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Objective: Coronavirus disease 2019 (COVID-19) has disproportionately impacted nursing homes (NHs)
with large shares of Black residents. We examined the associations between the proportion of Black
residents in NHs and COVID-19 infections and deaths, accounting for structural bias (operationalized as
county-level factors) and stratifying by urbanicity/rurality.
Design: This was a cross-sectional observational cohort study using publicly available data from the
LTCfocus, Centers for Disease Control and Prevention Long-Term Care Facility COVID-19 Module, and the
NYTimes county-level COVID-19 database. Four multivariable linear regression models omitting and
including facility characteristics, COVID-19 burden, and county-level fixed effects were estimated.
Setting and Participants: In total, 11,587 US NHs that reported data on COVID-19 to the Centers for Disease
Control and Prevention and had data in LTCfocus and NYTimes from January 20, 2020 through July
19, 2020.
Measures: Proportion of Black residents in NHs (exposure); COVID-19 infections and deaths (main
outcomes).
Results: The proportion of Black residents in NHs were as follows: none¼ 3639 (31.4%), <20% ¼ 1020
(8.8%), 20%-49.9% ¼ 1586 (13.7%), �50% ¼ 681 (5.9%), not reported ¼ 4661 (40.2%). NHs with any Black
residents showed significantly more COVID-19 infections and deaths than NHs with no Black residents.
There were 13.6 percentage points more infections and 3.5 percentage points more deaths in NHs with
�50% Black residents than in NHs with no Black residents (P < .001). Although facility characteristics
explained some of the differences found in multivariable analyses, county-level factors and rurality
explained more of the differences.
Conclusions and Implications: It is likely that attributes of place, such as resources, services, and providers,
important to equitable care and health outcomes are not readily available to counties where NHs have
greater proportions of Black residents. Structural bias may underlie these inequities. It is imperative that
support be provided to NHs that serve greater proportions of Black residents while considering the
rurality of the NH setting.
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Black older adults are the largest minority group receiving care in
nursing homes, and this population has increased dramatically over
the last 2 decades.1 This growth has enabled a more rigorous exami-
nation of the health outcomes of Black older adults living in nursing
homes and disparities in care.2 Prior to coronavirus disease 2019
(COVID-19), researchers have found that Black nursing home residents
65 years of age or older have limited access to vaccinations and higher
incidence of pressure ulcers and restraint use thanWhite residents.3e5

The proportion of Black residents in a nursing home has largely
accounted for the differences in care seen in this setting.5,6

Nursing home residents have been disproportionally suffering
from the impact of the COVID-19 pandemic,7 and leaders seek to
understand nursing home factors that increase vulnerability to
COVID-19 infections and deaths.7 Similar to other disparities
described above,5,6 the proportion of racial/ethnic minority groups
segregated within nursing homes is associated with greater COVID-19
infections and deaths.8e11 Although these findings help characterize
the scope of the pandemic’s impact on our most vulnerable popula-
tion, the National Institute on Aging Health Disparities Research
Framework suggests that geographical and political factors beyond
residential segregation, such as urbanicity/rurality and structural bias,
disproportionately influence the health of minority populations.12

Examining these issues may inform COVID-19 response efforts.
We sought to examine whether structural bias (operationalized as

county-level factors) and urbanicity/rurality explained the association
between proportions of Black residents in a nursing home and COVID-
19 infections and deaths. We define structural bias synonymously to
structural racism: “macrolevel systems, social forces, institutions,
ideologies, and processes that interact with one another to generate
and reinforce inequities among racial and ethnic groups.”13
Methods

This study linked data from 3 sources. First, the 2017 LTCfocus. This
is a publicly available dataset that characterizes all Medicare- and
Medicaid-certified nursing homes from the MinimumData Set (MDS),
the Certification and Survey Provider Enhanced Reports system,
Medicare claims, Nursing Home Compare, and other sources.14 The
year 2017 was used because it was the most recent data available.
Second, the 2020 Centers for Disease Control and Prevention’s (CDC)
National Healthcare Safety Network Long-Term Care Facility COVID-19
Module. This module includes data on nursing home resident COVID-
19 infections and deaths along with nursing home supplies and staff.15

Since early May 2020, the Centers for Medicare and Medicaid Services
(CMS) have required that all nursing homes report to the CDC COVID-
19 module every 7 days and back-report infections since January
2020.15 Third, the real-time NYTimes county-level COVID-19 in-
fections and deaths. These datawere first collected from the beginning
of January 2020 (https://github.com/nytimes/covid-19-data). We used
data that were last updated on July 31, 2020 in the CDC COVID-19
module and included nursing homes and the NYTimes data that
were reported through July 19, 2020. We excluded data that did not
pass the quality assurance checks by CMS and those that did not have
complete records in LTCfocus or the CDC COVID-19 module. Because
these data were publicly available, in aggregate, and deidentified, the
methods of this study did not warrant Institutional Review Board
approval. This report follows the STROBE reporting guidelines for
cross-sectional studies.16

Our primary outcomes were (1) number of confirmed COVID-19
infections and (2) number of confirmed or suspected COVID-19
deaths among nursing home residents. Both outcomes were re-
ported at the nursing home level as proportions of the total number of
occupied beds. In these data, confirmed resident infections were
defined as positive laboratory tests for COVID-19, regardless of
symptomology. Deaths were defined as persons with suspected or
laboratory-positive COVID-19 who died.

Our primary exposure variable was the proportion of Black resi-
dents in nursing homes. LTCfocus reports percentage of Black resi-
dents from aggregated MDS assessments. Race is selected by the MDS
coordinator using information provided by the resident or the fam-
ily.17 Similar to prior research, we categorized proportions of Black
residents in nursing homes as none, <20%, 20%e49.9%, �50%, or not
reported.3,18 We combined the 50%e79.9% group (n ¼ 558), 80%e
94.9% group (n ¼ 109), and the 95%e100% group (n ¼ 14) to provide
sufficient power. Not reported denotes nursing homes that had
missing data for their percentage of racial/ethnic minorities. Because
the most recently available LTCfocus data are from 2017, we examined
2011e2017 LTCfocus data to assess the stability of the percentages of
Black residents in nursing homes and we found they remained stable
during the period. Therefore, we used the 2017 data to characterize
the proportion of Black residents in a nursing home.

Our models included several explanatory variables, choice of
which was supported by previous research.19,20 First were the facility
characteristics. They included bed size (categorized as 0e49, 50e149,
and 150þ beds), percent of facilities that were part of a chain orga-
nization and percent of facilities that were for-profit; percent occu-
pancy; percent Medicaid residents; mean case mix index; and nurse
staffing ratios defined as hours per patient day for registered nurses
(RNs), licensed practical nurses, and aides, all of which came from the
LTCfocus database. We also included percentage of facilities reporting
staffing shortages and percentage reporting a lack of personal pro-
tection equipment supply which originated from the CDC Module.
nursing home-level staff shortages included nurse/clinician and aide
and lack of a 1-week supply of personal protection equipment
included any of the following: N95 masks, surgical masks, eye pro-
tection, gowns, gloves, and hand sanitizer.20 We categorized nursing
home location by urban/rural setting based on state and county Fed-
eral Information Processing Standard codes https://www.census.gov/
geographies/reference-files/2018/demo/popest/2018-fips.html.

Another explanatory variable was county-level COVID-19 burden.
County COVID-19 burden was measured by county-level cumulative
COVID-19 infections and deaths through July 19, 2020 from the
NYTimes dataset. The nursing home resident infections and deaths
were subtracted from county infections and deaths, respectively, to
avoid double counting. These were then presented as the infections or
deaths per 100,000 people in the county.

Lastly, we included county-level fixed effects. This allowed us to
account for unobserved fixed county-level factors that may also have
contributed to structural bias.

County COVID-19 burden (county infection and death pro-
portions), occupancy rates, percent Medicaid residents, case mix in-
dex, and nurse staffing ratios were all normalized by population
standard deviation.

Statistical Analysis

To provide a detailed characterization of potential structural biases
associated with disparities in COVID-19 infections and deaths, we
investigated the association between proportion of Black residents in
nursing homes and nursing home infections and deaths using four
linear regression models: model 1, including only proportion of Black
residents; model 2, including proportion of Black residents and
facility-level characteristics; model 3, including proportion of Black
residents, facility-level characteristics, and county COVID-19 burden;
and model 4, including proportion of Black residents, facility-level
characteristics, and county-level indicators (fixed effects). If the dis-
parities in COVID-19 infections and deaths by proportion of Black
residents were attenuated or became insignificant after including
county fixed effects, this would indicate that county-level factors are

https://github.com/nytimes/covid-19-data
https://www.census.gov/geographies/reference-files/2018/demo/popest/2018-fips.html
https://www.census.gov/geographies/reference-files/2018/demo/popest/2018-fips.html
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explaining at least some of the disparities beyond the nursing home
characteristics. Standard errors in models 2-4 were clustered at the
county level.

To explore heterogeneity in our results in respect to geographical
factors, we applied stratified analyses by urbanicity/rurality to models
1e3.

As a sensitivity analysis, we estimated a fractional response model
using logit regressions to check whether our results varied with
different estimation approaches.21,22 Statistical significance was set at
P < .05. Data were analyzed using STATA v 14 (StataCorp, College
Station TX).

Results

Descriptive Statistics

A total of 11,587 nursing homes were included in this study.
Approximately 681 (6%) of nursing homes had �50% Black residents,
whereas nearly one-third reported no Black residents (n ¼ 3639).
Nursing homes with �50% Black residents had the most COVID-19
Table 1
Characteristics of US Nursing Homes in Sample, Overall and by Proportion of Black Resid

Variables Overall Proportion of B

None

n (%) 11,587 3639 (31.40%)
Outcomes
Proportion of confirmed COVID-19 infections/
occupied beds, mean (SD)

0.11 (0.23) 0.06 (0.17)

Proportion of confirmed or suspected COVID-19
deaths/occupied beds, mean (SD)

0.03 (0.08) 0.02 (0.07)

Facility Characteristics
Bed size, %
0-49 beds 11.05% 22.62%
50-149 beds 71.38% 72.90%
150þ beds 17.56% 4.48%

Part of chain organization, % 60.07% 55.32%
For profit facility, % 68.58% 52.13%
Region, %
South 36.33% 54.84%
West 17.76% 16.68%
North 35.93% 14.87%
Midwest 9.98% 13.61%

Urban rural location, %
Urban 69.57% 49.33%
Rural 30.43% 50.67%

Percent occupancy, mean (SD) 80.80 (14.62) 79.82 (15.26)
Percent Medicaid, mean (SD) 59.55 (22.9) 52.18 (23.29)
Case mix index, mean (SD) 1.29 (0.16) 1.26 (0.12)
Staff shortages, %
Nurse or clinician 16.82% 15.50%
Aide 19.12% 17.70%

Lack of 1 wk availability of PPE, %
N95 mask 14.54% 15.53%
Surgical mask 8.61% 9.40%
Eye protection 8.08% 8.35%
Gowns 11.18% 12.31%
Gloves 4.21% 4.29%
Hand sanitizer 4.22% 3.93%

RN h per resident d, mean (SD) 0.48 (0.48) 0.54 (0.39)
LPN h per resident d, mean (SD) 0.84 (0.45) 0.74 (0.38)
Aide h per resident d, mean (SD) 2.31 (0.76) 2.42 (0.79)

County COVID-19 Burden
County infections excluding NH infections

per 100,000 population, mean (SD)
926 (769) 615 (676)

County deaths excluding NH deaths per
100,000 population, mean (SD)

26 (43) 13 (22)

LPN, licensed practical nurse; NH, nursing home; RN, registered nurse; SD, standard dev
*Not reported denotes NHs that had <4500 NH days and no race/ethnicity informatio
infections per occupied bed (0.19), compared with nursing homes with
<50% Black residents (range 0.06e0.17, P < .001). Staffing shortages
were most reported among nursing homes with �50% Black residents
with 7% greater reports among these nursing homes than nursing
homes with no Black residents for both nurses/clinicians and aides
(22.7% vs 15.5% and 24.4% vs 17.7%, respectively. P< .001). This was also
reflected in the lower RN (0.33) and aide (2.13) hours per resident day
among these nursing homes with�50% Black residents compared with
the others. Nursing homes with no Black residents were least likely to
be in urban settings and have Medicaid-funded residents (49.3% and
52.18%, respectively, P < .001). Nursing homes with any proportion of
Black residents had at least twice as many COVID-19 deaths per occu-
pied bed as nursing homes with no Black residents (0.02, P < .001). On
the other hand, nursing homeswith�50% Black residents were situated
in counties with the greatest burden of COVID-19 infections and deaths
(average ¼ 1461 and 54, respectively, per 100,000 people), whereas
nursing homes with no Black residents were situated in counties with
the lowest burden of COVID-19 infections and deaths (average ¼ 615
and 13, respectively, per 100,000 people). Additional descriptive sta-
tistics are summarized in Table 1.
ents

lack Residents

Less than 20% 20%-49.9% 50% or More Not reported* P

1020 (8.80%) 1586 (13.69%) 681 (5.88%) 4661 (40.23%)

0.17 (0.25) 0.17 (0.25) 0.19 (0.26) 0.11 (0.23) <.0001

0.05 (0.09) 0.04 (0.08) 0.05 (0.09) 0.03 (0.09) <.0001

0.00% 1.07% 2.79% 9.05% <.0001
51.52% 67.97% 66.23% 76.47%
48.48% 30.96% 30.98% 14.48%
59.06% 64.12% 63.88% 62.05% <.0001
77.18% 82.72% 85.76% 72.22% <.0001

23.02% 17.47% 25.40% 32.82% <.0001
25.56% 14.82% 12.78% 18.62%
44.17% 64.12% 59.91% 37.47%
7.25% 3.59% 1.91% 11.09%

90.78% 81.40% 85.02% 74.45% <.0001
9.22% 18.60% 14.98% 25.55%

85.06 (11.47) 82.00 (13.78) 83.00 (12.45) 79.89 (15.08) <.0001
65.36 (17.89) 70.12 (17.55) 74.39 (16.84) 58.28 (23.30) <.0001
1.32 (0.16) 1.31 (0.19) 1.31 (0.20) 1.30 (0.16) <.0001

15.48% 20.74% 22.74% 16.02% <.0001
17.04% 23.08% 24.38% 18.58% <.0001

12.05% 14.56% 12.19% 14.65% .03
7.44% 8.20% 7.20% 8.60% .15
7.25% 8.51% 7.20% 8.02% .65
9.89% 11.03% 10.13% 10.79% .10
4.02% 4.92% 5.29% 3.80% .19
4.51% 5.30% 5.58% 3.82% .03

0.41 (0.25) 0.37 (0.34) 0.33 (0.29) 0.51 (0.61) <.0001
0.85 (0.31) 0.92 (0.32) 0.93 (0.30) 0.89 (0.55) <.0001
2.22 (0.49) 2.23 (0.70) 2.13 (0.51) 2.30 (0.83) <.0001

1236 (769) 1368 (838) 1461 (641) 871 (692) <.0001

43 (59) 43 (64) 54 (65) 22 (32) <.0001

iation.
n.
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Multivariable Analyses

Table 2 presents the results of the four models estimating the as-
sociation between proportion of Black residents in nursing homes and
nursing home infections and deaths. In models 1e3, nursing homes
with any percentage of Black residents had more COVID-19 infections;
the greatest COVID-19 infection prevalence was in nursing homes
with �50% Black residents. Model 1 examines the strength of the
relationship between greater proportions of Black residents and
COVID-19 infections. This relationship attenuates modestly when
including facility-level characteristics (model 2) and county COVID-19
burden (model 3), and it attenuates almost entirely with county-level
fixed effects (model 4). For deaths, we see similar associations.
Supplementary Figure 1 shows the gradient in these changes.

When stratifying by urbanicity/rurality, we found that COVID-19
infections and deaths increased with increasing proportions of Black
residents in both settings (Table 3). This association was strongest in
nursing homes with �50% Black residents in rural settings and these
associations were stronger than those observed in the nonstratified
models. Changes across models were similar to those reported in the
nonstratified models (Supplementary Figure 2).

Findings when using the fractional response model estimating
logit regressions remained similar to those obtained when using our
main estimation approach (data not shown).

Discussion

In this national study, we sought to examine whether structural
bias (operationalized as county-level factors) and urbanicity/rurality
explained the association between proportion of Black residents in a
nursing home and nursing home COVID-19 infections and deaths
based on the National Institute on Aging Health Disparities Frame-
work. Nursing homeswith any proportion of Black residents hadmore
COVID-19 infections and deaths than nursing homes with no Black
residents. Although these disparities largely remained after including
both facility-level characteristics and county COVID-19 burden in the
models, the county in which the nursing home was located largely
explained the associations. Disparities were present in both urban and
rural settings but were larger in rural settings. We consider how
various attributes of place, compositional and contextual, likely rooted
in structural bias, might shape the care delivered by segregated
nursing homes in urban and potentially more importantly, rural
settings.23

The composition of individuals residing in the nursing homes were
found to be related to the burden of COVID-19. These individual
characteristics consisted of the percentage of Black residents in a
nursing home. We found that on average, nursing homes with the
greatest proportions of Black residents were more likely to be for-
profit, report staffing shortages, have the highest percentage of
Medicaid residents (w75%), and have the least amount of RN and aide
hours per resident day. Indeed, Medicaid-dependent nursing homes
are typically more financially restrained, compromising staffing and
quality of care10,20,24 and likely contributing to the disparities in in-
fections and deaths that we found. Conversely, nursing homes with no
Black residents had on average just 50% Medicaid residents. These
nursing homes have higher revenues, operating costs, and profit
margins along with better resident outcomes.25

In addition to the compositional effect of the individuals residing in
the nursing home, there were overwhelming contextual county ef-
fects that may underlie COVID-19 infection and death disparities in
nursing homes. Particularly, although county COVID-19 burden is
important for explaining the disparities in infections and deaths,
through the use of county-level fixed effects we found that other
unobserved county characteristics, potentially rooted in structural
bias, are more important in explaining these disparities.26 For



Table 3
Association Between Proportion of Black Residents, Facility and County-Level Characteristics and Proportions of COVID-19 Infections and COVID-19 Deaths in US Nursing
Homes Stratified by Urban and Rural Setting*

Prop. of Black Residents Model 1: Crude Model 2: Accounting for Facility
Characteristics

Model 3: Accounting for Facility
Characteristics and County COVID-19 Burden

Coef. SE CI P Coef. SE CI P Coef. SE CI P

Urban
Infections
None Reference Reference Reference
Less than 20% 0.089 0.010 0.070 0.108 <.001 0.063 0.013 0.038 0.088 <.001 0.043 0.012 0.019 0.067 <.001
20% to 49.9% 0.085 0.009 0.067 0.102 <.001 0.075 0.013 0.049 0.101 <.001 0.048 0.013 0.023 0.072 <.001
50% or more 0.105 0.012 0.082 0.127 <.001 0.098 0.015 0.069 0.127 <.001 0.064 0.016 0.033 0.095 <.001
Not reported 0.047 0.007 0.033 0.060 <.001 0.039 0.007 0.025 0.053 <.001 0.030 0.007 0.016 0.044 <.001
Constant 0.088 0.006 0.077 0.100 <.001 0.004 0.013 �0.020 0.029 .731 0.016 0.012 �0.008 0.041 .184

Deaths
None Reference Reference Reference
Less than 20% 0.022 0.004 0.015 0.029 <.001 0.018 0.005 0.009 0.027 <.001 0.011 0.004 0.002 0.020 .015
20% to 49.9% 0.017 0.003 0.011 0.024 <.001 0.022 0.005 0.013 0.031 <.001 0.012 0.005 0.003 0.021 .01
50% or more 0.022 0.004 0.014 0.031 <.001 0.028 0.006 0.017 0.039 <.001 0.015 0.006 0.004 0.027 .008
Not reported 0.012 0.003 0.006 0.017 <.001 0.013 0.003 0.008 0.018 <.001 0.010 0.003 0.004 0.015 <.001
Constant 0.029 0.002 0.024 0.033 <.001 0.006 0.005 �0.003 0.015 .214 0.010 0.005 0.001 0.019 .031

Prop. of Black Residents Model 1: Crude Model 2: Accounting for Facility
Characteristics

Model 3: Accounting for Facility
Characteristics and County COVID-19 Burden

Coef. SE CI P Coef. SE CI P Coef. SE CI P

Rural
Infections
None Reference Reference Reference
Less than 20% 0.053 0.018 0.018 0.088 .003 0.038 0.024 �0.009 0.086 .113 0.022 0.023 �0.023 0.068 .336
20% to 49.9% 0.107 0.011 0.086 0.128 <.001 0.087 0.018 0.052 0.121 <.001 0.048 0.018 0.012 0.083 .009
50% or more 0.171 0.017 0.138 0.205 <.001 0.152 0.034 0.085 0.219 <.001 0.091 0.033 0.026 0.156 .006
Not reported 0.025 0.006 0.013 0.037 <.001 0.016 0.007 0.002 0.030 .025 0.010 0.007 �0.004 0.023 .154
Constant 0.029 0.004 0.022 0.037 <.001 0.019 0.008 0.004 0.034 .015 0.051 0.009 0.033 0.070 <.001

Deaths
None Reference Reference Reference
Less than 20% 0.007 0.006 �0.006 0.020 .271 0.004 0.005 �0.005 0.013 .334 �0.001 0.005 �0.010 0.008 .861
20% to 49.9% 0.022 0.004 0.015 0.030 <.001 0.018 0.006 0.007 0.030 .002 0.006 0.006 �0.006 0.018 .322
50% or more 0.058 0.006 0.046 0.070 <.001 0.054 0.015 0.024 0.084 <.001 0.037 0.016 0.006 0.068 .019
Not reported 0.005 0.002 0.001 0.009 .026 0.002 0.003 �0.002 0.007 .324 0.001 0.002 �0.004 0.005 .827
Constant 0.008 0.001 0.006 0.011 <.001 0.004 0.002 0.000 0.009 .039 0.013 0.003 0.008 0.018 <.001

Coef., coefficient; CI, confidence interval; FE, fixed effects; SE, standard error.
*Multivariable models (models 2-4) included bed size, urbanicity/rurality, region, occupancy rate, percent Medicaid, case mix index, nursing staffing ratios, staff shortages

and lack of personal protective equipment (facility characteristics). County COVID-19 burden ¼ proportion of county infections and deaths; County COVID-19 burden for each
nursing home was measured by county-level cumulative COVID-19 infections and deaths.

J.L. Travers et al. / JAMDA 22 (2021) 893e898 897
example, counties with greater proportions of Black citizens may
experience scarcity of resources and service availability (eg, trans-
portation, health services), mistrust in the healthcare system among
community members, and low socioeconomic indicators (eg, educa-
tion, income).27 Moreover, resources are provided to communities in
the context of a history of racial bias in which communities with
higher proportions of Black members generally receive fewer re-
sources.28 These county-level consequences are unfolding during the
pandemic in the form of greater excess deaths unattributed to COVID-
19 in counties with high income inequality, low homeownership, and
high percentages of Black individuals.29 Disproportionate excess
deaths in segregated counties could translate to fewer workers
available to perform services necessary for nursing home operations.

Urban/rural disparities remain an understudied area, especially for
nursing homes.30 Our findings confirm that disparities in COVID-19
infections and deaths are stronger in the presence of both rurality
and higher proportion of Black residents than in the presence of either
of these characteristics alone. This could be because residents in rural
nursing homes tend to have poorer overall health and more chronic
conditions than urban nursing homes.31 Previous investigators have
reported that rural nursing homes are associated with lower quality of
care and higher likelihood of staffing shortages, Medicaid residents,
and in-hospital deaths.32,33 Moreover, differences between urban and
rural nursing homes, such as differing organizational structures (eg,
ownership) and funding sources (eg, Medicaid-dependency), have
accounted for 10%e22% of disparities in quality of care between rural
nursing homes and urban nursing homes.34 Rural racial/ethnic mi-
norities have been described as a “forgotten population,” and atten-
tion during the COVID-19 pandemic has been focused on urban
settings. Thus, our findings highlight the critical need for attention to
rural nursing homes as well.35

Despite its strengths in examining the structural bias associated
with COVID-19 infections and deaths in nursing homes with high
proportions of Black residents, there are several limitations in our data
and analyses. In terms of data limitations, the CDC data have gaps in
reporting by some nursing homes and inconsistencies in how data
were reported before May 2020.36 In addition, the availability and use
of testing may affect the number of true COVID-19 infections and
deaths nursing homes report. Because nursing homes with greater
proportions of Black residents have fewer resources and, in this case,
poorer access to testing for COVID-19, it is likely that the disparities
reported in this study are underestimated. These data may change as
more rural settings are experiencing increases in infections. Moreover,
it is expected that these data will stabilize as nursing homes become
more familiar with submitting data and testing becomes more
widespread. Despite limitations, these data point to a need for na-
tional surveillance of COVID-19 infections and deaths among the most
vulnerable populations.

In terms of analytic limitations, we excluded all nursing homes that
did not pass CMS’s quality assurance checks, but it is possible that this
exclusion may have limited our sample to better performing nursing
homes. In addition, we calculated the proportion of infections and
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deaths per occupied bed, but occupation rates may have been affected
broadly by the pandemic and specifically by infections and deaths in
nursing homes. We were also unable to build a model 4 in our strat-
ified analysis. The reason for this is we could not account for county
fixed effects in these analyses because of the limited number of
nursing homes in a rural county. In regard to our sample, 40% of the
nursing homes were missing information on their proportion of Black
residents and thereby classified as not reported. A sensitivity analysis
that excluded these nursing homes and estimated the models again
revealed similar results (data not shown). Although we were able to
situate the disparities in COVID-19 infections and deaths within po-
tential structural bias in counties, it is important to note that our ac-
cess to COVID-19 data were limited to the county level, and county-
level analyses lack specificity when drawing conclusions about racial
disparities. Future research should consider these issues in more
depth when census block data become available. Finally, we examined
differences in COVID-19 infections and deaths across nursing homes
by proportions of Black residents, but future studies should consider
whether these differences exist within nursing homes.
Conclusions and Implications

As disparities in COVID-19 infections and deaths among nursing
homes with higher proportions of Black residents are potentially
rooted in long-standing issues related to structural bias within
counties, it is important that we dismantle the bias and discriminatory
structures that continue to fuel these disparities. Some suggestions
based on prior research are as follows: Invest in Black communities
where these nursing homes are located. Investment is needed in
infrastructure, social services, healthcare, education, housing, and
neighborhoods.30,37 In addition, increase Medicaid reimbursement to
nursing homes and ensure monies are allocated toward resident care
and increase the availability of qualified medical and non-medical
staff, especially in rural settings.38 In a recent article by Li et al,19 the
authors suggest structural problems as a cause of the disparities found
in nursing homes. Our findings bring us closer to understanding the
relationship between county, urbanicity/rurality, and disparities in
nursing homes, along with likely roots in structural bias. It is imper-
ative that support is provided to nursing homes serving greater pro-
portions of Black residents while considering the rurality of the
nursing home setting.
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Supplementary Fig. 1. (A) COVID-19 infections by proportions of black residents in a nursing home, relative to none (95% CI reported). All coefficients expressed relative to the
reference group (ie, No black residents in a nursing home). Models 2, 3, and 4 are clustered on county and include: bed size, urbanicity/rurality, region, occupancy rate, percent
Medicaid, case mix index, nursing staffing ratios, staff shortages and lack of personal protective equipment (facility characteristics). Model 3 includes County COVID-19 burden
which ¼ proportion of county infections and deaths; County COVID-19 burden was measured by county-level cumulative COVID-19 infections and deaths. Model 4 includes county
fixed effects (FE). (B) COVID-19 deaths by proportions of black residents in a nursing home, relative to none (95% CI reported). All coefficients expressed relative to the reference
group (ie, No black residents in a nursing home). Models 2, 3, and 4 are clustered on county and include: bed size, urbanicity/rurality, region, occupancy rate, percent Medicaid, case
mix index, nursing staffing ratios, staff shortages and lack of personal protective equipment (facility characteristics). Model 3 includes County COVID-19 burden which ¼ proportion
of county infections and deaths; County COVID-19 burden was measured by county-level cumulative COVID-19 infections and deaths. Model 4 includes county fixed effects (FE).
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Supplementary Fig. 2. (A) COVID-19 infections by proportions of Black residents in a nursing home, relative to none by urban/rural (95% CI reported). All coefficients expressed
relative to the reference group (ie, No black residents in a nursing home). Models 2 and 3 are clustered on county and include bed size, urbanicity/rurality, region, occupancy rate,
percent Medicaid, case mix index, nursing staffing ratios, staff shortages and lack of personal protective equipment (facility characteristics). Model 3 additionally includes County
COVID-19 burden which ¼ proportion of county infections and deaths; County COVID-19 burden was measured by county-level cumulative COVID-19 infections and deaths. (B)
COVID-19 deaths by proportions of Black residents in a nursing home, relative to none by urban/rural (95% CI reported). All coefficients expressed relative to the reference group (ie,
No black residents in a nursing home). Models 2 and 3 are clustered on county and include bed size, urbanicity/rurality, region, occupancy rate, percent Medicaid, case mix index,
nursing staffing ratios, staff shortages and lack of personal protective equipment (facility characteristics). Model 3 additionally includes County COVID-19 burden
which ¼ proportion of county infections and deaths; County COVID-19 burden was measured by county-level cumulative COVID-19 infections and deaths.
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