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ABSTRACT

Objective: To estimate the risk of hospital admission and mortality from COVID-19 to patients and measure the
association of race and area-level social vulnerability with those outcomes.

Materials and Methods: Using patient records collected at a multisite hospital system from April 2020 to Octo-
ber 2020, the risk of hospital admission and the risk of mortality were estimated for patients who tested positive
for COVID-19 and were admitted to the hospital for COVID-19, respectively, using generalized estimating equa-
tions while controlling for patient race, patient area-level social vulnerability, and time course of the pandemic.
Results: Black individuals were 3.57 as likely (95% CI, 3.18-4.00) to be hospitalized than White people, and
patients living in the most disadvantaged areas were 2.61 times as likely (95% Cl, 2.26-3.02) to be hospitalized
than those living in the least disadvantaged areas. While Black patients had lower raw mortality than White
patients, mortality was similar after controlling for comorbidities and social vulnerability.

Discussion: Our findings point to potent correlates of race and socioeconomic status, including resource distri-
bution, employment, and shared living spaces, that may be associated with inequitable burden of disease
across patients of different races.

Conclusions: Public health and policy interventions should address these social factors when responding to the
next pandemic.
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Lay Summary

patients of different races.

Using records from a hospital system spanning multiple sites and 2 states, we examined patients’ risk of hospital admission
and death due to COVID-19 over the first 6 months of the pandemic. Specifically, we measured the association of race and
social vulnerability with the likelihood of admission and death. Our statistical models showed that Black patients were 3.57
times more likely than White patients to be hospitalized. We also took into account how socially vulnerable a given US Cen-
sus tract is, and when incorporating that into our models, we estimated that patients living in the most disadvantaged areas
were 2.61 times as likely to be hospitalized as those living in the least disadvantaged areas. We found no difference in mor-
tality by race when controlling for underlying conditions and social vulnerability. These findings suggest that public health
and policy interventions should address such things as resource distribution, employment, and shared living spaces, and
other social factors that may be associated with race, socioeconomic status, and the inequitable burden of disease across

INTRODUCTION

There are striking racial inequities in outcomes among COVID-19
patients in the United States. Compared to Whites, Black individuals in
the United States have had higher rates of testing positive for the virus,
higher rates of hospitalization, and worse COVID-19-related outcomes
such as intensive care unit (ICU) transfer and death.'™ In addition to
racial differences in COVID-19 outcomes, there also appear to be area-
level socioeconomic inequities; less affluent areas of the United States
are being hit much harder than more affluent areas.*®”

Area-level socioeconomic inequities are prevalent and well-
documented in the setting of other infectious diseases,® and often
contribute independently to the variability in disease outcomes in
statistical models. Yet relatively few studies to date have attempted
to assess for socioeconomic disparities in diverse populations to de-
termine how race and socioeconomic status (SES) may contribute in-
dependently to adverse outcomes among our most underserved
populations in the setting of COVID-19.

Although both minority race and lower SES appear to have an
independent effect on poorer outcomes among COVID-19 patients,’
the role of SES differences in racially diverse populations has not
been sufficiently evaluated at area-level units smaller than a ZIP
code. Socioeconomic disparities tend to be difficult to study in the
United States, as SES data are not systematically recorded in admin-
istrative databases and hospital records,” but there exist consider-
able public health implications for including SES in ongoing
surveillance of COVID-19. Doing so may ultimately enhance com-
munication and contact tracing in diverse communities, especially
when recorded at more granular levels.

To address this gap, we examined the impact of area-level social vul-
nerability and patient race on the likelihood of being admitted to the
hospital and dying in-hospital among patients with COVID-19. We de-
termined the extent to which these outcomes also varied by age, gender,
comorbidity score, and calendar time of diagnosis. We hypothesized
that area-level SES defined at the level of the US Census tract (CT)
would be associated with adverse outcomes and that model estimates
for SES would be larger in magnitude among Black patients as com-
pared to White patients. We used CT-level analysis instead of a less
granular analysis at the zip code or county level as other studies have
19 to better approximate individual-level patient experiences, which
we believed would improve our analysis over those of prior works."!

done

MATERIALS AND METHODS

Data

For this study, electronic health record (EHR) data were acquired
for all patients who had a COVID-19-related encounter with the
Washington University School of Medicine/Barnes Jewish (WUSM/

BJC) health system between 7 April 2020 and 31 October 2020.
Follow-up outcome data were included for each of these patients
through 30 November 2020. COVID-19-related encounters were
defined as the set of encounters during which a patient was diag-
nosed as having COVID-19 or was admitted to the hospital due to
COVID-19. We considered a hospitalization to be COVID-19 re-
lated if it occurred within 30 days after a positive COVID-19 test. In
total, we collected data for 12 884 patients. The data collected for
each observation included demographic information, such as age,
date of birth, gender, race, ethnicity, and street address; medical in-
formation relating to COVID-19 testing and diagnosis, hospital ad-
mission codes, ICU transfer records, ventilation status, and hospital
discharge codes. Race was categorized using self-reported race.
Patients were classified as White or Black race if the patient en-
dorsed the respective race in the absence of any other race, and they
were coded as “Other” for race otherwise. We also collected in-
hospital mortality records for patients who expired with a diagnosis
of COVID-19 in-hospital during the study period. All data were ag-
gregated to permit person-level analysis. This study was approved
by the Washington University in St. Louis Institutional Review
Board (IRB ID no.: 202003122) as exempt human subjects research
with a HIPAA Authorization waiver for protected health informa-
tion.

In addition to these data, we extracted all patient comorbidity
information from our EHR system for each patient in our study data
set. Up to 2 sets of comorbidities were used for each patient: comor-
bidities present at the time of testing positive for COVID-19, and
comorbidities present at time of hospital admission due to COVID-
19. Each of those sets of comorbidities was evaluated using data en-
tered in the EHR at the time of each of those 2 events, respectively,
plus or minus 2 days. Individual comorbidities were recorded as
ICD-10 codes and aggregated into the Agency for Healthcare Re-
search and Quality (AHRQ) Elixhauser Mortality Index as modified
by Moore et al.'>!3 The AHRQ Index is validated to predict in-
hospital death and is based on the presence of 29 conditions and
ranges from —32 (lesser disease burden) to +99 (greater disease bur-

den).

Geographic and social vulnerability data

We used ArcGIS to geocode patients’ street address of residence and
linked the Centers for Disease Control and Prevention’s (CDC) so-
cial vulnerability index (SVI)** data with patient records. Using the
sf library in R,*> we matched the coded latitude and longitude coor-
dinates to CTs, geographic data for which were acquired from the
US Census shapefile repository. We limited our geographic area of
interest to the St. Louis Metropolitan Statistical Area (MSA). The
CDC SVI data set includes a percentile ranking of social vulnerabil-
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ity for each CT in the United States, with 100% being the most vul-
nerable and 0% being the least vulnerable. The SVI comprises 4 sub-
scales (“themes”) relating to socioeconomic status; household
composition; race, ethnicity, and language; and housing and trans-
portation.'* Both the overall percentile rankings and each theme
ranking were included in our data set at the CT level.

Statistical analyses

For patients who tested positive for COVID-19, chi-square tests (for
categorical variables) and unpaired #-tests (for normally distributed
continuous variables) were used to compare patient characteristics
by race. For continuous variables that were not normally distrib-
uted, Wilcoxon’s test was used as a nonparametric alternative. To
determine if there were monotonic gradients in outcomes across cat-
egories, all categorized variables were analyzed as unordered varia-
bles. Characteristics of patients with and without missing
comorbidity were compared by unpaired #-test or chi-square test.

With the goal to estimate population-averaged (or marginal)
effects, generalized estimating equations (GEE) were used to model
the probability of COVID-19 hospital admission and the probability
of in-hospital mortality, respectively. Initially, the interaction be-
tween race and SVI was assessed to test the null hypothesis that the
association between race and the probability of each outcome was
not significantly different across levels of social vulnerability. When
the interaction was not significant (P >.05), the interaction was
dropped from the model and the focus of analyses was to determine
if race and SVI were significantly and independently associated with
the probability of each outcome after adjusting for calendar time of
diagnosis, age, gender, and AHRQ disease burden. Within the
framework of the GEE, null hypotheses were assessed with statisti-
cal contrasts that compared the probability of the outcome for each
category of the independent variable (IV) as compared to the refer-
ent category. Univariable (unadjusted) odds ratios (ORs) and their
95% confidence intervals (Cls) were computed for each independent
variable. Adjusted ORs (aORs) and corresponding 95% CIs were
reported from multivariable models, adjusted for all IVs. For each
outcome, univariable models (ie, 1 model for each IV) and a multi-
variable model (ie, 1 model with all IVs included) were reported.
Due to missing data for AHRQ disease burden, separate GEE mod-
els were performed in the subgroup of patients with comorbidity
data.

GEE models included a robust variance estimator for US CT to
account for the correlation between patients within the same CT
with the independent correlation structure, a binomial probability
distribution, and logit link function. The quasilikelihood under the
independence model criterion (QIC) statistic was used to determine
the working correlation structure. QIC and QICu were used to com-
pare models for model selection (ie, goodness-of-fit) when IVs were
included as continuous variables compared to categorized. Lack of
collinearity was confirmed where the variance inflation factor (VIF)
by linear regression was less than 2.1

Due to skewed distributions and/or poor model fit, inherently
continuous variables were categorized for GEE analyses. We a priori
defined tertile categories of SVI percentile based on SVI frequencies.
The cutpoints for the most socially advantaged, middle, and most
socially disadvantaged SVI categories were: SVI < 26.36, SVI >
26.36 to < 62.91, and SVI > 62.91, respectively. Pandemic time
course was categorized based on the date of the COVID-positive
test. A priori tertile categories for early, middle, and late were based
on the number of days between the first and last COVID-positive

dates in the data (ie, 69 days, 69 days, and 67 days, respectively),
and to avoid cutpoints that fall within the weekend due to known
deficiencies in weekend reporting. Categorization of age was deter-
mined by model fit where certain age groups functioned similarly
and combining those groups was biologically plausible. Categoriza-
tion of the AHRQ Index was guided by model fit statistics and from
visual inspection seeking values that discriminate between patients
with and without hospitalization. The AHRQ Index scores in the
least, middle, and most disease burden categories were: AHRQ < 0,
AHRQ 1-5, and AHRQ > 6, respectively.

Our data included 310 patients where a hospitalization occurred
more than 30 days following the date of the first COVID-positive
test. For analyses, these patients were recoded as not hospitalized be-
cause these hospitalizations are unlikely to be “primary COVID.”
Sensitivity analyses were performed to assess the robustness of the
modeling of hospitalization by race and SVI (for univariable and
multivariable models with the entire sample and the subsample with
comorbidity data) to including hospitalizations that occurred more
than 30 days from the first COVID-positive test.

The data analysis was generated using SAS® software, version
9.4 of the SAS System for Windows (SAS Institute Inc., Cary, NC,
USA).

RESULTS

Patient characteristics

After filtering out patients whose addresses were unable to be geo-
coded and patients whose residences were outside of the St. Louis
MSA, we retained observations for 8645 patients who tested posi-
tive for COVID-19. Of those, 529 (6.1%) were excluded because
the reported race was not Black or White, 1 (<0.1%) was excluded
for lack of gender data, and 74 (0.9%) were excluded because there
was a discrepancy between hospital admission status and hospitali-
zation outcomes such as ICU admission or in-hospital mortality.

Among 8041 persons who tested positive for COVID-19 in the
analytic sample, the average age was 48.2 +21.3 years (Table 1).
The majority of patients identified as White (55.9% vs 75.5% in the
St. Louis MSA'7), female (59.8%), and had a low comorbidity bur-
den based on the AHRQ Index (73.0%). Forty-four percent of
patients identified as Black versus 18.0% in the St. Louis MSA.'”
The most prevalent AHRQ individual comorbidity was hyperten-
sion (27.4%). Compared to White patients, Black patients were
more likely to live in the most socially disadvantaged areas (54.9%
Black; 17.2% White; P <.0001), test positive early in the pandemic
(39.3% Black; 20.7% White; P <.0001), be younger (46.0 =20.2
years Black; 50.0 =22.1 years White; P <.0001), and be female
(61.3% Black; 58.7% White; P=.019).

Fifteen percent of the analytic sample were missing data for
comorbidities at the time of testing positive for COVID-19. Com-
pared to patients with comorbidity data, patients with missing data
were more likely to be Black (50.3% vs. 43.0%, P <.0001), older
(51.5 £22.6 years vs. 47.6 £21.0 years; P <.0001), male (43.2%
vs. 39.6%; P =.02), test positive early in the pandemic (44.3% vs.
26.1%; P <.0001), live in the most socially disadvantaged areas
(36.1% vs. 33.4%; P <.0001), and less likely to be hospitalized
(27.0% vs. 43.4%; P <.0001). Among Black patients, missing co-
morbidity data was not associated with age (47.5 + 20.3 years vs.
45.7 =20.1 years; P=.05), gender (40.3% vs. 38.4%; P=.38), or
living in the most socially disadvantaged areas (51.7% vs. 55.6%,
P =.89). Black patients with missing data were more likely to test
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positive early in the pandemic (48.3% vs. 37.4%; P <.0001) and
less likely to be hospitalized (27.7% vs. 64.0%; P <.0001) com-
pared to Black patients with comorbidity data.

Likelihood of COVID-related hospital admission
Approximately 40% of patients who tested positive for COVID-19
were hospitalized (3292 of 8041; 40.9%). A greater proportion of
COVID-positive Black patients were hospitalized (2048 of 3547,
57.7%) compared to White patients (1244 of 4494; 27.7%) (Ta-
ble 2). Without adjustment for other characteristics, Black patients
were 3.6 times as likely to be hospitalized compared to White
patients (95% CI, 3.18-4.00). On average, hospitalized Black
patients (48.3 = 21.1 years) were substantially younger than hospi-
talized White patients (60.8 = 21.6 years; P <.0001). Patients living
in the most disadvantaged areas were 2.6 times as likely to be hospi-
talized compared to patients living in the most socially advantaged
areas (95% CI, 2.26-3.02, respectively). Testing positive early in the
pandemic, older age, and male gender were significantly associated
with increased likelihood of hospitalization.

After adjusting for SVI, pandemic time course, age, and gender,
Black patients remained nearly 4 times as likely to be hospitalized
compared to White patients (aOR =3.92, 95% CI, 3.43-4.49). Sim-
ilarly, in the fully adjusted model, the risk of hospitalization for
patients living in the most disadvantaged areas persisted
(aOR = 1.49, 95% CI, 1.28-1.73).

Among the subgroup of 6823 patients with comorbidity data,
Black race (aOR=4.55, 95% CI, 3.95-5.24) and living in high SVI
areas (aOR =1.47, 95% CI, 1.25-1.73) remained independently as-
sociated with increased likelihood of hospitalization after adjusting
for all measured characteristics including comorbidity disease bur-
den.

The higher likelihood of hospitalization for Black patients did
not vary across SVI levels among all COVID-positive patients (Pipger-
action = -92) or among the subgroup with comorbidity data (P =.79)
(see Supplementary Table 1 for patient characteristics stratified by
race and hospital admission status).

Sensitivity analyses to assess the robustness of the results for race
and SVI when patients whose hospitalization occurred more than 30
days of the first COVID-positive test were analyzed as not hospital-
ized versus hospitalized revealed no change in conclusions for all
race and SVI estimates (data not reported).

Likelihood of in-hospital mortality
Among the patients who had a COVID-related hospital admission
(n=3292), roughly 7% died in the hospital (n=223; 6.8%). A
smaller proportion of admitted Black patients died in the hospital
(115 of 2048; 5.6%) compared to admitted White patients (108 of
1244; 8.7%) (Table 3). Without adjustment for other characteris-
tics, the odds of dying in the hospital was 37% lower for Black
patients compared to White patients (OR=0.63, 95% CI, 0.47-
0.84). The average age for patients who died in-hospital was similar
for Black (74.1 = 14.1 years) and White patients (76.5 = 12.9 years;
P=.19). Living in a high SVI area was not significantly associated
with the risk of in-hospital mortality (OR=0.75, 95% CI, 0.52-
1.07). Testing positive early in the pandemic, older age, and male
gender were significantly associated with increased likelihood of in-
hospital mortality.

After adjusting for SVI, pandemic time course, age, and gender,
the association between Black race and risk of mortality was attenu-
ated (aOR=0.96; 95% CI, 0.68-1.34). In the fully adjusted model,

patients who were 75 years or older were more than 40 times as
likely to die compared to patients under age 50 (aOR =43.93, 95%
CL, 20.18-95.60).

Among hospitalized patients with comorbidity data (n=2982),
Black race was not independently associated with increased likeli-
hood of in-hospital mortality (aOR =0.82, 95% CI, 0.57-1.17) af-
ter adjusting for measured characteristics including comorbidity
burden. In the fully adjusted model, patients who were 75 years or
older remained nearly 40 times as likely to die compared to patients
under age 50 (aOR =37.22, 95% CI, 16.44-84.24).

The odds of in-hospital mortality for Black compared to White
patients was similar across levels of social vulnerability among all
hospitalized patients (Pigteraction = -26) and among the subgroup
with comorbidity data (P=.23) (see Supplementary Table 2 for pa-
tient characteristics stratified by race and in-hospital mortality).

DISCUSSION

In this study, we found that Black patients with COVID-19 were
markedly more likely to be admitted to the hospital, conditional on
a positive test for COVID-19, than White patients. Similarly,
patients from highly socially vulnerable neighborhoods were more
likely to be admitted than those from less vulnerable ones. However,
among hospitalized patients, mortality was similar for Black and
White patients and among those in neighborhoods with high or low
social vulnerability. There was no significant interaction between
SVI and race such that SVI portended worse prognosis in both Black
and White patients with COVID-19.

Our finding of elevated hospitalization rates in Black versus
White patients is consistent with prior results.>* The mechanisms
underlying these differences is, however, unclear. One possibility is
that, due to historic and ongoing structural and systemic racism,
poverty and other barriers to access to health are disproportionately
concentrated in Black neighborhoods. A lack of access to care may
have been associated with presenting for evaluation and testing later
in the course of disease, or only when symptoms reach crisis level,
and therefore lead to a higher likelihood of hospitalization. A robust
literature describes barriers to access for Black individuals and those
living in socioeconomically deprived areas, and those issues could
underlie the patterns we found."®'? It is also possible that COVID
manifested more severely among Black patients, such that a higher
proportion of patients were hospitalized due to the course of their
disease alone. While others have suggested that underlying condi-
tions are an important factor in elevated hospitalization rates in
Black populations,?® the fact that adjusting for comorbidities did
not eliminate this association suggests that differential disease sever-
ity based on clinical characteristics alone does not likely drive our
findings. Our findings echo those of Rentsch et al,*! who came to
similar conclusions in a substantially larger, national study at a less
granular geospatial resolution. Even when analyzed through the
more granular, CT-level lens we used and having adjusted for social
vulnerability, however, Black patients still had elevated hospitaliza-
tion rates. We suggest addressing spatial autocorrelation in future
study designs exploring this and similar questions, which, to our
knowledge, has not been taken into account in similar studies.

Another key finding of our study was that in fully adjusted mod-
els, neither race nor SVI were predictive of in-hospital mortality, al-
though advanced age (those 75 years and older) was a robust
predictor, which is again consistent with prior research.* Of note,
Black patients who were hospitalized were over 10 years younger on
average than White patients. This provides further support for the
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idea that the differential outcomes seen at the population level for
Black versus White patients and those living in more versus less vul-
nerable environments are not the result of differential biology or re-
sponse to treatment, but of differential acquisition of the disease.
This finding points to potent correlates of race and SES that
remained unmeasured in our analyses, such as racism, less access to
personal protective equipment, or shared living spaces among gener-
ations which may contribute to a higher burden of COVID-19 in
these populations. Goldman et al** note that Black workers, while
underrepresented in frontline jobs overall, are overrepresented in
frontline jobs of lower standing, which may be associated with in-
creased risk. Underlying these differences are both structural racism
and classism, which have profound implications for both individual
and public health.??

Perpetuation of systemic barriers, such as red lining, that have
limited the mobility of individuals by race, continue to concentrate
barriers to health in minoritized communities. Not surprisingly,
Black patients living in high SVI neighborhoods represent a particu-
larly vulnerable group in terms of risk of hospitalization for
COVID-19. These findings point out a dire need for targeted invest-
ment in better and more equitable public health infrastructure for
these groups to improve outcomes in future waves of COVID-19 or
for future pandemics, as well as for noncommunicable diseases. En-
suring equitable access to testing and treatment, as well as appropri-
ate workplace and other protections, should be a priority for clinical
leaders and policymakers seeking to improve equity in health out-
comes.

Limitations

Missing comorbidity data was most prominent among Black
patients, older adults, males, those diagnosed early in the pandemic
timeframe, those who live in the most socially disadvantaged areas,
and those who had less severe disease. Among Black patients, how-
ever, missing comorbidity data was not associated with age, gender,
or living in the most socially disadvantaged areas. A limitation of
these analyses is that we are not able to disentangle the reason for
missing comorbidity data from other patient characteristics. Thus,
the effect of comorbidity data as reported in our results may not be
representative of all patients testing positive for COVID-19 in our
data set.

Of note, too, is that our data did not include patient-level social
determinants of health (SDoH) information for the patients included
in this study. Because area-level SVI may not necessarily capture in-
dividual social vulnerability, there may be additional bias in the so-
cial vulnerability estimates we computed in our statistical analyses.
However, the SVI index captures CT-level housing, SES, household
composition, and minority status and language information that
may never be captured by the EHR. Especially in the absence of
patient-level SDoH data, area-level SDoH data, like the SVI, may al-
low for better analysis of how a person’s environment impacts their
health outcomes.

Data for mortality following hospital discharge were not reliably
reported in the source data for this study, and as a result, we limited
our analyses to the outcomes of admission and in-hospital mortality.
Race was self-reported or determined by visual assessment from hos-
pital staff, and consequently, the accuracy of racial assignment is
flawed. Race is an imperfect variable; however, it is the best approx-
imation present for racism in a racialized society. It will capture in
some imperfect ways the effects of racism. Future research should

aim to evaluate the risk of long-term mortality (ie, within 30 or 90
days) and other long-term outcomes by race and SES.

CONCLUSIONS

Both Black race and high SVI were independent predictors of hospi-
talization among patients diagnosed with COVID-19 during the first
6 months of the pandemic. Even when adjusting for underlying con-
ditions, area-level social vulnerability, and other demographic infor-
mation, Black race was still predictive of hospitalization. Public
health and policy interventions should address these social factors
when responding to the next pandemic.
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