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Abstract

Background: There is limited understating of the impact of COVID-19 on the Latinx population. We
hypothesized that Latinx patients would be more likely to be hospitalized and admitted to the ICU
than White patients.

Methods: We analyzed all patients with COVID-19 in 12 Massachusetts hospitals between February
1 and April 14, 2020. We examined the association between race, ethnicity, age,

reported comorbidities, and hospitalization and intensive care unit (ICU) admission using
multivariable regression.

Results: Of 5190 COVID-19 patients, 29% were hospitalized; 33% required ICU and 4.3% died. 46% of
patients were White, 25% Latinx, 14% African American, and 3% Asian American. Ethnicity and race
were significantly associated with hospitalization. More Latinx and African American patients in the
younger age groups were hospitalized than whites. Latinx and African Americans disproportionally
required ICU, with 39% of hospitalized Latinx patients requiring ICU compared to 33% of African
Americans, 24% of Asian Americans, and 30% of Whites (p<0.007). Within each ethnic and racial
group, age and male gender were independently predictive of hospitalization. Previously reported
pre-existing comorbidities contributed to the need for hospitalization in all racial and ethnic groups
(p<0.05). However, the observed disparities were less likely related to reported comorbidities, with
Latinx and African American patients being admitted at twice the rate of Whites, regardless of
such comorbidities.

Conclusions: Latinx and African American patients with COVID-19 have higher rates of
hospitalization and ICU admission than White patients. The etiologies of such disparities are likely
multifactorial and cannot be explained only by reported comorbidities.
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Introduction

The health, societal, and economic impacts of coronavirus disease 2019 (COVID-19) have been felt
worldwide, with nearly 12 million confirmed infections leading to more than 500,000 deaths by early
July 2020, with numbers continuing to grow."” Studies from China, Italy, Spain and the United States
have identified several factors associated with symptomatic infection and hospitalization, with or
without admission to intensive care units (ICU).* Older age has been shown to significantly increase
the risk for hospitalization and death.'®* Hypertension, heart disease, obesity, and diabetes are
231213 Most of these
published reports either describe the disease in relatively homogenous ethnic and racial

common comorbidities associated with hospitalization in COVID-19 patients.

populations,’ or they do not compare COVID-19 infected patients who did and did not require
hospitalization.’

In the United States, where a racially and ethnically diverse population has been exposed to
infection in the setting of known racial and ethnic health disparities,* several news reports have
suggested that ethnic and racial minorities, especially Latinx and non-Latin African American
individuals, may bear a higher burden of disease during the COVID-19 pandemic.”>*® These reports
also propose that such disparities are due to higher rates of pre-existing comorbidities in Latinx and
non-Latin African American patients. Other than these limited reports, the association between
ethnicity and, race, and reported pre-existing comorbidities as risk factors for hospitalization and ICU
admission in COVID-19 patients, has yet to be examined in a large, ethnically and racially diverse
population. In this paper, we hypothesized that there are ethnicity and race-related disparities in
hospitalization and ICU admission for COVID-19 patients regardless of age and reported pre-existing
comorbidities. We used medical records available from the largest not-for-profit healthcare system
in Massachusetts to examine the association between age, race and ethnicity, reported preexisting
comorbidities, and the need for hospitalization and ICU admission in a large study population of
COVID-19 positive patients.

Methods

Data Source

Mass General Brigham is a not-for-profit healthcare system affiliated with Harvard Medical School
that comprises 12 hospitals across eastern Massachusetts. These hospitals include Massachusetts
General Hospital (Boston), Brigham and Women’s Hospital (Boston), Brigham and Women’s Faulkner
Hospital (Boston), Massachusetts Eye and Ear Infirmary (Boston), Spaulding Rehabilitation Network
(Boston, Cambridge), McLean Hospital (Belmont), Cooley Dickinson Hospital (Northampton),
Martha’s Vineyard Hospital (Oak Bluffs), Nantucket Cottage Hospital (Nantucket), Newton-Wellesley
Hospital (Newton), North Shore Medical Center (Salem, Lynn, Danvers), and Wentworth-Douglass
Hospital (Dover). The system cares for about a third of patients in Massachusetts.
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Patient Consent Statement

The design of the study was approved by the Mass General Brigham Institutional Review Board (IRB)
who deemed that the study does not include factors necessitating patient consent.

Data Collection

We used data reporting functions available through the electronic health record (Epic Systems,
Verona, WI) shared by all Mass General Brigham healthcare system institutions. We collected data
on all patients 18 years or older who tested positive for COVID-19 during an inpatient, outpatient, or
emergency room visit between February 1, 2020 and April 14, 2020. We revisited the records on
April 25, 2020 to collect follow up data on mortality and other outcomes.

Patients who presented to Mass General Brigham institutions with symptoms of fever, cough, sore
throat, fatigue, muscle aches, new anosmia, who were exposed to someone who tested positive for
COVID-19, or if referred by a healthcare provider were tested per specified testing criteria/guidelines
set forth by the institution. Patients were diagnosed as infected with COVID-19 if SARS-CoV-2 RNA
was detected in upper or lower respiratory specimens by nucleic acid testing (NAT) assays
designated for emergency use authorization (EUA) by the Food and Drug administration (FDA) and in

accordance with the Centers for Disease Control and Prevention (CDC) guidelines.”®*!

Each assay
targets at least one SARS-CoV-2 gene region; positive results are reported for each assay as defined

by the manufacturer or reference laboratory.

Endpoints

Hospitalization at any time during the course of the illness and admission to an ICU at any time
during hospitalization were primary endpoints. Patients who were discharged home initially but
were admitted later were categorized as hospitalized patients. Patients hospitalized for longer than
the follow up period were censored for study outcomes.

Covariates

We extracted the following covariates from the electronic health records for all patients: age,
gender, patient-reported race (White, African American, Asian American or Pacific Islander, Other, or
Unknown), patient-reported ethnicity (Latin or non-Latin), smoking status, and the presence of
recorded metabolic diseases including obesity (as measured by body mass index [BMI]), diabetes
mellitus, and hyperlipidemia. The presence of organ-specific disease included hypertension,
coronary heart disease, congestive heart failure, chronic obstructive pulmonary disease, asthma,

020z Jequisidag L0 uo Jesn Aleiqr] ieg NY UleaH Jo 1ded NIN Ad G8/668S/107EEIO/PUO/EE0L 0 L/I0P/SIoIE-80UBAPE/PIO/W0o N0 OIWSPEIE//:SARY WO} POPEojUMOd



interstitial lung disease, cerebrovascular disease, chronic kidney disease, end stage renal disease,
malignancy including hematologic malignancy (lymphoma, leukemia), HIV, and history of organ or
bone marrow transplantation. Missing data were imputed by multiple imputation using the Amelia
package in R.* The multiple-imputation models used all baseline data. BMI and smoking status for
all patients were also imputed by multiple-imputation models using R, and 10 imputations were
carried out in total under the assumption that data were missing at random. Data for median
household income and population density were obtained from census data reported by the census
bureau for the state of MA, and were linked to patient by zip code of reported residential address.”*
Because immunocompromised patients generally demonstrate increased susceptibility to
respiratory viral infections, we analysed our study population of patients for history of solid organ
transplantation (SOT), lymphoma, leukemia or HIV to assess whether these factors were associated
with hospitalization or ICU admission.

Statistical Analysis

As appropriate, descriptive analyses of variables are presented as proportions or medians with
interquartile range (IQR) for all endpoints (not hospitalized, hospitalized, admitted to ICU).
Categorical data were compared using Chi-squared tests, while t-test was used for continuous
variables to identify univariable associations. Multivariable logistic regression models were
constructed to identify factors associated with hospitalization and ICU admission. We tested our
assumption that data were missing at random by constructing logistic regression models for
missingness using all of the variables included in multiple imputations. We further examined the
association between racial and ethnic background and hospital admission by comparing proportions
of endpoints for each 5-year age interval from 18 to 90. We also examined the association between
racial and ethnic background, pre-existing comorbidities, and hospitalization or ICU admission by
stratifying by number of baseline comorbidities (0 vs. >1) and race and ethnicity. We further
performed a sensitivity analysis with adjustment for socioeconomic status as a predictor for
hospitalization/ICU admission for patients from Massachusetts state with median household
income data available. Patients with median household income less than 20" percentile ($53,
335) were classified to have low SES as a dichotomous variable. Statistical significance was defined
as p<0.05 for all analyses, and all statistical analysis was completed using R v 3.6.1.** We graphed the
geographic representation of the confirmed COVID patients during our study using Microsoft Excel
version 16.36.
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Results
Characteristics of all Hospitalized vs. Non-Hospitalized Patients irrespective of race or ethnicity

A total of 5,190 patients were diagnosed with laboratory confirmed COVID-19 in the time frame of
the study and were included in our analysis (Figure 1). Out of the total study population, 1,489
(28.6%) were hospitalized. Overall, hospitalized patients were more likely to be male (56% vs. 42%,
p<0.001) and older (median 62 vs. 47 years, p<0.001) compared to non-hospitalized patients.
Hospitalized patients were also more likely to be obese (34% vs. 17% BMI 30-40 kg/m?, p<0.001),
with on average more cardiovascular and pulmonary risk factors, and more comorbid conditions
compared to non-hospitalized patients (Table 1). The most common comorbidities in the
hospitalized study population were hypertension (48%), hyperlipidemia (36%), diabetes (33%), and
obstructive lung disease (15%). The mortality rate was higher in hospitalized compared to non-
hospitalized patients (15% vs. 0.2%, p<0.001). Our test of the missing at random assumption
demonstrated significant predictors of missingness for all variables for which imputation was
conducted.

Distribution of Race and Ethnicity Among Hospitalized Patients

Among the total COVID-19 positive patient study population, 2,404 (46%) were White, 1,309 were
Latinx (25%), 719 were African American (14%) and 177 were Asian American (3%). Ethnicity and
race were significantly associated with the rate of hospitalization. Latinx and African American
patients were more likely to be admitted to the hospital than White patients (35.9% and 29.1%,
respectively, vs. 25.8% for White patients). Overall Latinx, African American, and Asian American
hospitalized patients were younger compared to White patients (median age 52, 60 and 61, vs. 72
respectively, p<0.001, Table 2).

Age, reported pre-existing comorbidities and hospitalization by race

Subgroup analyses of the ages between 18-85 at 5-year intervals showed that in each age group,
Latinx and African American patients were more likely to be admitted as a result of COVID-19
compared to White patients (p<0.05 for each comparison, Figure 2). For example, among those 18-
40 and 40-60 years old, Latinx and African American patients were admitted to the hospital at the
rates of (22% and 13% vs. 6%, and 46% and 38% vs. 20%, in comparison to. White patients
respectively, p<0.001 for each comparison). We observed similar, among those aged >60
(Supplementary Table 1).

With regard to reported comorbidities, hospitalized Latinx patients were more likely to be obese in
the range of 30-40 kg/m?* (41% compared to 31% among White and 33% among African American
patients, p<0.001). However, the proportions of White, Latinx and African American patients who
were in range of >40 kg/m” were similar. White patients had higher rates of reported
hyperlipidemia, hypertension, obstructive lung disease, coronary artery disease, congestive heart
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failure, chronic kidney disease and malignancy compared with other groups (p<0.05, Table 2,
Supplementary Table 2). When stratified by baseline reported comorbidities, Latinx and African
American patients were admitted at twice the rate of Whites, regardless of whether they had
reported preexisting comorbidities (p<0.001, Table 3).

Compared to non-hospitalized patients, univariable logistic regression stratified by race identified
pre-existing comorbidities including metabolic, cardiovascular, cerebrovascular, pulmonary and
kidney disease as predictors for hospitalization in all racial and ethnic groups (p<0.05,
Supplementary Table 3). After adjustment for age, gender, baseline comorbidities, and racial and
ethnic background in multivariable regression analysis, older age, male gender, diabetes (OR=1.87,
95%Cl: 1.40-2.50 for White, OR=2.66, 95%Cl: 1.70-4.14 for Latinx, OR=1.74, 95%Cl: 1.01-3.01 for
African American patients), chronic kidney disease (OR 2.61, 95%Cl: 1.78-3.83 for White patients),
interstitial lung disease (OR=9.09, 95% ClI: 1.02-81.32 for white patients) and transplantation
(OR=8.12, 95%Cl: 1.46-45.21 for African American patients) were independently associated with
hospitalization (Table 4). Most of these predictors remained significant after adjustment for
socioeconomic status (Supplementary Table 4).

Median household income and population density by patient zip code

Based on patients’ zip-code data, 43% of all the patients who tested positive lived in zip codes with
median income between $50,000-$75,000, of which 35% were hospitalized. A higher proportion of
hospitalized Latinx and African American patients lived in those zip codes (65% and 50% respectively,
compared to 38% of White patients, Figure 3a, Supplementary Table 7). Interestingly, smaller
proportions of patients living in zip codes with income <$50,000 were hospitalized (Supplementary
Table 6). In addition, residence in a zip-code with greater density of living per household was
corelated with a higher likelihood of hospitalization (Figure 3b, Supplementary Table 8). In our study
population, 44% of admitted patients were from areas residence with population density
>10,000/square mile.

Patients with a History of Solid Organ Transplant, Lymphoma and HIV

A history of solid organ transplantation was associated with a significantly increased risk for
hospitalization (p<0.001). Of the 22 transplant patients who were COVID-19 positive (12 kidney
recipients, three liver recipients, four heart recipients, two lung recipients and one heart/lung
recipient) seventeen (77%) were admitted. In contrast, HIV, lymphoma or a history of leukemia were
not associated with increased risk for hospitalization or ICU admission (Supplementary Table 9). A
possible difference between SOT patients and those with HIV or a history of lymphoma or leukemia,
is that SOT patients were universally immunosuppressed at the time of infection while the degree of
immune impairment for other groups was likely more heterogeneous.
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Distribution of Race and Ethnicity Among ICU Admitted Patients

Latinx and African American patients disproportionally required admission to the ICU compared to
White patients. Overall, 39% of hospitalized Latinx patients required admission to the ICU compared
to 33% of African American patients, 24% of Asian American patients and 30% of White patients
(p<0.007, Table 2).

The presence of reported metabolic or organ-specific comorbidities was not significantly associated
with need for ICU admission (Supplementary table 5). In multivariable regression analysis, age
greater than 60 years old (OR=2.71, 95%Cl: 1.44-5.09 for Latinx, OR=5.49, 95%Cl: 1.46-20.63 for
African American patients) and obesity with BMI >40kg/m?* (OR=3.43, 95%Cl: 1.45-7.67 for Latinx
patients), and diabetes (OR=2.78, 95%Cl: 1.08-7.11 for African American patients) were identified as
significant predictors of ICU admission (Table 5). In addition to these predictors, low median
household income was as a significant predictor for ICU admission in White patients (OR=2.50, 95%
Cl: 1.39-4.52) after adjustment for socioeconomic status (Supplementary Table 6).

Discussion

In spite of aggressive efforts by the medical and public health communities worldwide,
understanding of the overall impact of the COVID-19 pandemic remains limited. Based on data from
China, Italy, and Spain, and preliminary data from the United States, patients who are 60 years or
older are more vulnerable to COVID-19, with higher morbidity and mortality.*® Furthermore,
patients with other comorbidities, such as cardiovascular disease and hypertension, are more likely
to be hospitalized and die from the infection.”>*>** This evidence mostly derives from studies
performed in racially and ethnically homogeneous populations.>*° The impact of the disease in an
ethnically and racially diverse population has not been fully explored.

Anecdotal and news reports and a report from the UK suggest that racial and ethnic minorities may
be more likely to contract COVID-19, and more likely to suffer poor outcomes as a result of

15-19,25

infection. Price-Haywood et al. and others showed that the majority of patients hospitalized

with COVID-19 and of those who died in a Louisiana study population were African American."?®
Our firsthand clinical experience with COVID-19 patients indicate that in addition to African
American patients, a higher percentage of COVID-19 Latinx patients required hospitalization and
critical care admission. To examine this issue, we investigated the impact of COVID-19 on the patient
population covered by our group of hospitals, which serve a diverse and broad population of Eastern
Massachusetts similar to the racial and ethnic compositions of many large metropolitan areas of the

United States.”” We confirmed that age, male gender and obesity are indeed important risk factors
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for worse outcomes after COVID-19 infection, and that the presence of reported comorbid medical
conditions is an important contributing factor to hospitalization among all ethnic and racial groups.

Three additional important findings emerged from our study. First, analysis of our large study
population confirmed our firsthand clinical experience and showed indeed that Latinx and African
American patients are at higher risk of being hospitalized and admitted to ICU level of care with
COVID-19, than White patients. A second important finding is that the differences observed between
Latinx and African American vs. White patients occur at all age groups and are not only limited to the
“higher risk” older age groups identified in prior studies. A third important finding is that the
observed disparities appear to be less likely related to reported pre-existing medical comorbidities,
since Latinx and African American patients who tested positive for COVID-19 were admitted at twice
the rate of Whites, regardless of whether they had reported comorbidities or not. In addition, the
proportion of White patients who had reported comorbidities such as hyperlipidemia, hypertension,
obstructive lung disease, coronary heart disease, cerebrovascular disease was at least as great as the
proportions of Latinx and African American patients who have these comorbidities.

The underlying etiology of such disparity in hospitalization from COVID 19 between Latinx
and African American vs. White patients is likely multifactorial. First, patients from these
historically disadvantaged racial and ethnic groups may be less likely to be insured than
White patients. Immigration status could also play another role in restricting access of racial
and ethnic minority patients to health insurance coverage and increase their challenges in
finding a source of care to get tested or accessing COVID related treatments. Therefore, they
may have presented at a later, more severe phase of the disease and therefore required
hospitalization. In support of this, when we analyzed the zip-code of residence of these
patients we found a close correlation between residence in a zip code of low median income
and greater density of living in the same household with higher rate of hospitalization. In
general, lower income patients tend to defer seeking healthcare for fear of financial burden
and/or limited health care access and quality.”®

Second, it is possible that Latinx and African American patients with COVID 19 have a higher
severity of reported comorbidities. Our data do not show that such disparities in hospitalization can
be explained by the presence of reported comorbidities. However, there are limitations to our
interpretation of these data. Because our findings are based on reported data in the medical
records, they do not take into account the severity of the preexisting conditions, which is difficult to
quantify in such a large study population. It is likely that the severity of certain underlying

comorbidities is higher in ethnic and racial minorities than in White patients, perhaps due to

29,30 31-33

previously described healthcare disparities, or to issues with medication use and adherence.

Third, other issues of stress and allostatic load that could impact health, which were out of
the scope of our observational study may also be contributing factors to the observed disparities and

34,35

require further investigation. These include crowded housing conditions as we alluded above, or

the type of employment where exposure to COVID 19 could possibly be more common.

Our study has several possible limitations. First, this is a registry database study from a single
mixed health system (with primary and tertiary institution) using structured data captured in the
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electronic medical record. This study may also underrepresent COVID 19 patients who do not seek
medical attention or have whose medical data are stored at other facilities. However, the strengths
of this study include a large, diverse study population of COVID-19 positive patients from a wide
geographic region that allowed us to analyze a large number of Latinx, African American, Asian
American in addition to White patients. We were also able to collect detailed sets of variables on
each patient, including factors that predict hospitalization and ICU-level care, which allows for
multivariable adjustment. Follow up identified a number of outcome events, including deaths and
ICU-level admissions. While we acknowledge the limitations of our study, reporting data based on
societal understanding of race and ethnicity, using patient self-reported race and ethnicity, is an
important step in highlighting existing disparities in COVID-19 treatment and try to mitigate

contributing factors for the future. ***°

Our findings also could have immediate policy implications, since it would be crucial to target the
most vulnerable groups when testing or vaccination strategies are devised to limit further spread of
COVID-19 and minimize its impact. This is especially relevant with the new surge in the numbers of
COVID cases in states where Latinx patients constitute a significant portion of the population such as
Florida and Texas.
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Table and Figure Legends

Table 1. Characteristics of all COVID-19 positive patients in the Mass General Brigham healthcare
system.

Table 2. Baseline characteristics by race and ethnicity among admitted COVID-19 patients.

Table 3. Rate of hospitalization among all COVID-19 patients by baseline comorbidities and race and
ethnicity.

Table 4. Multivariable logistic regression model predicting hospital admission among patients with
CoVID-19.

Table 5. Multivariable logistic regression model predicting ICU admission among hospitalized
patients with COVID-19.

Figures:

Figure 1. Zip code distribution of laboratory confirmed COVID-19 patients at 12 hospitals comprising
the Mass General Brigham healthcare system in Massachusetts.

Figure 2. Percent of COVID-19 patients hospitalized by race and ethnicity and age.
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Figure 3a-b. Median household income and population density by patient zip code among COVID-19
patients admitted at the Mass General Brigham healthcare system in Massachusetts:

Figure shows a) household income b) population density per zip code distribution for Latinx, African
American and White patients who were admitted.

*The household income and population density reported are obtained from county-level census
data.
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Table 1. Characteristics of all COVID-19 positive patients in the Mass
General Brigham healthcare system.

All patients Hospitalized Not Hospitalized p-value
(N=5190) (N=1489) (N=3701)
Median Age (IQR, years) 52 (36-66) 62 (50-76) 47 (33-60) <0.001
Age categories <0.001
18-40 years 1617 (31%) 201 (13.5%) 1416 (38%)
41-60 years 1867 (36%) 487 (33%) 1380 (37%)
>60 years 1706 (33%) 801 (54%) 905 (25%)
Male Gender 2378 (46%) 840 (56%) 1538 (42%) <0.001
Race <0.001
White 2404 (46%) 620 (42%) 1784 (48%)
Latinx 1309 (25%) 470 (32%) 839 (23%)
African American 719 (14%) 209 (14%) 510 (14%)
Others 581 (11%) 140 (9%) 441 (12%)
Asian American 177 (3%) 50 (3.4%) 127 (3.4%)
Comorbidities
BMI* <0.001
<=30 1844 (35.5%) 823 (55%) 1020 (27.5%)
30-40 1143 (22%) 511 (34%) 632 (17%)
>40 232 (4.5%) 111 (7.5%) 122 (3%)
Smoking status** <0.001
Current 213 (4%) 64 (4.3%) 149 (4%)
Former 1090 (21%) 447 (30%) 643 (17%)
Never 3044 (59%) 801 (54%) 2243 (61%)
Diabetes mellitus 969 (19%) 497 (33%) 472 (13%) <0.001
Hyperlipidemia 1273 (25%) 534 (36%) 739 (20%) <0.001
Hypertension 1617 (31%) 712 (48%) 905 (24.5%) <0.001
Obstructive lung disease 624 (12%) 225 (15%) 399 (11%) <0.001
Interstitial lung disease 13 (0.3%) 11 (0.7%) 2 (0.05%) <0.001
Coronary artery disease 257 (5%) 145 (10%) 112 (3%) <0.001
CHF 136 (3%) 86 (6%) 50 (1.4%) <0.001
Cerebrovascular disease 141 (3%) 73 (5%) 68 (2%) <0.001
Obstructive sleep apnea 201 (4%) 81 (5.4%) 120 (3%) 0.0003
CKD 281 (5%) 184 (12%) 97 (2.6%) <0.001
Transplantation 22 (0.4%) 17 (1%) 5(0.1%) <0.001
Auto-immune diseases 158 (3%) 61 (4%) 97 (2.6%) 0.007
Malignancy 342 (7%) 115 (8%) 227 (6%) 0.04
Total comorbidities <0.001
0 2402 (46%) 434 (29%) 1968 (72%)
1-2 1668 (32%) 519 (35%) 1149 (31%)
>2 1120 (22%) 536 (36%) 584 (16%)
Death 225 (4.3%) 218 (15%) 7 (0.2%) <0.001

IQR=Interquartile range, COPD=chronic obstructive pulmonary disease, CHF=congestive heart
failure, CKD=chronic kidney disease, ESRD=End stage renal disease

*missing for 38% of population

**missing for 16% of population
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Table 2. Baseline characteristics by race and ethnicity among admitted COVID-19 patients.

Characteristics

Median age (IQR)-

years

Age category
18-40 years
41-60 years

>60 years
Male Gender

Comorbidities

Last BMI (kg/m?) *
<=30

30-40
>40

Smoking status **
Current
Former

Never

Comorbidities

Diabetes mellitus

Hyperlipidemia
Hypertension

Obstructive lung
disease

Interstitial lung
disease

Coronary artery
disease

CHF

Cerebrovascular
disease

Obstructive sleep

apnea
CKD

Transplantation
Auto-immune
diseases

White
(N=620)

72 (60-
83)

39 (6%)
124
(20%)
457
(74%)
343
(55%)

373
(60%)
193
(31%)
47 (8%)

32 (5%)
273
(44%)
280
(45%)

208
(34%)
296
(48%)
363
(59%)
124
(20%)
7 (1%)

98 (16%)

55 (9%)
42 (7%)

52 (8%)

114
(18%)
7 (1%)

36 (6%)

Latinx
(N=470)

52 (41-65)
106 (22%)
214 (46%)
150 (32%)

265 (56%)

219 (47%)
194 (41%)
37 (8%)

16 (3%)
76 (16%)

308 (66%)

151 (32%)
126 (27%)
159 (34%)
49 (10%)
3 (0.6%)
23 (5%)

10 (2%)
12 (3%)

11 (2%)
34 (7%)

8 (2%)
15 (3%)

African
American
(N=209)
60 (50-70)

28 (13%)
79 (38%)
102 (49%)

111 (53%)

115 (55%)
70 (33%)
18 (9%)

13 (6%)
57 (27%)

116 (56%)

80 (38%)
59 (28%)
115 (55%)
32 (15%)
1(0.5%)
11 (5%)

16 (8%)
12 (6%)

11 (5%)
24 (11%)

7 (3%)
8 (4%)

Asian
American
(N=50)
61 (46-73)

7 (14%)
18 (36%)
25 (50%)

31 (62%)

38 (76%)
9 (18%)
0 (0%)

1(2%)
10 (20%)

33 (66%)

18 (36%)
21 (42%)
26 (52%)
8 (16%)
0 (0%)
6 (12%)

2 (4%)
1(2%)

1(2%)
5 (10%)

0 (0%)
0 (0%)

Others
(N=140)

60 (47-75)
21 (15%)
52 (37%)
67 (48%)

90 (64%)

78 (56%)
45 (32%)
9 (6%)

2 (1%)
31 (22%)

64 (46%)

40 (28%)
32 (23%)
49 (35%)
12 (8%)
0 (0%)
7 (5%)

3 (2%)
6 (4%)

6 (4%)
7 (5%)

0 (0%)
2 (1%)

p-value

<0.0001

<0.0001

0.25

0.0002

<0.0001

0.38
<0.0001
<0.0001
<0.0001

0.56
<0.0001

<0.0001
0.02

0.0003
<0.0001

0.07
0.04
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Malignancy 77 (12%)
Total comorbidities

0 109
(18%)
1-2 224
(36%)
>2 287
(46%)
Requiring critical 184
care (30%)
Outcome
Death 140
(23%)
Discharged to 259
home (42%)
Discharged to SNF 82 (13%)
Discharged to 33 (5%)
rehab/STF
Still in hospital 106
(17%)

Length of stay, days, 8 (5-13)
median (IQR)

19 (4%)
198 (42%)
151 (32%)
121 (26%)

182 (39%)

33 (7%)
299 (64%)

19 (4%)
18 (4%)

101 (21%)

7 (4-14)

12 (6%)
55 (26%)
73 (35%)
81 (39%)

68 (33%)

27 (13%)
115 (55%)

15 (7%)
8 (4%)

44 (21%)

7 (4-13)

0 (0%)
15 (30%)
16 (32%)
19 (38%)

12 (24%)

3 (6%)
32 (64%)

2 (4%)
3 (6%)

10 (20%)

7.5 (5-12)

7 (5%)
57 (41%)
55 (39%)
28 (20%)

38 (27%)

15 (11%)
92 (66%)

8 (6%)
5(3%)

20 (14%)

7 (4-12)

<0.0001
<0.0001

0.007

<0.0001

<0.0001

<0.0001
0.69

0.19

0.57

SNF=skilled nursing facility, STF= short term facility, BMI=Body mass index

*data missing for 3% of population **data missing for 12% of population
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Table 3. Rate of hospitalization among all COVID-19 patients by baseline comorbidities
and race and ethnicity.

White Latinx African American  p-value*
(N=2404) (N=1309) (N=719)
Comorbidity Hospitalized Hospitalized Hospitalized
count per patient
0 109/939 (12%)  198/681 (29%) 55/319 (17%) <0.0001
21 511/1465 2721628 (43%) 154/400 (38%) 0.001
(35%)

*Comparing the patients hospitalized for different races
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Table 4. Multivariable logistic regression model predicting hospital admission among

patients with COVID-19.

Variables White Latinx African American
(N=2404) (N=1309) (N=719)

Age

18-40 years Reference

41-60 years 2.03 (1.37-3.01) * 2.45 (1.83-3.28) * 2.37 (1.41-4.00) *

>60 years 5.81(3.95-8.55) * 6.89 (4.51-10.52) * 6.09 (3.37-11.00) *
Gender

Female Reference

Male 1.44(1.17-1.78)* | 1.73(1.33-2.24)* | 1.77(1.20-2.60) *
Smoking status

Never Reference

Current 1.10 (0.68-1.78) 1.20 (0.66-2.19) 1.23(0.64-2.37)

Former 1.20 (0.95-1.51) 0.78 (0.54-1.12) 2.01(1.22-3.32) *
Last BMI (kg/m?)

<=30 Reference

30-40 0.85 (0.66-1.08) 1.48 (1.12-1.97) * 1.07 (0.68-1.67)

>40 1.41 (0.87-2.28) 1.51 (0.87-2.61) 2.07 (0.90-4.73)

Comorbidities

Diabetes mellitus

1.87 (1.40-2.50) *

2.66 (1.70-4.14) *

1.74 (1.01-3.01) *

Hyperlipidemia

0.93 (0.70-1.24)

0.96 (0.61-1.52)

0.63 (0.35-1.10)

Hypertension

1.01 (0.75-1.37)

1.20 (0.77-1.89)

0.73 (0.45-1.32)

Obstructive lung disease

1.30 (0.95-1.76)

1.06 (0.65-1.71)

1.01 (0.55-1.85)

Interstitial lung disease

9.09 (1.02-81.32) *

6.12 (0.56-66.47)

3.3e+6 (0.000-NA)

Coronary artery disease

1.44 (0.99-2.09)

1.16 (0.52-2.59)

0.51(0.14-1.78)

CHF

1.13 (0.69-1.84)

1.65 (0.49-5.61)

2.22 (0.69-7.20)

Cerebrovascular disease

1.22.(0.75-1.99)

0.90 (0.34-2.37)

1.10 (0.39-3.08)

Obstructive sleep apnea

1.05(0.68-1.63)

0.45 (0.18-1.10)

2.30 (0.78-6.84)

CKD

2.61(1.78-3.83) *

1.93 (0.92-4.05)

1.31(0.61-2.83)

Transplantation

0.77 (0.21-2.82)

4.07 (0.89-18.52)

8.12 (1.46-45.21) *

Auto-immune diseases

1.12 (0.70-1.80)

1.23 (0.53-2.83)

0.99 (0.31-3.22)

Malignancy 0.85 (0.60-1.21) 1.08 (0.52-2.27) 0.71(0.28-1.76)
Total comorbidities

0 Reference

1-2 1.69 (1.19-2.40) * 0.90 (0.59-1.36) 1.71(0.92-3.22)

>2 1.50 (0.81-2.78) 0.45 (0.18-1.10) 2.67 (0.87-8.23)

Significance denoted by *
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Table 5. Multivariable logistic regression model predicting ICU admission among
hospitalized patients with COVID-19.

Variables White Latinx African American
(N=620) (N=470) (N=209)

Age

18-40 years Reference

41-60 years 0.89 (0.38-2.11) 1.39 (0.81-2.37) 2.75(0.79-9.62)

>60 years 1.14 (0.50-2.59) 2.71 (1.44-5.09) * 5.49 (1.46-20.63) *
Gender

Female Reference

Male 1.27 (0.87-1.85) 1.45 (0.96-2.20) 1.96 (0.96-4.00)
Smoking status

Never Reference

Current 1.17 (0.55-2.50) 1.56 (0.63-3.89) 1.46 (0.34-6.27)

Former 1.38 (0.92-2.06) 1.07 (0.59-1.93) 1.83 (0.84-4.00)
Last BMI (kg/m?)

<=30 Reference

30-40 1.26 (0.84-1.88) 1.43 (0.93-2.21) 1.66 (0.75-3.70)

>40 1.26 (0.63-2.53) 3.34 (1.45-7.67) * 2.56 (0.65-10.18)

Comorbidities

Diabetes mellitus

1.18 (0.76-1.85

0.80 (0.42-1.51)

2.78 (1.08-7.11) *

Hyperlipidemia

0.92 (0.58-1.45

1.40(0.70-2.81)

0.95 (0.40-24)

Hypertension

0.80 (0.41-1.56)

0.34 (0.12-0.96) *

Obstructive lung disease

0.94 (0.58-1.53

0.35(0.15-0.81) *

0.72 (0.25-2.05)

Interstitial lung disease

)
)
0.78 (0.47-1.30)
)
)

1.14 (0.23-5.53

2.20(0.16-31.08)

1.47e+7 (1.04e-203 -
NA

Coronary artery disease

0.51(0.29-0.89) *

0.51(0.18-1.45)

0.65 (0.12-3.58)

CHF

1.42(0.74-2.72

0.89 (0.19-4.20)

2.01(0.53-7.93)

Cerebrovascular disease

0.64(0.30-1.37

0.36 (0.08-1.57)

0.52(0.11-2.37)

Obstructive sleep apnea

1.39 (0.73-2.66

0.14 (0.02-0.81) *

0.75 (0.14-4.06)

CKD

0.48 (0.19-1.19)

1.43 (0.48-4.31)

Transplantation

0.51 (0.05-4.75

3.30 (0.63-17.36)

3.01(0.54-16.97)

Auto-immune diseases

0.82 (0.38-1.79

1.37 (0.41-4.63)

1.92 (0.32-11.68)

)
)
)
1.06 (0.64-1.75)
)
)
)

Malignancy 0.75(0.41-1.35 1.34 (0.47-3.82) 0.82 (0.18-3.68)
Total comorbidities

0 Reference

1-2 1.22 (0.64-2.34) 0.90 (0.46-1.76) 1.33(0.43-4.08)

>2 1.83 (0.66-5.12) 1.49 (0.39-5.70) 1.12 (0.17-7.25)

Significance denoted by *
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