographic and clinical characteristics of 30‐day mortality or discharge to hospice in COVID‐19 patients

Demographic characteristics Alive (N = 343) 30‐day death or Hospice discharge (N = 83) p value*

Age, no. (%) <0.0001

<45 61 (96.8) 2 (3.2)

45–64 134 (91.8) 12 (8.2)

65–74 78 (84.8) 14 (15.2)

≥75 70 (56.0) 55 (44.0)

Sex, no. (%) 0.466

Male 197 (81.7) 44 (18.3)

Female 146 (78.9) 39 (21.1)

Race/ethnicity, no. (%) 0.029

Black 194 (83.6) 38 (16.4)

White 79 (72.5) 30 (27.5)

Hispanics 41 (91.1) 4 (8.9)

Asian 21 (72.4) 8 (27.6)

Other 8 (72.7) 3 (27.3)

SES by census tract, no. (%) 0.001

>80% 90 (69.8) 39 (30.2)

>50 and ≤80% 66 (80.5) 16 (19.5)

≤50% 185 (86.9) 28 (13.2)

Population density by census tract, no. (%) 0.633

Low 121 (79.1) 32 (20.9)

Medium 100 (78.7) 27 (21.3)

High 116 (82.9) 24 (17.1)

Residence before admission, no. (%) <0.0001

Home 224 (83.6) 44 (16.4)

SNF 68 (64.2) 38 (35.9)

Shelter/street 50 (98.0) 1 (2.0)

Other 1 (100.0) 0 (0)

Clinical characteristics

Date of admissions, no. (%) 0.469

March 17 to April 6, 2020 78 (75.7) 25 (24.3)

April 7 to April 26, 2020 112 (80.6) 27 (19.4)

April 27 to May 14, 2020 112 (82.4) 24 (17.7)

May 15 to June 6, 2020 41 (85.4) 7 (14.6)

Days since symptom onset to presentation, no. (%) 0.008

<3 85 (70.8) 35 (29.2)

≥3 and <8 147 (84.0) 28 (16.0)

≥8 and <10 28 (90.3) 3 (9.7)

≥10 and <14 25 (89.3) 3 (10.7)

≥14 33 (89.2) 4 (10.8)

Body mass index, no. (%) 0.055

<30 191 (76.4) 59 (23.6)

(Continues)
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TABLE 2 (Continued)

Demographic characteristics Alive (N = 343) 30‐day death or Hospice discharge (N = 83) p value*

30–35 70 (88.6) 9 (11.4)

35.01–40 43 (87.8) 6 (12.2)

>40 35 (79.6) 9 (20.5)

Comorbidities, no. (%)

Asthma 59 (85.5) 10 (14.5) 0.253

Cancer (active) 20 (71.4) 8 (28.6) 0.209

Cancer history (heme) 8 (80.0) 2 (20.0) 0.967

Cancer history (solid organ) 41 (73.2) 15 (26.8) 0.139

CVD 56 (69.1) 25 (30.9) 0.004

CKD 56 (59.6) 38 (40.4) <0.0001

COPD 34 (61.8) 21 (38.2) <0.0001

Cirrhosis 9 (69.2) 4 (30.8) 0.297

CAD 58 (69.1) 26 (30.9) 0.003

Diabetes (Type 2) 123 (76.4) 38 (23.6) 0.094

Diabetes on insulin 48 (75.0) 16 (25.0) 0.227

ESRD 10 (55.6) 8 (44.4) 0.006

Heart failure 51 (63.8) 29 (36.2) <0.0001

HIV 9 (90.0) 1 (10.0) 0.444

HTN 235 (78.1) 66 (21.9) 0.048

ILD 7 (77.8) 2 (22.2) 0.834

Kidney transplant 6 (75.0) 2 (25.0) 0.691

NAFLD 3 (75.0) 1 (25.0) 0.780

Liver transplant 1 (100.0) 0 (0) 0.622

Other pulmonary disease 23 (85.2) 4 (14.8) 0.527

OSA 53 (80.3) 13 (19.7) 0.962

RA 10 (90.9) 1 (9.1) 0.378

Restrictive lung disease 4 (66.7) 2 (33.3) 0.388

Current smoker 43 (95.6) 2 (4.44) 0.007

Active substance use disorder 23 (92.0) 2 (8.0) 0.135

Solid organ cancer 27 (75.0) 9 (25.0) 0.382

SLE 4 (66.7) 2 (33.3) 0.388

Home medications Before admission, no. (%)

ACEi 67 (79.8) 17 (20.2) 0.846

ARB 47 (78.3) 13 (21.7) 0.645

Biologics 14 (77.8) 4 (22.2) 0.764

NSAID 33 (97.1) 1 (2.9) 0.011

Chronic steroids 18 (85.7) 3 (14.3) 0.534

Note: Bold text indicates significant difference with a p < 0.05.

Abbreviations: ACEi, angiotensin‐converting enzyme inhibitors; ARB, angiotensin II receptor blocker; CAD, coronary artery disease; CKD, chronic kidney
disease; COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular disease; ESRD, end‐stage renal disease; HIV, human immunodeficiency
virus; HTN, hypertension; ILD, interstitial lung disease; NAFLD, nonalcoholic fatty liver disease; NSAID, nonsteroidal anti‐inflammatory drug; OSA,
obstructive sleep apnea; RA, rheumatoid arthritis; SES, socioeconomic status; SLE, systemic lupus erythematosus; SNF, skilled nursing facility.

*p value: Pearson's design‐based χ2 test.
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TABLE 3 Odds ratio of 30‐day mortality or discharge to hospice in COVID‐19 patients

Unadjusteda Model 1b Model 2c Model 3d Model 4e

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Demographic characteristics

Age

<45 1 1 1 1 1

45–64 2.73 (0.59–12.58) 2.74 (0.59–12.73) 2.33 (0.49–11.07) 1.78 (0.34–9.36) 1.61 (0.30–8.56)

65–74 5.47 (1.20–25.00)* 5.49 (1.18–25.51)* 3.91 (0.82–18.61) 2.77 (0.49–15.68) 2.46 (0.43–14.01)

≥75 23.96 (5.61–102.37)*** 23.56 (5.38–103.11)*** 15.81 (3.51–71.23)** 12.03 (2.16–67.03)** 11.01 (1.96–61.97)**

Female sex 1.20 (0.74–1.94) 0.92 (0.54–1.58) 0.80 (0.46–1.39) 0.77 (0.40–1.48) 0.77 (0.40–1.49)

Ethnicity/race

Black 1 1 1 1 1

White 1.94 (1.12–3.35)* 1.24 (0.68–2.26) 0.91 (0.46–1.82) 1.18 (0.53–2.66) 1.21 (0.54–2.73)

Hispanic 0.50 (0.17–1.47) 0.54 (0.17–1.73) 0.50 (0.15–1.62) 0.35 (0.08–1.57) 0.35 (0.08–1.61)

Asian 1.94 (0.80–4.71) 1.29 (0.48–3.43) 1.08 (0.39–3.02) 1.02 (0.28–3.69) 1.11 (0.29–4.21)

Other 1.91 (0.49–7.55) 3.03 (0.64–14.40) 2.81 (0.53–14.95) 2.25 (0.35–14.39) 2.05 (0.30–14.02)

SES by census tract

>80% 1 1 1

>50 and ≤80% 0.56 (0.29–1.09) 0.69 (0.32–1.46) 0.41 (0.16–1.04) 0.39 (0.15–1.00)

≤50% 0.35 (0.20–0.60)*** 0.56 (0.27–1.14) 0.31 (0.13–0.75)* 0.29 (0.12–0.71)**

Population density by census

tract

Low 1 1 1 1

Medium 1.02 (0.57–1.82) 0.73 (0.37–1.46) 0.67 (0.29–1.54) 0.65 (0.28–1.50)

High 0.78 (0.43–1.41) 0.68 (0.33–1.40) 0.50 (0.21–1.19) 0.51 (0.21–1.21)

Residence before admission

Home 1 1 1 1

SNF 2.84 (1.71–4.75)*** 1.40 (0.75–2.60) 0.69 (0.30–1.60) 0.68 (0.29–1.60)

Shelter/street 0.10 (0.01–0.76)* 0.20 (0.02–1.58) 0.25 (0.03–2.19) 0.26 (0.03–2.38)

Clinical characteristics

Date of admissions

March 17 to April 6, 2020 1 1 1

April 7 to April 26, 2020 0.75 (0.41–1.39) 0.54 (0.23–1.26) 0.57 (0.24–1.35)

April 27 to May 14, 2020 0.67 (0.36–1.26) 1.39 (0.59–3.25) 1.46 (0.61–3.46)

May 15 to June 6, 2020 0.53 (0.21–1.34) 044 (0.13–1.47) 0.44 (0.13–1.47)

Days since symptom onset to

presentation

<3 1 1 1

≥3 and <8 0.46 (0.26–0.81)** 0.72 (0.34–1.51) 0.76 (0.36–1.62)

≥8 and <10 0.26 (0.07–0.91)* 0.30 (0.06–1.59) 0.28 (0.05–1.47)

≥10 and <14 0.29 (0.08–1.03) 0.46 (0.10–1.98) 0.45 (0.10–2.03)

≥14 0.29 (0.10–0.89)* 0.35 (0.09–1.37) 0.34 (0.09–1.34)

(Continues)
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For the secondary outcome, admission to the ICU, diabetes had

an OR of 3.09 (95% CI: 1.57–6.09) in Model 4. Living in a median or

high‐population‐density area (OR: 0.33, 95% CI: 0.15–0.73) (OR:

0.40, 95% CI: 0.18–0.90), respectively, and admission date of April 27

to May 14 (OR: 0.37, 95% CI: 0.15–0.87) were protective in Model 4.

Race/ethnicity and SES were not associated with the secondary

outcome in bivariate nor multivariable analysis (Table S2).

4 | DISCUSSION

In this retrospective cohort study including 426 racially and ethnically

diverse patients at a tertiary academic center in Philadelphia, we

demonstrate that race/ethnicity is not independently associated with

30‐day mortality or discharge to hospice from COVID‐19 when using

multivariable analysis controlling for age, sex, living in a low‐income

area, population density, type of residence before hospitalization, the

time frame of admission, days since symptom onset, and comorbid-

ities. From our review of the literature, this is one of a limited number

of studies thus far to assess risk factors for COVID‐19 using a more

accurate approach with manual chart review rather than ICD‐10

codes.31 Furthermore, this is one of the first studies to assess the

effects of race/ethnicity on 30‐day mortality for hospitalized patients

with COVID‐19 in the Philadelphia region.3

A major strength of this study is the use of manual chart review

to determine comorbidities, which distinguishes this study from most

others that used ICD‐10 codes in analyses of 30‐day mortality from

COVID‐19. A post hoc analysis of our data suggested that the manual

chart review was more sensitive than ICD‐10 based methods with

ICD‐10‐based data set comorbidity agreement ranging from 44%

(renal disease) to 87% (diabetes). An additional strength is the use of

census tract‐level data rather than zip code for mean area income,

our proxy for SES. This may be a better representation of SES as it is

comparatively more homogenous regarding the economic position

and living conditions, which is especially important in Philadelphia

given its unique urban geography in which very poor and affluent

census tracts are frequently adjacent. A limitation of our study is that

we did not collect patient data on other aspects of SES, such as

TABLE 3 (Continued)

Unadjusteda Model 1b Model 2c Model 3d Model 4e

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

BMI

<30 1 1 1

30–35 0.42 (0.19–0.88)* 0.24 (0.08–0.69)** 0.24 (0.08–0.69)**

35.01–40 0.45 (0.18–1.11) 0.61 (0.17–2.10) 0.63 (0.18–2.20)

>40 0.83 (0.38–1.83) 2.38 (0.76–7.46) 2.17 (0.67–6.97)

Comorbidities

CAD 2.24 (1.30–3.86)** 1.39 (0.66–2.89) 1.17 (0.53–2.58)

Active cancer 1.54 (0.78–3.04) 1.05 (0.41–2.74) 1.05 (0.41–2.71)

Renal disease (CKD, ESRD) 4.54 (2.71–7.62)*** 3.33 (1.66–6.72)** 2.78 (1.31–5.90)**

CVD 2.21 (1.28–3.83)** 1.15 (0.53–2.51) 1.14 (0.52–2.50)

COPD 3.08 (1.68–5.66)*** 1.55 (0.63–3.85)

Heart failure 3.07 (1.79–5.28)*** 1.51 (0.63–3.65)

HTN 1.78 (1.00–3.19)

Active smoker 0.17 (0.04–0.73)* 1.02 (0.19–5.49)

Note: Bold text indicates significant difference.

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CI, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease; CVD, cerebrovascular disease; ESRD, end‐stage renal disease; HTN, hypertension; OR, odds ratio; SES, socioeconomic status; SNF,
skilled nursing facility.
aUnadjusted regression without accounting for covariables.
bModel 1 adjusted with demographics (age, female sex, and ethnicity/race).
cModel 2 adjusted with demographics and SES factors (residence in a low‐income area, population density, and residency before admission).
dModel 3 adjusted with variables in Model 2 with additional predetermined comorbidities (date of admissions, days since symptoms onset to presentation,
BMI, CAD, active cancer, renal disease, CVD).
eModel 4 adjusted with variables in Model 3 with additional covariates of COPD, heart failure, and active smoker).

*p < 0.05; **p < 0.01; ***p < 0.001.
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occupation, highest education, number of household members, or

access to healthcare; these factors may elucidate further disparities in

COVID‐19 infection and mortality and should be considered in future

studies. Another limitation of our study is that deaths that occurred

outside of the hospital setting or at hospitals not participating in our

EHR sharing service, Care Everywhere, were not captured in this

study. This may lead to an underestimation of mortality that occurred

within the study period. Both a strength and a limitation of this study

is that it occurred at a single institution. This is a limitation regarding

sample size and generalizability, but this also is a strength as it al-

lowed for homogeneity of care received by our patients pertaining to

protocols for treatments, escalation of care, and timing of non-

invasive and mechanical ventilation.

To best target our efforts at reducing disparate COVID‐19 in-

fection rates in the United States, it is helpful to know where along

the disease course the disparities occur most frequently. National and

city data have repeatedly shown that Black people in the United

States have borne the largest burden of COVID‐19 cases and fatal-

ities. From the Department of Public Health data, Black citizens in

Philadelphia, like other areas of the country, have been similarly af-

fected by COVID‐19, representing 45% of positive cases and 49% of

deaths through July 28, 2021, while composing 44% of the Phila-

delphia population.12 Our findings confirm similar trends at hospital

presentation given 54% of patients were Black. Once hospitalized,

however, poor outcomes did not vary by race/ethnicity when cor-

rected for covariates; this is consistent with similar prior studies in

the United States.4,6,26,34 Our findings indicate that variation in

mortality by race/ethnicity in Philadelphians is related to factors

occurring before hospitalization that affect exposure to COVID‐19

and worse outcomes. For example, a study by Mutambudzi et al.

showed that essential workers in healthcare professionals, medical

support, social care, and transportation had the highest risk of severe

COVID‐19, which was even greater in non‐White essential work-

ers.35 Other factors that could contribute to disparities are the

number of household members, limited access to healthcare,

weathering, structural and systemic racism, and discrimination.36–38

A subsequent study could investigate the role of these and similar

upstream effects on rates of infection and hospitalization.

Although Black patients in the present study were dis-

proportionately representative of COVID‐19 hospitalizations

(p < 0.002), 16.4% of Black patients died in the hospital compared to

27.6% of Asian patients, 27.5% of White patients, and 8.9% of His-

panic patients. Black and Hispanic race/ethnicity were found to be

protective in bivariate analysis. This protective effect, however, was

no longer significant in Model 1 when controlling for age and sex or

Models 2–4 when controlling for SES and comorbidities. Our analysis

suggests this is because hospitalized Black and Hispanic patients

were younger (mean age: 62.6 and 57.1, respectively; White patients,

71.1), leading to the protective effect in bivariate analysis that was no

longer significant when controlling for age.

We were surprised to find that living in very low‐income

neighborhoods was protective for death or discharge to hospice,

but not ICU admission across Models 3 and 4. This may be an artifact

of the level of data used (census tract rather than household and/or

individual). For instance, in a preprint study, Cerami et al. demon-

strate that high household living density is associated with a higher

risk of secondary household transmission, which also occurred more

frequently in non‐White and Hispanic households than White

households.39 Alternatively, if this effect is not truly protective, it is

possible that the aspect of SES we chose for analysis (income) might

have other prehospital effects and/or hospitalization effects that

warrant further research in combination with other aspects of SES.

Our study similarly found that homelessness conferred a protective

effect for poor outcomes in the bivariate analysis (OR: 0.10, 95% CI:

0.01–0.76).

We included homelessness/shelter status to account for the

practice to admit patients experiencing homelessness to the hospital

while awaiting safe housing placement to slow the spread of

COVID‐19 in the shelter system. The apparent protective effect in

the bivariate analysis may be a result of how many of them likely did

not meet the same admission standard of patients not experiencing

homelessness. The average hospital stay for patients experiencing

homelessness was 4.6 days (range: 1–32; interquartile range: 4.0) for

51 patients, which highlights the difficulty of discharging patients to

safe housing due to resource and logistical constraints. Despite the

well‐intended nature of this intervention, admitting patients for the

sole purpose of quarantine is not an efficient use of hospital re-

sources, poses an increased risk of COVID‐19 infection for health-

care workers and fellow patients and hospital‐acquired infections for

these patients, and, during a pandemic in which acute‐care hospital

bed capacity has at times been insufficient, effectively reduces the

capacity to care for patients at higher risk for morbidity and mortality.

This highlights the need for more effective multidisciplinary emer-

gency preparedness, particularly as it pertains to sheltering vulner-

able individuals, and highlights the broader need for effective shelter

interventions during a pandemic and beyond in Philadelphia.

With respect to age and comorbidities, our study demonstrated an

OR of 11.01 (95% CI: 1.96–61.97) for the composite primary outcome for

patients age ≥75, which is similar to prior research.21,23,24,26,27,29,32,33 We

do note, however, that the 45–64 and 65–74 age groups did not show a

distinct risk as expected. Those with renal disease had an OR of 2.78

(95% CI: 1.31–5.90) for the composite primary outcome, which was si-

milarly demonstrated by Yehia et al. and Williamson et al.26,29 We note

that several comorbidities found in other studies did not have clear ef-

fects in our multivariable models including coronary artery disease, can-

cer, cerebral vascular disease, chronic obstructive pulmonary disease,

heart failure, and hypertension.21,23,24,26,27,29,32,33 Other studies have

demonstrated an increased odds of death in those with elevated BMIs,

but the present study reflects a protective effect with an OR: 0.24 (95%

CI: 0.08–0.69) in those with BMI: 30–35, and a trend toward a U‐shaped

curve (e.g., BMI: 30–40 lower risk, BMI < 30 or >40 higher risk), which

may be a product of grouping all BMIs < 30 but warrants further in-

vestigation.21,25,29 Finally, while living in a high‐density area has pre-

viously been demonstrated to increase risk of hospitalization in

COVID‐19, in the present study we did not demonstrate increase odds of

death or discharge to hospice for patients living in densely populated
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areas who were hospitalized with COVID‐19; this outcomemay also have

been an artifact of census‐level tract data as noted above.34,39

5 | CONCLUSIONS

Our study demonstrates that among patients hospitalized for

COVID‐19, after controlling for mediating variables, self‐reported

race and ethnicity were not independent predictors of mortality while

living in very‐low income neighborhoods was protective against

death or hospice discharge from COVID‐19.
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