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Racial/ethnic minorities have experienced higher COVID-19 infection rates than whites, but it is unclear how
individual-level housing, occupational, behavioral, and socioeconomic conditions contribute to these disparities
in a nationally representative sample. In this study, we assess the extent to which social determinants of health
contribute to racial/ethnic differences in COVID-19 infection. Data are from the Understanding America Study’s
Understanding Coronavirus in America survey (UAS COVID-19 waves 7-29). UAS COVID-19 is one of the only
nationally representative longitudinal data sources that collects information on household, work, and social
behavioral context during the pandemic. We analyze onset of COVID-19 cases, defined as a positive test or a
diagnosis of COVID-19 from a healthcare provider since the previous survey wave, over a year of follow-up (June
2020-July 2021). We consider educational attainment, economic resources, work arrangements, household size,
and social distancing as key social factors that may be structured by racism. Cox hazard models indicate that
Hispanic people have 48% higher risk of experiencing a COVID-19 infection than whites after adjustment for age,
sex, local infection rate, and comorbidities, but we do not observe a higher risk of COVID-19 among Black re-
spondents. Controlling for engagement in any large or small social gathering increases the hazard ratio for
Hispanics by 9%, suggesting that had Hispanics had the same social engagement patterns as whites, they may
have had even higher risk of COVID-19. Other social determinants—lower educational attainment, working away
from home, and number of coresidents—all independently predict higher risk of COVID-19, but do not explain
why Hispanic Americans have higher COVID-19 infection risk than whites.

1. Introduction

The COVID-19 pandemic has impacted our lives and health, but has
done so unequally across the population. Black and Hispanic individuals
in the U.S. have faced a higher rate of COVID-19 cases, severe illness,
and mortality compared with whites (Mackey et al., 2021). According to
COVID-NET surveillance data, the rates of COVID-19-associated hospi-
talization and ICU admission are highest among Hispanic individuals,
followed by non-Hispanic Black individuals (Garg et al., 2021). Provi-
sional death counts from February 2020-January 2022 show that the
mortality rate for Hispanic and Black Americans is almost double the
rate of whites (Centers for Disease Control and Prevention (CDC),
2022a). While vaccination has led to significant declines in COVID-19
cases and deaths, racial/ethnic disparities seem to remain persistent
(CDC, 2022b).

In order to understand racial/ethnic disparities in the burden of

COVID-19, it is crucial to consider how structural racism acts through
various domains of social circumstance to shape infection risk. However,
previous studies have typically used aggregate-level variables such as
county-level education or poverty rates to identify potential drivers of
racial/ethnic disparities in COVID-19 (Fielding-Miller et al., 2020;
Hamidi and Hamidi, 2021). These findings tend to focus on samples
from single states or specific communities and fail to capture variation
across individuals (Chen and Krieger, 2021; Podewils et al., 2020).
Beyond education and income, limited access to affordable housing,
limited options to work from home, and inability to socially isolate have
been posited as social determinants that place people of color at
increased risk (Badri et al., 2021; M. A. Garcia et al., 2021; Thakur et al.,
2020). However, such individual-level measures have received less
empirical attention using nationally representative samples.

We extend prior work by considering how structural racism acts
through educational attainment and multiple proximate social
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factors—work arrangements, income, household arrangements, and
social distancing behaviors—which simultaneously contribute to the
production of racial/ethnic disparities in COVID-19 infection. We use
waves 7-29 of the Understanding America Study’s Understanding
Coronavirus in America Survey (UAS COVID-19), which followed re-
spondents and tracked incident COVID-19 cases over a year from June
10, 2020-July 19, 2021. UAS COVID-19 is one of the only nationally
representative longitudinal data sources that collects information on
household, work, and social behavioral context during the pandemic.
Informed by prior work that frames racism as a fundamental cause of
racial disparities in health (Laster Pirtle, 2020; Phelan and Link, 2015;
Williams and Collins, 2001), we posit that constraints in socioeconomic,
occupational, living and behavioral conditions increase risk of
COVID-19 infection by making social distancing and self-isolation
difficult and limiting access to information and resources to prevent
infection, and that because these key social determinants are shaped by
racism, they contribute to racial/ethnic disparities in COVID-19
infection.

2. Background

Racial/ethnic disparities in COVID-19 have been shaped and exac-
erbated by many of the inequitable systems in American society. In the
U.S., structural racism and discrimination are fundamental causes of
health inequalities (Phelan and Link, 2015; Williams and Collins, 2001;
Zalla et al., 2021). In the case of the pandemic, racial capitalism, racial
segregation, colorblind racism, and racialized class hierarchy act
together to produce disparities by creating unequal access to protective
resources and opportunities, stratifying the social determinants of
health, and restricting the lives of minoritized communities (Bonilla--
Silva, 2020; M. A. Garcia et al., 2021; Laster Pirtle, 2020). An increasing
number of studies suggest the social determinants of health—most often
operationalized by area-level socioeconomic factors—are risk factors for
COVID-19 (Credit, 2020; Dalsania et al., 2021; Do and Frank, 2021), yet
relatively few studies have explored an empirical link between key ra-
cialized social determinants of health and racial/ethnic disparities in
COVID-19 at the individual level. While this line of research has been
critical in shifting narratives away from color-blind ideologies that
naturalize racial disparities (Bonilla-Silva, 2020) and toward social ex-
posures, it is limited by inadequate attention to the ways structural
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racism acts through multiple dimensions of the social determinants of
health simultaneously.

As shown in Fig. 1, we focus here on five dimensions of social de-
terminants of health that are known to be shaped by racism and
discrimination, and estimate the role of these racialized social de-
terminants in producing racial/ethnic disparities in COVID-19 infection.
The five key dimensions of social determinants of health include
educational attainment, economic resources, work arrangements,
household size, and social distancing, all of which have the potential to
differentiate risk of exposure in ways that disadvantage Black and His-
panic people and restrict their ability to avoid infection.

Specifically, we posit that structural racism shapes the risk of COVID-
19 infection for Hispanic and Black individuals largely through educa-
tional attainment and its consequences for work, economic resources,
housing, and health behaviors. We hypothesize that educational
attainment partially proxies for racialized social class and mediates
some of the impact of structural racism in early life. In this sense,
educational attainment precedes the other social determinants we
measure. Racialized educational inequality, in turn, differentiates work
arrangements and economic resources, but there are also countless
direct ways that structural racism stratifies work and economic re-
sources. For example, racialized immigration enforcement excludes
many Hispanic immigrants from jobs that would allow for remote work.
We also posit that lower levels of education and economic status place
people of color at risk through limited access to information and re-
sources to reduce COVID-19 health risks.

We then consider two more proximate social determinants that are
frequently speculated about in media coverage of COVID-19 disparities,
but less frequently measured: household size and social distancing,
which we hypothesize to be additional pathways through which ra-
cialized educational inequality may drive COVID-19 disparities. The
selected social determinants are not intended to be an exhaustive list —
indeed it is impossible to measure all of the ways that structural racism
drives COVID-19 disparities via social factors - but we have selected five
key social determinants whose influence on COVID-19 infection risk
may be modifiable through policy and targeted programs.

2.1. Education

Educational attainment in the U.S. is profoundly shaped by

[ ——
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Fig. 1. A conceptual framework that illustrates key social determinants of health pathways through which inequitable systems (structural racism and discrimination)
contribute to racial/ethnic disparities in COVID-19 infection. The dashed line indicates the unmeasured influence of structural racism and discrimination on racial/

ethnic disparities.
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segregation and other forms of structural racism and likely shapes
COVID-19 infection risk in multiple ways. First, mindful that it is diffi-
cult to measure and model racialized social class, educational attain-
ment captures some of the influence of racialized social class on COVID-
19 exposure (Bonilla-Silva, 2020; Laster Pirtle, 2020). Second, education
likely confers greater health literacy and trust in science, which can
allow people to understand the importance of adhering to social
distancing and other recommended measures during the COVID-19
pandemic and the reasoning behind the measures being taken to pre-
vent the spread of the virus (Greer et al., 2021). Researchers have found
that Americans with more education had higher adherence to social
distancing guidelines (Kim and Crimmins, 2020; Smail et al., 2021; Zhao
et al., 2020) and were more likely to express intention to receive a
vaccine against COVID-19 (Szilagyi et al., 2021).

Because of the potential for educational attainment to influence risk
of COVID-19, prior research has posited that the lower educational
attainment of Black and Hispanic Americans-shaped by systemic racism
in educational quality and opportunity— may contribute to disparities in
COVID-19 cases and deaths (Feldman and Bassett, 2021; Garcia et al.,
2021; Phillips, 2011). However, very little research has examined the
role of educational attainment in shaping racial/ethnic differences in
COVID-19 (Feldman and Bassett, 2021). Because educational attainment
is generally not collected as part of COVID-19 surveillance data, survey
data can provide novel insights into the influence of educational
inequality to COVID-19 infection risk.

2.2. Economic resources

As with education, large racial/ethnic gaps in income are likely to
contribute to the elevated COVID-19 risks among Black and Hispanic
Americans. While the median household income in 2020 for white
households was $76,057, the medians for Black and Hispanic house-
holds were only $46,073 and $56,113, respectively (US Census Bureau,
2020).

Greater economic resources can allow individuals to pay a premium
to avoid interactions with the public. Evidence indicates that residents of
lower income neighborhoods in New York City did not reduce their
subway usage as much as residents of higher income neighborhoods,
reflecting both a necessity to commute to in-person work and a lack of
safer transportation alternatives (Sy et al, 2021). Higher-income
households were also more likely to pay for grocery delivery to avoid
shopping in person than lower-income households (Unnikrishnan and
Figliozzi, 2020). Just as higher income affords protections from expo-
sure to infection, the constraints and instability of lower income are
likely to make exposure to infection at work and at home more likely.
However, this hypothesis is yet to be confirmed by individual-level data
as most existing evidence on the association between SES and COVID-19
incidence has used aggregate level data (Clouston et al., 2021).

2.3. Work

Since the beginning of the pandemic in the US, workplaces were
identified as potential sources of COVID-19 transmission, and many
employers instituted work-from-home policies either voluntarily or in
response to stay-at-home orders. However, many jobs deemed essential
or frontline, such as those in the healthcare and manufacturing sectors,
could not feasibly be done from home (Blau et al., 2020; Carlsten et al.,
2021). As more data have become available, it has become apparent that
infection and mortality rates were elevated among essential workers (J.
T. Chen et al., 2021; Hawkins et al., 2021; Riley et al., 2021).

A long history of structural racism in the labor market has resulted in
constrained opportunities for workers of color, resulting in their over-
representation in low-wage, essential jobs and in jobs with character-
istics considered risk factors for COVID-19, such as frequent exposure to
infectious diseases or contact with external customers (Cox-Ganser and
Henneberger, 2021; Goldman et al., 2021; Selden and Berdahl, 2020).
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Black and Hispanic workers have been historically concentrated in
lower-wage jobs in the service, production, and transportations in-
dustries, and these types of jobs often lack flexible work arrangements
and paid leave benefits (Garcia et al., 2021). Many researchers have
speculated that these differential employment patterns by race and
ethnicity have contributed to the high burden of COVID-19 cases and
deaths among Black and Hispanic Americans and among individuals
with less education (Andrasfay and Goldman, 2021; Y.-H. Chen et al.,
2021; Riley et al., 2021; Rodriguez-Diaz et al., 2020). However, limited
availability of individual-level data on both occupational information
and COVID-19 outcomes has precluded previous studies from directly
assessing how occupational exposures contribute to racial/ethnic dis-
parities in COVID-19.

2.4. Household size

Due to policies and practices including redlining, racist housing
discrimination, and predatory lending, white people have systemic ad-
vantages in housing which may allow them to better avoid COVID-19 at
home. Larger households and denser living arrangements can limit the
ability to isolate and may increase exposure to the virus. Especially in
contexts of rising housing costs, large racial/ethnic education, income
and occupational gaps make Black and Hispanic Americans more likely
to live in dense, multigenerational households than whites (E. Garcia
et al., 2021). Nationally, Hispanic households have an average of 1.6
wage earners, compared to 1.2 for white households (Bureau of Labor
Statistics, 2018). This indicates that, on average, Hispanic households
have more adults potentially leaving the home every day, which in-
creases their likelihood of exposure to COVID-19-positive individuals
through work and exposes other household members to the virus. Data
from the 2016 American Community Survey also show that, among
Hispanic and Black Americans, the shares living in multigenerational
households are 27% and 26%, respectively, whereas only 16% of whites
lived with extended family (Cohn and Passel, 2018). The prevalence of
multigenerational living is thought to have increased during the
pandemic as more families have merged with households out of finan-
cial and caregiving necessity, although this puts these families at
increased risk of overcrowding (Binette et al., 2021).

Research has shown that living in multigenerational households or
living with a large number of household members is associated with
increased risk of COVID-19, but these studies have typically used area-
level measures (e.g., average household size or proportion of multi-
generational households in the area) from single states or some com-
munities that may not be widely generalizable (Chen and Krieger, 2021;
Hamidi and Hamidi, 2021). It remains largely unknown whether dif-
ferences in the living conditions by race and ethnicity contributed to
high risk of COVID-19 infection among people of color.

2.5. Social distancing

Social behaviors including gathering with friends and family and
attending religious services are typically considered to be beneficial for
health and wellbeing, but have been identified as risk factors during the
COVID-19 pandemic. Previous work has shown that lower adherence to
social distancing guidelines, including not avoiding public places or
limiting gatherings, was associated with greater risk of COVID-19
infection (Andrasfay et al., 2022; Whaley et al., 2021). Adherence to
social distancing guidelines has been found to be higher among older
adults and women, but evidence regarding racial/ethnic differences in
adherence to these guidelines has been more mixed, and these differ-
ences have varied over the course of the pandemic (Kim and Crimmins,
2020; Zhao et al., 2020).

While Fundamental Cause Theory would suggest that people with
more resources would be more likely to social distance, social distancing
may be greater among Black and Hispanic communities in part due to
racially-targeted social distancing enforcement in the early stages of the
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pandemic. Early arrest data indicate that, in mid-March to early May in
2020, Black and Hispanic populations were disproportionately arrested
for not adhering to state and county guidelines in New York City, Chi-
cago, and Ohio (Dunbar and Jones, 2021). This differential social
distancing enforcement may have contributed to widespread variation
in social distancing in communities across the country (Gibbons, 2021).
Here, we focus on attendance at large and small gatherings to distin-
guish social distancing as a health behavior from the ability to distance
as determined by one’s work arrangement.

3. Data and methods
3.1. Data

Data are from the Understanding America Study’s Understanding
Coronavirus in America survey (UAS COVID-19) conducted by the
Center for Economic and Social Research at the University of Southern
California. The UAS is a nationally representative internet panel study of
American adults that began in 2014 with the support of the National
Institute on Aging, the Social Security Administration, and the Gates
Foundation. Respondents answered the survey using a computer, tablet,
or smartphone, and they were provided with a tablet and broadband
internet if they did not have access to the internet. The UAS COVID-19
longitudinal survey, which ran from March 2020, through July 2021,
surveyed UAS panel members about their experiences, behaviors, and
beliefs during the pandemic. Follow-up waves were conducted every
two weeks from March 2020-March 2021, and became monthly from
March 2021-June 2021, for a total of 29 survey waves.

For this analysis, we use data from waves 7-29, covering the period
from June 10, 2020-July 19, 2021, because these waves consistently ask
about all measures required for our analyses. Of the 8628 respondents
who participated in at least one of these survey waves, we restrict our
analytic sample to individuals who did not report a COVID-19 infection
or vaccination at their first interview in this period and who had at least
one wave of follow-up (6% excluded), and individuals with complete
information on all social, demographic, and behavioral questions in at
least one wave (an additional 1% excluded), for a final analytic sample
of 7647 respondents. We include follow-up observations of individuals
until a report of a COVID-19 infection, receipt of at least one dose of a
vaccination against COVID-19, or censoring due to loss to follow-up or
the end of the study period, resulting in 110,440 observations over 5378
person-years of exposure.

3.2. Measures

3.2.1. Outcome variable

The outcome of our analysis is incident COVID-19 infection. In each
wave, respondents reported whether they had received a positive
COVID-19 test or a diagnosis of COVID-19 from a healthcare provider
since their last survey wave. We consider either a positive test or diag-
nosis from a healthcare provider as the indication of COVID-19 infec-
tion. Because individuals do not report the date of test or diagnosis, we
assign this to be the midpoint between the respondent’s previous
interview and the interview in which s/he reports the test or diagnosis.

3.2.2. Independent variables

To examine racial/ethnic differences in COVID-19, we construct a
measure of race/ethnicity categorized as Non-Hispanic White, Non-
Hispanic Black, Hispanic, and Non-Hispanic Other race. While the
UAS allowed individuals to identify as Native American, Asian, Pacific
Islander, or Mixed race, we chose to group these categories as “Other
race” because we did not have adequate sample size to consider them
separately. Note that we follow the survey language and the term His-
panic to refer to all Hispanic, Latino and Latinx individuals. We use the
terms Black and white to refer to non-Hispanic Black and non-Hispanic
white individuals.
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We focus on five social determinants that may differentiate risk of
infection in racialized ways: (1) education, (2) economic resources, (3)
work arrangement, (4) household size, and (5) social distancing.
Educational attainment is categorized as high school or less; some col-
lege; and college or more. As a marker of economic resources, we
include household income categorized as less than $30,000,
$30,000-59,999, $60,000-99,999, and $100,000 or more, which
roughly correspond to the quartiles of household income in our sample.
We combine responses from questions on labor force status and days
worked from home in the previous week to create a time-varying mea-
sure of working arrangement categorized as working from home;
working outside the home; retired; and unemployed or otherwise out of
the labor force. A time-varying measure of household size is defined by
the number of coresident household members (up to 12). In each wave
in our study period, respondents reported about several behaviors
related to social distancing in the previous 7 days, and we created time-
varying measures of engagement in any large or small social gathering as
markers of social distancing behaviors, following previous work
(Andrasfay et al., 2021). Any large gathering or public interaction is
defined by not avoiding public places, gatherings, or crowds; not
avoiding eating at restaurants; going out to a bar, club, or other place
where people gather; attending a gathering with more than 10 people; or
attending an in-person religious service. Any small gathering is defined
by not avoiding contact with high-risk people; having visitors at their
residence; going to another’s residence; or having close contact (within
6 ft) with people not in the household.

3.2.3. Covariates

Demographic characteristics include sex and age group at first
interview (18-44, 45-64, and 65 and over). To proxy for geographic
variation in the risk of infection, we include a time-varying measure of
the case rate per 100,000 population in the respondent’s state in the 7-
day period prior to the respondent’s interview; we log this measure in
the multivariate models. These case rates were obtained from the Cen-
ters for Disease Control and Prevention’s COVID Data Tracker (CDC,
2022b). Because the likelihood of seeking a test or medical help and
receiving a diagnosis depends on the severity of infection, we also
include a time-varying count of comorbid conditions that have been
associated with severity of COVID-19. These include diabetes, cancer,
heart disease, asthma, chronic lung disease, kidney disease, autoim-
mune disorders, hypertension, and obesity.

4. Statistical analysis

Following the conceptual framework laid out in Fig. 1, we fit a series
of multivariate models to assess how the risk of COVID-19 infection
differs by race/ethnicity and to what extent five key social determinants
hypothesized to be mediators of the relationship between structural
racism and risk of COVID-19 infection contribute to the estimated
racial/ethnic disparities. To assess the magnitude of racial/ethnic dis-
parities, we first fit a minimally-adjusted Model 1 predicting risk of
COVID-19 infection by race/ethnicity, with sex, age, the log state-level
case rate, and the number of comorbid conditions as covariates. We
then sequentially add in the social determinants, starting with the most
upstream and ending with the most proximate to COVID-19 infection.

The first social determinant we add is educational attainment in
Model 2. Because systemic racism constrains educational opportunities
early in life, we theorize that structural racism may be acting through
educational attainment to drive disparities in COVID-19 infection. Next,
Model 3 adds household income and working arrangement, both of
which are influenced by structural racism indirectly via educational
attainment and directly via hiring and work-related mechanisms, and
which are likely associated with risk of COVID-19 infection. Model 4
adds the number of household coresidents, which is influenced by
educational and economic resources and work and is associated with the
ability to isolate from infected household members. Model 5 considers
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Table 1
Summary statistics of analytic sample at first observation.
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Percent or Mean (SD)

Full sample White Black Hispanic Other
Race/Ethnicity
Non-Hispanic White 61.4
Non-Hispanic Black 11.9
Hispanic 17.2
Non-Hispanic Other 9.5
Ever infected with COVID-19 10.08 9.53 8.88 13.85 8.29
Sex
Female 52.4 48.0 63.3 60.6 51.6
Male 47.6 52.0 36.7 39.4 48.4
Age
18-44 49.6 43.6 53.3 64.5 57.5
45-64 32.0 32.5 34.1 28.9 31.4
65+ 18.4 23.9 12.7 6.6 11.1
State-level cases in past week (per 100 k) 84.47 74.83 103.92 105.98 83.46
Number of comorbidities 0.9 (1.2) 1(1.2) 1(1.2) 0.7 (1) 0.7 (1.1)
Educational Attainment
High school or less 37.3 39.3 42.6 34.7 22.4
Some college 28.5 25.1 34.4 39.2 24.2
College or more 34.2 35.7 23.0 26.0 53.4
Income
Less than $30,000 27.9 23.6 50.3 29.4 25.2
$30,000-$59,999 26.5 26.0 27.1 30.3 21.9
$60,000-$99,999 23.3 25.6 13.4 21.9 23.5
$100,000 or more 22.3 24.8 9.3 18.4 29.4
Employment Status
Working, from home 25.9 23.9 26.0 26.8 37.3
Working, away from home 32.2 31.6 30.0 38.6 28.0
Unemployed or out of labor force 25.2 22.7 34.6 28.8 23.5
Retired 16.6 21.8 9.4 5.8 11.2
Number of household coresidents 1.7 (1.5) 1.7(1.9 1.5(1.5) 2.1 (1.7) 1.7 (1.5)
Social Behaviors
Large gathering 51.2 55.2 44.2 47.8 40.5
Small gathering 80.3 84.8 71.9 72.3 76.1
Number of respondents 7674 4987 608 1266 813
Number of observations 110,440 73,846 8575 16,324 11,695
Person-years of follow-up 5378 3501 438 867 572

Note: Data are from the UAS COVID-19 Study waves 7-29. Percentages and means are based on the first observation of each respondent in this period and are

calculated using weights provided by the UAS.

an alternative pathway through which racialized educational inequality
may contribute to racial/ethnic disparities in COVID-19 infection: social
distancing. In this model, participation in small gatherings and large
gatherings or public interactions are added to the variables in Model 2
because we hypothesize there is an additional pathway from education
to COVID-19 infection via health literacy which is distinct from the
economic resources pathway. Last, we jointly consider both pathways
through which racial/ethnic disparities in COVID-19 may emerge by
including all social determinants together in Model 6 in order to assess
the extent to which these five key social determinants contribute to
racial/ethnic disparities in COVID-19.

We fit these models using Cox hazard models, which non-
parametrically fit a baseline hazard of COVID-19 diagnosis at each
day following June 10, 2020, which is the beginning of our study period,
and estimate how this baseline hazard is proportionately increased or
decreased by observable risk factors. Individuals in our sample are
considered at risk for an incident COVID-19 infection from their first
interview in our study period until they report an infection, receive at
least one dose of a vaccine against COVID-19, or are otherwise censored.
We censor individuals upon receipt of a COVID-19 vaccine because
breakthrough infections were still considered rare during the study
period (Christie et al., 2021) and because vaccination has been associ-
ated with the social behaviors that we study, which could bias the as-
sociations (CDC, 2022b). We split the follow-up time for each individual
into intervals following each survey wave to allow certain independent
variables to be time-varying. In cases where an individual reports a

variable in one wave but is missing this variable in subsequent waves,
we carry forward their previous values until they provide an updated
response. All analyses include weights provided by the UAS and were
done in R (version 4.0.3).

5. Results

Weighted summary statistics of participants in our analytic sample at
their first observation in our study period are displayed in Table 1. These
statistics are also shown separately by race/ethnicity. Approximately
10% of the sample is infected with COVID-19 during follow-up, but there
are substantial racial/ethnic differences, with Hispanic participants
having the highest cumulative incidence (13.85%) and participants
grouped as other race the lowest (8.29%). Hispanic participants had
high levels of many of the social factors we hypothesized to be important
social determinants linking structural racism to COVID-19 infection,
including having the highest prevalence of working away from home
and the largest number of household coresidents. Both Black and His-
panic participants had lower levels of college education than white or
other race participants. Black participants had the lowest household
income of all groups in the study. White participants, while advantaged
in terms of living, working, and socioeconomic conditions, had the
highest prevalence of engaging in risky social behaviors.

Results from Cox hazard models predicting COVID-19 infection are
shown in Table 2. Model 1 estimates that Hispanic individuals have 48%
higher risk (HR = 1.48, 95% CI = 1.13-1.93) of infection than whites
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Table 2
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Associations between social and contextual characteristics and COVID-19 diagnosis: Hazard ratios and 95% confidence intervals.

Model 1 Model 2

Model 3 Model 4 Model 5 Model 6

Race/Ethnicity (ref = Non-Hispanic White)
Non-Hispanic Black 0.84 (0.60, 1.18)
Hispanic 1.48 (1.13,1.93)
Other 0.88 (0.60, 1.31)
Educational attainment (ref = College)
Some college
High school or less
Income (ref = $100,000 or more)
$60,000-$99,999
$30,000-$59,999
Less than $30,000
Working arrangement (ref = working from home)
Working away from home
Retired
Unemployed or out of labor force
Number of coresidents
Social behaviors in past 7 days
Any large gathering

0.82 (0.58, 1.15)
1.42 (1.08, 1.86)
0.93 (0.63, 1.37)

1.50(1.17,1.93)
1.29 (1.01, 1.65)

Any small gathering
Covariates
Male 0.89 (0.74, 1.09) 0.92 (0.75, 1.12)
Age group (ref = 18-44)
Age 45-64 1.12(0.90, 1.41) 1.12 (0.90, 1.40)
Age 65+ 0.67 (0.48, 0.94) 0.68 (0.48, 0.95)

Logged state-level 7-day case rate
Number of comorbidities
Number of observations

1.55(1.32, 1.83)
1.09 (1.00, 1.19)
110,440

1.55(1.31, 1.83)
1.08 (0.99, 1.17)
110,440

0.85 (0.60, 1.19)
1.43 (1.09, 1.88)
0.95 (0.64, 1.40)

0.85 (0.61, 1.20)
1.41 (1.07, 1.85)
0.95 (0.64, 1.40)

0.90 (0.64, 1.26)
1.55 (1.18, 2.05)
1.00 (0.68, 1.48)

0.92 (0.66, 1.30)
1.53 (1.16, 2.01)
1.01 (0.68, 1.50)

1.50 (1.15, 1.95)
1.33 (1.00, 1.76)

1.46 (1.13, 1.89)
1.27 (0.96, 1.68)

1.45(1.13, 1.86)
1.26 (0.99, 1.61)

1.42(1.09, 1.83)
1.23 (0.93, 1.64)

1.15 (0.87, 1.54)
1.04 (0.77, 1.39)
1.02 (0.74, 1.41)

1.18 (0.89, 1.58)
1.09 (0.81, 1.46)
1.11 (0.80, 1.55)

1.19 (0.89, 1.58)
1.10 (0.82, 1.48)
1.14 (0.82, 1.57)

1.23 (0.94, 1.62)
0.82(0.57, 1.19)
0.90 (0.66, 1.23)

1.24 (0.94, 1.63)
0.84 (0.58, 1.21)
0.89 (0.65, 1.22)
1.08 (1.01, 1.16)

1.16 (0.88, 1.53)
0.84 (0.58, 1.22)
0.90 (0.66, 1.23)
1.08 (1.01, 1.15)

1.41 (1.08, 1.84)
1.43 (1.16, 1.75)

1.37 (1.05, 1.78)
1.40 (1.14,1.72)
0.88 (0.72, 1.08) 0.89 (0.73, 1.09) 0.90 (0.74, 1.09) 0.88 (0.72, 1.08)
1.14 (0.91, 1.43)
0.81 (0.56, 1.17)
1.54 (1.31, 1.82)
1.10 (1.01, 1.20)
110,440

1.21 (0.96, 1.53)
0.88 (0.60, 1.29)
1.55(1.31, 1.83)
1.09 (1.01, 1.19)
110,440

1.17 (0.94, 1.46)
0.73 (0.52, 1.02)
1.56 (1.32, 1.84)
1.09 (1.01, 1.19)
110,440

1.26 (1.00, 1.59)
0.92 (0.63, 1.35)
1.56 (1.32, 1.84)
1.11 (1.01, 1.20)
110,440

Number of COVID-19 diagnoses 801 801

801 801 801 801

Note: Data are from the UAS COVID-19 Study waves 7-29. Hazard ratios are from Cox proportional hazards models that include weights provided by the UAS.

after adjustment for age, sex, local infection rate, and comorbid condi-
tions, but we do not observe a higher risk of COVID-19 among Black
individuals in our sample. In Model 2, we additionally include educa-
tional attainment and find that, compared to those who have completed
college, individuals with high school or less education and those with
some college experience have higher risk of COVID-19. In this model,
Hispanic individuals still have 42% higher risk (CI = 1.08-1.86) of
COVID-19 than white individuals. Model 3 adds working arrangement
and household income to Model 2. While working away from home
appears to be associated with an increased risk of COVID-19 infection,
neither working arrangement nor household income are significantly
associated with COVID-19 infection. Model 4 adds the number of co-
residents to Model 3. In this model, each additional coresident is asso-
ciated with an 8% increased risk (CI = 1.01-1.16) of COVID-19, but the
larger household size of Hispanic participants does not appear to ac-
count for their increased risk of COVID-19, as Hispanic participants
maintain a 41% higher risk (CI = 1.07-1.85) of COVID-19 in this model.
Next, Model 4 considers an alternative pathway in which education may
impact risk of COVID-19 through its effects on social distancing be-
haviors. In this model, both attending a small gathering (HR = 1.41, CI
= 1.08-1.84) or large gathering (HR = 1.43, CI = 1.16-1.75) are
significantly associated with increased COVID-19 risk. These behaviors
do not reduce the increased risk of COVID-19 among Hispanic in-
dividuals; rather, the hazard ratio (1.55, CI = 1.18-2.05) is slightly
raised in this model, suggesting that had Hispanics had the same level of
social engagement as whites, they may have had even higher risk of
COVID-19.

Last, we include all of these social determinants together in Model 6.
In this model, we continue to see evidence that education, number of
coresidents, and social behaviors are statistically significant predictors
of COVID-19 infection. After adjusting for all of these social de-
terminants together, Hispanic individuals still have 53% higher risk (CI
= 1.16-2.01) of COVID-19 infection than whites with the same
characteristics.

The racial/ethnic differences in Model 1 compared to Model 6 are

displayed in Fig. 2, along with the hazard ratios of the social de-
terminants. This figure illustrates that while several social determi-
nants—educational attainment, number of coresidents, and small and
large social gatherings—appear to have an association with COVID-19
infection, their inclusion in this model does not reduce the substan-
tially higher risk of COVID-19 among Hispanics in our data.

In each of the models containing one or more social determinants of
COVID-19 infection, the hazard ratio associated with Hispanic race/
ethnicity remains within 5% of the hazard ratio estimated in the mini-
mally adjusted model. Thus, we do not find evidence that these social
determinants are important mediators of the association between
structural racism, as captured by race/ethnicity, and COVID-19
infection.

5.1. Supplementary analyses

We ran additional analyses to test the sensitivity of our results to the
definition of incident COVID-19 cases used in our analyses. We consid-
ered a narrower definition of positive tests only (Table A1) and a broader
definition that included instances when respondents thought they had
COVID-19 but did not have a test or diagnosis (Table A2). In these an-
alyses, the increased COVID-19 risks among Hispanic individuals are of
lower magnitude than the main specification and are not consistently
significant, but we come to the same conclusion that social determinants
appear to be important predictors of COVID-19 but cannot explain the
increased risks experienced by Hispanic individuals.

In addition to the social determinants, we examined in our main
specifications, we considered alternative measures of these constructs
(Table A3). We considered immigrant status and the language in which
the respondent completed the UAS survey as proxies for barriers to ac-
curate health information, as well as a count of scientific sources the
respondent relied on for COVID-19 information, but we did not find
these to be significantly associated with COVID-19. In lieu of the more
parsimonious number of coresidents, we included indicators for whether
the respondent lives with a working age adult and whether s/he lives
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Race/Ethnicity
Non-Hispanic White (reference) 4
Hispanic _
Non-Hispanic Black ®
Non-Hispanic Other s
0.5 1.0 2.0

Education (ref = College)
College (reference)
Some college
High school or less

0.5 1.0 2.0

Household Income
$100,000+ (reference)
$60,000-$99,999
$30,000-$59,999
Less than $30,000
0.5 1.0 2.0
Work arrangement
Working from home (reference)
Working away from home
Retired
Unemployed or out of labor force
0.5 1.0 2.0
Living Arrangement
Number of coresidents
0.5 1.0 2.0
Social Distancing Behaviors
Any large gathering
Any small gathering

0.5 1.0 2.0
Hazard Ratio (95% Confidence Interval)

-® Minimally adjusted Fully adjusted

Fig. 2. Hazard ratios and 95% confidence intervals of the associations between social risk factors and COVID-19 infection. The minimally-adjusted model (Model 1)
includes sex, age, the log state-level case rate, and the number of comorbid conditions. The fully-adjusted model (Model 7) additionally includes the listed social
determinants.

with a child under age 18. The point estimates suggested that both of determinants of health as contributors to racial/ethnic disparities in
these living arrangements were associated with higher risk of COVID-19, COVID-19 using nationally representative survey data. We find that
but they were not statistically significant. Hispanic Americans, but not Black Americans, have a substantially
higher risk of experiencing a COVID-19 infection compared to whites.

6. Discussion Lower educational attainment and higher-risk working and living ar-
rangements all predict higher risk of COVID-19, but do not explain why

This is one of the first studies to examine the role of racialized social Hispanics have higher risk of COVID-19 infection than whites. Contrary
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to media speculation based on cultural stereotypes (Villarreal, 2020), we
find that Hispanic individuals had better adherence to social distancing
guidelines and that their risk of COVID-19 may have been even higher
had they had the same engagement in small or large social gatherings as
whites.

Of course, the extensive ways structural racism influences health to
produce disparities go beyond the five social determinants we measured.
As shown in Fig. 1, we theorized that structural racism’s influence on
racial/ethnic disparities in COVID-19 infection is only partially medi-
ated by what was measurable with available survey data. Still, our
findings of persistent Hispanic-white gaps in infection risk across the
models offer surprising insights about several key mechanisms thought
to drive disparities in infection.

We hypothesized that one of the mechanisms linking educational
attainment and infection risk would be social distancing due to differ-
ences in health literacy, but it is possible that educational attainment
may not capture individuals’ full capacity to find, understand, and use
information about health-protective behaviors. Information about the
virus, prevention methods to avoid becoming ill, and available treat-
ment options are included in fact sheets provided by the CDC, but these
are not easily accessible to all. Individuals with language and literacy
barriers may therefore find it difficult to access necessary information
about how to avoid infection. Previous research has found that re-
spondents who relied on multiple professional sources-including the
WHO, the US Department of Health and Human Services, the CDC, local
public health officials, and physicians—to understand the pandemic had
better adherence to risk mitigation guidelines than those who relied on
fewer professional sources (Zhao et al., 2020). We explored whether
individuals who relied on more of these professional sources had lower
risk of COVID-19 infection, but we found neither a significant associa-
tion nor evidence that fewer sources of accurate health information
contributed to the higher risk of infection among Hispanics (Table A3).
More importantly, there are likely unmeasured social factors which
constraint the ability to act on risk mitigation guidance to protect one-
self from infection either at home or in the workplace.

Another explanation for the persistent Hispanic-white gap in infec-
tion risk is that unmeasured variation in occupational risk factors may
contribute to the higher risk of COVID-19 among Hispanics. For
example, our measure of working arrangement in this analysis provides
information on whether one worked outside the home in the past week
but does not allow us to infer the level of COVID-19 exposure outside the
home. Nor does it capture the privilege to stay home when sick and to
work in a place that would allow others to stay home when sick. Ideally,
we would be able to include information about workplace protections
and the frequency with which respondents work in close physical
proximity to their colleagues and have contact with external customers,
which have been identified as important risk factors for COVID-19 in
other studies (Cox-Ganser and Henneberger, 2021; Goldman et al.,
2021; Selden and Berdahl, 2020). Although UAS periodically asks about
occupation as part of its non-COVID-19 surveys, this information is not
available for all UAS COVID-19 participants, and the detailed occupa-
tion codes that would allow linkages to external sources of occupational
exposure are not currently available to researchers.

Another possible explanation is that it may be household crowding,
rather than household size, that increases the risk of COVID-19 trans-
mission for Hispanic individuals because household members cannot
adequately isolate if exposed or infected. Other studies have examined
aggregate-level household crowding and found that communities with a
higher prevalence of household crowding had higher COVID-19 mor-
tality (Chen and Krieger, 2021; Rodriguez-Diaz et al., 2020). However,
because UAS infrequently surveyed respondents about the number of
rooms in their residences, we were unable to assess how household
crowding during the pandemic predicted infection with COVID-19.

We do not find an elevated risk of COVID-19 infection among Black
individuals in our study. Although Black Americans continue to expe-
rience higher COVID-19 mortality (CDC, 2022b; Wong et al., 2021),
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some recent studies of disparities in infection have not found increased
risks among Black Americans. In a study of the Medicaid managed care
population in northern California, Jacobson et al. (2021) similarly
report higher odds of positive tests among Hispanic patients, but not
Black patients, after accounting for SES disparities. In addition, racial
disparities in infection are likely to vary over time and across geographic
contexts in the U.S. In an analysis of the early months of the pandemic,
Rentsch et al. (2020) found that the disparity in testing positive between
Black and white individuals was stronger in the Midwest than the West.
Studies using longer follow-up periods have found that Black-white
differences in COVID-19 infection rates have narrowed since the
initial wave of the pandemic (CDC, 2022b; Wong et al., 2021).

Strengths of the current study include utilization of an individual-
level data source to examine the importance of multiple social de-
terminants of health as contributors to racial/ethnic disparities in
COVID-19. Most existing evidence on the association between the social
determinants of health and racial/ethnic disparities in COVID-19 used
aggregate level data. We also use a nationally representative sample of
U.S. adults with over a year of follow-up, overcoming the limitations of
previous studies that typically relied on geographically narrow sampling
designs or observed only early COVID-19 cases during the first wave of
the pandemic.

Despite these strengths, we acknowledge several limitations. First,
individuals who had severe symptoms of COVID-19 may have been lost
or dropped out of the survey, which may result in misspecification of
COVID-19 diagnosis. Further, depending on timing and geographic
context, underdiagnosis of COVID-19 may be racially patterned such
that our results are conservative estimates of the magnitude of infection
disparities. Second, unobserved variables such as the occupational
characteristics of household members may contribute to the association
between race/ethnicity and risk of COVID-19. Previous research has
found that Black and Hispanic Americans are more likely than whites to
live with individuals working in jobs at high risk of exposure to COVID-
19 (Kong et al., 2021; Selden and Berdahl, 2020). Third, due to sample
constraints we were unable to estimate separate results for Native
American or Pacific Islander individuals, two groups that have been
documented to have higher rates of COVID-19. Lastly, structural racism
is deeply rooted in myriad discriminatory practices in federal, state, and
local policies that harm minoritized communities and multiple unmea-
sured mechanisms likely put Hispanic and Black individuals at higher
risk for COVID-19 infection (Zalla et al., 2021). For example, due to the
differential application of environmental regulations, Black and His-
panic people are more likely to live in communities with poorer air
quality (Jones et al., 2014) which may exacerbate infection risk (Fat-
torini and Regoli, 2020). Future research exploring important yet un-
measured contextual factors shaped by structural racism is critically
needed to expand our understanding of the association between struc-
tural racism and racial/ethnic disparities in COVID-19 via the social
determinants of health.

While vaccines are now widely available in the U.S., COVID-19 cases
are quickly rising yet again due to the surge in infections caused by new
variants (CDC, 2022b). Racial/ethnic minorities appear to still be
disproportionately affected by new COVID-19 surges (Andrasfay and
Goldman, 2022; CDC, 2022b). Our study suggests that several key social
determinants of health influence the risk of COVID-19 but the influence
of structural racism on COVID-19 infection goes beyond these factors to
contribute to racial/ethnic disparities. Future research should continue
to explore the proximate determinants of these racial/ethnic inequalities
because such information is necessary to target policies and in-
terventions to block structural racism from influencing COVID-19 out-
comes and prevent further infection among people at high risk.
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