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Abstract
Background: Preliminary evidence from the COVID-19 pandemic shows the presence of health disparities, espe‑
cially in terms of morbidity and mortality. This study aimed to systematically review the evidence on the association
of racial/ethnic and socioeconomic status (SES) with health outcomes and access to healthcare services during the
COVID-19 pandemic.
Methods: We retrieved published evidence from late December 2019 through March 1, 2021. The target population
was the population of the countries during the COVID-19 pandemic. The exposures were defined as belonging to
racial/ethnic minority groups and/or low SES. The primary outcomes of interest include (1) death from COVID-19, (2)
COVID-19 incidence/infection, (3) COVID-19 hospitalization, (4) ICU admission, (5) need for mechanical ventilation, (6)
confirmed diagnosis, and (7) access to testing. We systematically synthesized the findings from different studies and
provided a narrative explanation of the results.
Results: After removing the duplicate results and screening for relevant titles and abstracts, 77 studies were selected
for full-text review. Finally, 52 studies were included in the review. The majority of the studies were from the United
States (37 studies). Despite the significant incongruity among the studies, most of them showed that racial/ethnic
minority groups had higher risks of COVID-19 infection and hospitalization, confirmed diagnosis, and death. Addition‑
ally, most of the studies cited factors such as low level of education, poverty, poor housing conditions, low household
income, speaking in a language other than the national language in a country, and living in overcrowded house‑
holds as risk factors of COVID-19 incidence/infection, death, and confirmed diagnosis. However, findings in terms of
the association of lack of health insurance coverage and unemployment with the outcome measures as well as the
association of requiring mechanical ventilation, ICU admission, and access to testing for COVID-19 with race/ethnicity
were limited and inconsistent.
Conclusion: It is evident that racial/ethnic minority groups and those from low SES are more vulnerable to COVID-19;
therefore, public health policymakers, practitioners, and clinicians should be aware of these inequalities and strive to
narrow the gap by focusing on vulnerable populations. This systematic review also revealed a major incongruity in the
definition of the racial/ethnic minority groups and SES among the studies.
Systematic review registration: PROSPERO CRD42020190105.
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Background
Since its first reported case in late December 2019 in
Wuhan, China, and rapid global spread, Coronavirus Disease 2019 (COVID-19) has resulted in devastating consequences [1, 2] and was declared as a global public health
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emergency on March 11, 2020, by the World Health
Organization (WHO) [3]. Due to the absence of confirmed treatment and vaccination for about 12 months
after the onset of the outbreak, most of the research
was focused on clinical, pharmaceutical, and epidemiological aspects of the pandemic [3, 4]. Nevertheless, this
does not downplay the role of public health in ensuring
equity in access to needed services [5].
Racial/ethnic and Socioeconomic Status (SES) disparities in health are prominent [6–8] and have been linked
directly or indirectly to individual life expectancy and
mortality [9]. Evidence shows a connection between
lower SES and higher risk of infectious diseases’ incidence and severity [10–12]. Therefore, narrowing the
disparity gaps or eradicating racial/ethnic and SES disparities is a public health priority [13]. This calls for
research studies to identify and understand the status
of disparities across different population groups [7, 14].
Because their specific SES can potentially influence the
incidence and severity of the disease in various ways,
populations of low-SES and racial/ethnic minority groups
should be considered as high-risk populations during the
epidemics [15].
Racial/ethnic and SES disparities are observed in the
health care utilization and health outcomes of populations during the COVID-19 pandemic, especially in terms
of morbidity and mortality [5, 16, 17]. Gross disparities in
hospitalization rates and mortality between racial/ethnic
groups in the context of COVID-19 highlight the shortcomings of public health strategies in achieving “optimal
health for all” [5, 18]. For instance, several studies have
shown disproportionate adverse effects of COVID-19 on
African Americans [16, 19–21]. Disparities in COVID-19
is not merely a concern of developed countries. It may
affect Low- and Middle-Income Countries (LMICs) even
more severely [22–24]. Nevertheless, many LMICs do
not have appropriate surveillance systems and responsive healthcare infrastructures [25] to address such issues
reliably.
It is well-documented that individuals from low-SES
or racial/ethnic minority groups are more vulnerable to
COVID-19 [12, 26, 27]. It is crucial to explore the racial/
ethnic and SES disparities to reach a precise understanding of the presence and extent of potential disparities in
the context of COVID-19. Additionally, several commentaries and editorials have highlighted the essential need
for exploring the disparities in COVID-19 to conduct
early interventions [5, 28–30]. Although some studies
suggest the existence of racial/ethnic and SES disparities
in COVID-19, the evidence is inconsistent. For example, while some studies reported higher mortality rates
in racial/ethnic minority groups [12, 31, 32], some other
studies did not report such differences by race/ethnicity
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[33, 34]. Conducting a review study to systematically
collect data and synthesize the findings from different
studies may provide researchers and policymakers with
insights into possible disparities in COVID-19.
Although a review study has rigorously examined
the disparities in the era of COVID-19, this study has
focused only on clinical outcomes with a narrower focus
on race/ethnicity [30]. We have included a broader range
of outcomes in the racial/ethnic minority groups and
low SES populations. Two main objectives of this study
include (1) to systematically review the evidence on the
association of race/ethnicity with health outcomes and
health resources in the context of COVID-19, and (2) to
systematically review the evidence on the association of
SES with health outcomes and healthcare resources in
the context of COVID-19.

Methods
This systematic review adheres to the four-step flowchart
suggested by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement
[35].
Eligibility criteria for the inclusion of studies
Population

The target population includes the population of countries during the pandemic of COVID-19.
Exposure

The exposure is defined as belonging to racial/ethnic
minority and/or low-SES populations. A framework
showing the types and definitions of the exposures is presented in Fig. 1.
Outcomes

The main outcomes of interest include 1) death from
COVID-19, 2) COVID-19 incidence/infection, 3)
COVID-19 hospitalization, 4) ICU admission for
COVID-19, 5) need for mechanical ventilation, 6) confirmed diagnosis for COVID-19, and 7) access to testing
for COVID-19.
Types of studies

We included empirical English-language peer-reviewed
observational studies in the review. We excluded the
non-peer-reviewed papers, editorials, reviews, commentaries, mathematical modeling reports, and methodological and conceptual papers from the review.
Search strategy and information sources

Keywords were identified in three main domains—coronavirus infectious disease, disparity, and racial/ethnic minority groups—through a rapid literature review
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Fig. 1 Characteristics and definition of the exposures and types of the outcome measures

Table 1 key terms for database search strategy
Concept 1:
Coronavirus Disease 2019

Concept 2:
Concept 3:
Outcomes/Access Race, Ethnicity, SES

COVID-19 OR COVID19

Access

Ethnicity OR Disparity

SARS-CoV-2

Mortality

Race OR Minority

Coronavirus 2019

Morbidity

Inequity

2019-nCoV OR 2019ncov

Hospitalization

Socioeconomic

coronavirus disease-19

Utilization

Poverty

Search strategy: 1 AND 2 AND 3

and using medical subject heading (MeSh) and Embase
subject headings (EMTREE) (Table 1). An experienced
medical librarian contributed to the development of the
preliminary search strategy. In the first step, we searched
each of the domains independently, followed by a comprehensive search using a composition of all domains
to ensure that the final search strategy was appropriate.
Complete search strategies are provided in the supplementary file (Additional file 1 in supplementary files)

We searched major electronic databases (from late 2019
onwards), including Medline (via PubMed), Web of Science, Cochrane Library, Scopus, CINAHL, and Embase,
on November 20, 2020, and updated on March 1, 2021.
Moreover, we searched the references and citation lists of
relevant studies, Google Scholar search engine, preprint
sources such as medRxiv, WHO website, and other relevant sources to identify the relevant studies.
Data management and extraction

After pooling all search results in the Endnote reference
management software program and removing duplicated
results, two reviewers screened the titles/abstracts to find
all relevant studies (KG and SA). Then, two researchers
carefully read the full text of the relevant studies based
on the eligibility criteria (SI and AK). Three authors (SI,
AK, and DN) extracted essential information and entered
it into the data extraction table designed in Microsoft
Word. The extraction form contained items such as bibliographic information, type of study, participants and
sample size, race/ethnicity ascertainment source, study
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settings, data source, exposure and outcomes, and main
results (See Additional file 2 in supplementary files).
The investigators conducted a pilot test of three articles
to ensure the validity of the data extraction form before
starting the main data extraction.
Assessment of methodological quality

Using standardized critical appraisal instruments for
observational studies from Joanna Briggs Institute (JBI)
[36], two investigators (SA and DN) independently
assessed the quality of eligible studies. This measure was taken to confirm the internal validity of the
review’s findings and prevent problems of spurious precision due to confounded or biased statistics. The studies were divided into three categories: cross-sectional
studies, cohort studies, and case-control studies, and
relevant checklists were used to assess each study type.
The evaluation checklists included 8, 11, and 10 questions for cross-sectional, cohort, and case-control studies, respectively. The answers to each item in these tools
were “Yes”, “No”, “Unclear” or “Not applicable”. The
answer “yes” was assigned the score “1” and answers “no”,
“cannot be answered,” or “not applicable” were scored
“0”. The quality score of each study was calculated and
reported as a percentage. The final score for each study
was given by agreement between the two evaluators. Any

Fig. 2 Prisma diagram for study selection
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disagreement among the two investigators was addressed
and solved by discussing it with the other authors.
Data synthesis

Due to the high level of heterogeneity in the study settings, participants, and methods, as well as different types
of exposures and outcome measures, we did not conduct
Meta-analysis. By aggregating the information extracted
from each manuscript, we synthesized and organized the
results from the included studies. We also explained the
main results in narrative and tabular formats.

Results
Our search in major electronic databases yielded 13,558
results. After removing the repetitive results and screening for relevant title/abstracts, 77 studies were selected
for full-text review. Finally, 52 studies were included
in the review [22–24, 26, 27, 32–34, 37–80]. The study
selection process and reasons for excluding the studies
after full-text review are presented in Fig. 2.
The quality assessment results of the included studies
showed that the average score of cross-sectional studies
was 86.25%, cohort studies was 90.9%, and case-control
studies was 100%. Among the cross-sectional studies,
one of the most problematic items was strategies to deal
with confounding factors stated. Among cohort studies,
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strategies to address incomplete follow-up was the main
problem (See Additional file 3 in the supplementary files).
The majority of the studies were from the United States
(37 studies). Studies have targeted different race/ethnicity and SES characteristics to examine the disparities
in COVID-19 outcomes. Almost all studies used selfreported data on race/ethnicity, either already documented in the database they used for data collection, or
gathered and recorded in the patients’ medical documents. A total of 29 out of 52 studies examined the disparities using individual-level data.
Racial/ethnic disparities and COVID‑19 outcomes

A total of 40 studies examined the association between
race/ethnicity and COVID-19 outcomes, including
the risk of incidence/infection, confirmed diagnosis,
access to testing, hospitalization, ICU admission, death,
and need for mechanical ventilation. According to the
results of 11 studies [32, 33, 37, 43, 47, 55, 74, 75, 77, 79,
80] some disadvantaged racial/ethnic minority groups
were at a higher risk of COVID-19 infection compared
to their White counterparts or those from racial/ethnic
majority groups in the region. In contrast, one study from
the US did not report a significant association between
a higher proportion of Black or Asian residents and a
higher risk of COVID-19 incidence/infection [68].
Concerning COVID-19 deaths, nine studies [33, 42,
44, 48, 57, 61, 64, 65, 68] did not report significant associations between race/ethnicity and risk of COVID-19
death; 11 studies [23, 26, 32, 39, 46, 47, 55, 59, 69, 74, 79,
80] reported that racial/ethnic minority groups were at
greater risk of dying from COVID-19. However, in contrast, two studies showed reverse association [49, 50].
There was also incongruity in the results of other studies [37, 41, 60, 62, 63, 66]. For example, a study in the US
showed a statistically significantly increased hazard of inhospital mortality for Hispanics and Asians. Nevertheless, there was no significant increased risk of in-hospital
mortality for African Americans compared to Whites
[60]. Another study from the US also concluded that Hispanics were two times more likely to die from COVID-19
than Whites, while there was a nonsignificant difference
comparing Blacks and Whites [41]. According to another
study from the US, compared with non-Hispanic White
patients, Black patients and Hispanic patients were at
a lower risk of death from COVID-19, whereas Asian
patients had a higher risk of mortality [62]. Another
study showed that although the US population of South
Asians was at a higher risk of COVID-19 death compared
with the rest of the population, there was no significantly
higher risk of COVID-19 death for Blacks [63]. One study
from the United Kingdom showed that whereas the risk
of COVID-19 death was not statistically significantly
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different between Black or Mixed/Other racial/ethnic populations compared to Whites, Asians showed a
higher risk of COVID-19 death than Whites [66]. A study
from the US reported that while African American population was at a higher risk of death from COVID-19, this
was not the case for Asians [37].
Concerning confirmed diagnosis, ten studies [27, 33,
41, 48, 50, 57, 58, 61, 67, 72] showed that racial/ethnic
minority groups were more likely to have positive test
results than the rest of the population tested for COVID19. However, some studies reported inconsistent results
for different racial/ethnic groups. For example, a study
from the US showed a statistically significant association
between the positive COVID-19 test results and belonging to Black, Hispanic, or Asian racial/ethnic populations.
However, this association was reversed for the non-Hispanic Asian population living in the high-density populated areas [51]. On the other hand, one study showed
that while the Latinx ethnic group had a higher likelihood
of positive test results than non-Latinx patients, Black
patients had fewer positive test results than non-Black
patients [56]. See Table 2 for more information.
A few studies examined the access to testing for
COVID-19 among different racial/ethnic groups. One
study showed that Black populations were more likely to
get tested for COVID-19 than Hispanic and White populations [61]. One study did not report significant differences between race/ethnicity and testing for COVID-19
[68]. One study reported that racial/ethnic minority
groups, including non-Hispanic Black, Hispanic, and
Asian populations had lower population-weighted travel
time to the testing sites than White populations [75]. In
contrast, another study showed that areas with a higher
proportion of the White population had a higher number of total tests [67]. One study showed that compared
to other racial/ethnic groups (including Whites, Asians,
and Hispanics), a smaller percentage of African Americans were tested for COVID-19 in an ambulatory setting.
Most African Americans were tested in hospitals, either
in the emergency department or during inpatient hospitalization [34].
Nine studies [33, 34, 41, 44, 47, 48, 54, 57, 66] showed
that the racial/ethnic minority populations were more
likely to be hospitalized for COVID-19 than majority
racial/ethnic groups or the rest of the population. Nonetheless, one study from the US reported inconsistent
results showing that while the Blacks were about twice
as likely as Whites to be hospitalized for COVID-19, no
statistically significant differences were found comparing
Hispanics and non-Hispanic Whites [60]. Another study
from the US found that although Asians were more likely
to require hospitalization for COVID-19 than Whites, no

Type of study; Country;
setting

Ecological study;
US;
369 counties from seven most
affected states.

Retrospective cohort study;
US;
University of Chicago.

Author/ year

(Abedi et al., 2020) [37]

(Adegunsoye et al., 2020) [33]

Table 2 Summary of the results of included studies

N = 4413 patients tested for
COVID-19 from January 1 to
April, 15, 2020.
Black (58%)
White (24%)
Other (18%)

N = 369 counties with
102,178,117 population

Participants/ Sample size

Black

Black;
Asian;
Hispanic;
Insurance;
Poverty;
Income;
Education.

Exposure

Covid-19 infection;
Covid-19 death;
Hospitalization;
Confirmed diagnosis.

COVID-19 infection;
COVID-19 death.

Outcome measures

▪ Risk of Covid-19 infection in
Black race was 3.3 times higher
compared to whites.
▪ Risk of Covid-19 hospitalization
was 3.8 times higher for Black
race compared to whites.
▪ Age-adjusted SARS-CoV-2 posi‑
tivity rate (0.14) remained higher
in Black individuals compared
with non-Black individuals (0.19
vs. 0.07).
▪ There were no observed racial
differences in mortality among
all SARS-CoV-2–positive patients
in the entire cohort.

▪ Counties with a higher median
income had a higher rate of
infection.
▪ A higher percentage of Asians,
or Blacks, or Hispanics were
associated with a higher rate of
infection while a higher percent‑
age of non-Hispanic Whites was
associated with a lower rate of
COVID-19.
▪ There were no significant asso‑
ciations between percentage of
uninsured and risk of COVID-19
infection.
▪ Higher percentage of people
under the poverty level (for all
the races analyzed in this study),
or a higher percentage of people
on Medicaid were significantly
associated with higher mortality
in the counties.
▪ African American population
was at higher risk of mortal‑
ity from COVID-19, conversely,
Asians were not.

Results

Khanijahani et al. International Journal for Equity in Health
(2021) 20:248
Page 6 of 30

Type of study; Country;
setting

Cross-sectional study;
US;
Urban US counties at 10 major
us cities with early surges of
covid-19 infections.

cross sectional ecological
study;
US;
3135 US counties.

Prospective cohort study;
England

Author/ year

(Adhikari et al., 2020) [32]

(Ahmad et al., 2020) [38]

(Aldridge et al., 2020) [39]

Table 2 (continued)

N = 16,272 deaths from
COVID-19
Asian (8%)
Black (6%)
Mixed, other (2%)
White (81%)

N = 3135 US counties

N = 158 counties

Participants/ Sample size

Minority ethnic group: Black
African, Black Caribbean, Paki‑
stani, Bangladeshi and Indian.

Percentage of households in
a county with poor housing
condition

Minority (not specified):
categorizing counties as Sub‑
stantially White, Less diverse,
More diverse, and Substantially
non-White;

Exposure

COVID-19 death (standardized
mortality ratios (SMRs)

Incidence rate ratios (per
100,000);
Mortality rate ratios (per
100,000);

Cumulative incidence (per
100,000);
COVID-19 death
(per 100,000).

Outcome measures

▪ Adjusting for region, there was
a lower risk of death for White
Irish and White British ethnic
groups, but increased risk of
death for Black African, Black
Caribbean, Pakistani, Bangla‑
deshi and Indian minority ethnic
groups.

▪ In the adjusted models
standardized by county popula‑
tion, with each 5% increase in
percent households with poor
housing conditions, there was
a 50% higher risk of COVID-19
incidence and a 42% higher risk
of COVID-19 mortality.

▪ In more-poverty coun‑
ties, those with substantially
non-White populations had an
infection rate 7.8 times that of
counties with substantially White
populations and had a death
rate 9.3 times greater.
▪ Among both more-poverty
and less-poverty counties, those
with substantially non-White or
more diverse populations had
higher expected cumulative
COVID-19 incident infections
compared with counties with
substantially White or lessdiverse populations.
▪ Among both more-poverty
and less-poverty counties, those
with substantially non-White
or more diverse populations
had higher observed COVID-19
deaths rate.

Results
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Type of study; Country;
setting

Retrospective cohort study; US;
Sutter Health, a large not-forprofit integrated health
system in northern California.

Cross-sectional observational
study;
Brazil;
Central-south region (Cs) and
north region (n)

Author/ year

(Azar et al., 2020) [34]

(Baqui et al., 2020) [22]

Table 2 (continued)

N = 11,321 patients with‑
COVID-19
White (27.8% n; 58.7% Cs)
Pardo (61.5% n; 33.2% Cs)
Black (8.8% n; 6.8% Cs)
East Asian (1.2% n; 1.1% Cs)
Indigenous (0.7% n; 0.3% Cs)

Group1 N = 14,036 patients
who were tested for COVID-19
from January 1–April 8, 2020
Group2 N = 1052 confirmed
cases of COVID-19 By April 8
Non-Hispanic White (89%)
Asian (22%)
African American (12.5%)
American Indian/Pacific
Islander (0.9%)
Hispanic (44.9%)
Other (30.8%)

Participants/ Sample size

Black

African American;
Household income (median
income level by Census ZIP
Code Tabulation
Areas (ZCTAs) categorized by
quartiles);
Insurance.

Exposure

COVID-19 deaths

COVID-19 testing;
COVID-19 hospitalization

Outcome measures

▪ Compared with White Brazil‑
ians, Pardo Brazilians had 45%
and Black Brazilians had 58%
higher risk of mortality for
Covid-19.

▪ A smaller percentage of African
Americans (29.9%) were tested
for COVID-19 in an ambulatory
setting compared to whites
(56.0%), Asians (60.0%), and
Hispanics (53.8%) (exhibit 2). The
majority of African Americans
were tested in hospitals, either
in the emergency department
(37.8%) or as inpatients (32.3%).
▪ The likelihood of hospital
admission for African Americans
was 2.7 times higher than that
of whites.
▪ People with Medicaid or who
were self-pay or had no reported
insurance had twice the odds
of being admitted, compared
to those with commercial insur‑
ance.
▪ COVID-19 positive patients
residing in ZIP codes within the
top two quartiles of income
(quartiles 3 and 4) were less
likely to be admitted to the
hospital than those residing in
the bottom quartile ZIP code
(OR = 0.24 and 0.55 for the top
two quartiles).

Results
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Population-based cohort study; N = 7,775,064 individuals with Lower education;
Sweden
an average follow-up time of
Lower income;
56 days amounting to a total of Immigrants.
1,189,484 person-years under
observation.

Cross-sectional study;
US;
Milwaukee and
Southeast Wisconsin

(Drefahl et al., 2020) [40]

(Egede et al., 2020) [41]

N = 31,549 adults tested for
COVID-19 between March 1
and July 10, 2020
Non-Hispanic White (75.4%)
Non-Hispanic Black (19.8%)
Hispanic (4.8%)

Non-Hispanic Black;
Hispanic.

N = 3802 SARS-CoV-2 test
Black;
results
Urban;
White (65.7%)
Deprivation.
Asian (4.0%)
Black (1.5%)
Mixed, other, unknown (28.8%)

Cross-sectional study;
UK

Exposure

(de Lusignan et al., 2020) [27]

Participants/ Sample size

Type of study; Country;
setting

Author/ year

Table 2 (continued)

Confirmed diagnosis;
Hospitalization;
COVID-19 death.

COVID-19 deaths

Confirmed diagnosis

Outcome measures

▪ In adjusted analyses, Blacks
were 3.7 times more likely and
Hispanics were 3.1 times more
likely to have a positive COVID19 test compared with Whites.
▪ Among those who had a
positive COVID-19 test, members
of minority groups (Blacks or
Hispanics) were two times
more likely to be hospitalized
compared with Whites after
adjustment for demographics
and comorbidities.
▪ After adjustment, compared
with Whites, Hispanics were two
times more likely to die, and
there was a small but statistically
nonsignificant difference for
Blacks.

▪ In working ages, those in the
lowest income tertile were 5.4
times more likely to die from
COVID-19 than those in the
highest tertile.
▪ In working ages, those with
primary or secondary education
were more than twice as likely
to die relative to those with post‑
secondary education.
▪ Immigrants from low and
middle-income countries were
approximately twice as likely to
die, as compared to individuals
born in Sweden.

▪ Compared with white people,
the adjusted odds of a positive
test were 4.75 times greater in
black people.
▪ People living in urban areas
versus rural areas were 4.59
times more likely to test positive.
▪ People living in more deprived
areas were 2.03 times more likely
to test positive.

Results
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Type of study; Country;
setting

Cross-sectional study;
Ireland;
An Irish hospital

Cross-sectional study;
US;
An exclusively pediatric drivethrough and walk-up SARSCoV-2 testing site.

Author/ year

(Farrell et al., 2020) [42]

(Goyal et al., 2020) [43]

Table 2 (continued)

Non-Irish White;
Black, Asian or minority ethnic
(BAME);
Deprivation.

Exposure

N = 1000 children (0 and
non-Hispanic Black; Hispanic;
22 years) tested for SARS-CoV-2 Family income;
infection
non-Hispanic (NH)-white
(20.3%)
NH-black (30.4%)
Hispanic (22.9%)
Other, unknown (26.4%)

N = 257 patients admitted
with a diagnosis of SARS-CoV-2
infection diagnosed between
March 13 and May 1, 2020.
White–Irish n = 164 (63.8%)
White–other n = 44 (17.1%)
BAME n = 49 (24.1%)

Participants/ Sample size

COVID-19 infection

COVID-19 death;
ICU admission.

Outcome measures

▪ In comparison with non-His‑
panic white children, non-His‑
panic Black had 2.3 times higher
rates of infection and Hispanic
had 6.3 times higher infection.
▪ In comparison with children
in the highest median family
income quartile, infection rates
were 2.6 times higher among
children in quartile 3, 2.3 times
higher among those in quartile
2, and 2.4 times higher among
those in quartile 1.

▪ Deprivation was a strong
predictor of mortality, even after
adjustment for age, one per‑
centage point increase in
deprivation was associated with
a 5% increase in mortality.
▪ Patients from care homes were
24% more likely to die than com‑
munity patients after adjusting
for age.
▪ Compared with White Irish
people, those of other White or
BAME ethnicities did not have an
increased risk of hospital death,
after adjusting for age. This was
also the case when ethnicity
was broken down into further
subcategories.
▪ After adjusting for age, depri‑
vation was not associated with
admittance to ICU.
▪ Compared with White Irish
patients, all other ethnic groups
including other White or other
BAME had an approximately
fourfold increased risk of ICU
admittance after adjusting for
age.

Results
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Type of study; Country;
setting

Retrospective cohort study;
US;
At the University of Michigan.

Ecological study;
US;
Massachusetts

Author/ year

(Gu et al., 2020) [44]

(Hawkins, 2020) [45]

Table 2 (continued)

N = 87,256 cases of COVID-19
diagnosed in MA between
January 1, 2020 and June 10,
2020.

N = 5698 patients tested or
treated for COVID-19 from
March 10, 2020, to April 22,
2020.
White (65.6%)
Black (18.6%)
Other, Unknown (15.7%)

Participants/ Sample size
Hospitalization;
ICU admission;
COVID-19 death.

Outcome measures

Lower social determinants
COVID-19 infection;
of health (varia,bles: poverty,
COVID-19 testing;
Median income, occupations,
Confirmed diagnosis.
residents who rented, residents
who were uninsured, Unem‑
ployment rate)

Black ethnic group;
Populated living area

Exposure

▪ Cities and towns with a higher
percentage of residents living
in poverty and lower median
incomes tended to have
elevated rates of COVID-19.
▪ With respect to employment,
cities and towns with more
workers employed in the health‑
care and social assistance and
transportation industries and in
service and healthcare support
occupations also tended to have
higher rates of COVID 19.
▪ Communities with a higher
proportion of their population
renting and uninsured had
elevated COVID-19 rates.
▪ Cities and towns with higher
levels of poverty, renting, lack
of insurance, lower median
incomes, andhigher employ‑
ment in the transportation
industry and service and
healthcare support occupations
tended to have a higher percent‑
age of positive tests.

▪ Adjusting for age, sex, socioec‑
onomic status, and comorbidity
score, Black patients were 72%
more likely to be hospitalized
compared with White patients.
▪ People living in densely
populated areas had 10% higher
risk of hospitalization than those
non- densely populated areas.
▪ No statistically significant racial
differences were found in ICU
admission and mortality based
on adjusted analysis.

Results
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Type of study; Country;
setting

Cross-sectional ecologic
design;
US;
Selected states based on
disparity in the previous
epidemics.

Continuum construction;
US;
New York State.

Longitudinal cohort study;
US;
Department of Veterans Affairs
(VA) national health care
system.

Single-institution retrospective
cohort study;
US;
Urban quaternary-care aca‑
demic
medical center with affiliated
community health centers.

Author/ year

(Holmes et al., 2020) [46]

(Holtgrave et al., 2020) [47]

(Ioannou et al., 2020) [48]

(Joseph et al., 2020) [49]

Table 2 (continued)

Black ethnicity

Black non-Hispanic;
Hispanic.

Black African American (Black/
AA)

Exposure

N = 326 Patients hospitalized
non-White (ie, Hispanic,
with COVID-19 between March Black, Asian, or other)
17, 2020, and April 10, 2020.
White (non-Hispanic) n = 116
(35.6%)
Black n = 27 (8%)
Asian n = 10 (3%)
Hispanic n = 142 (43.6%)
Other/unavailable n = 31
(9.5%)

N = 88,747 patients
tested for SARS-CoV-2
between Feburary 28 and May
14, 2020.
White (49.6%)
Black (41.6%)
Other, unknown (8.9%)

N = 13,990,900 adults 18 years
or older of NY
Non-Hispanic white (64%)
Non-Hispanic Black (16%)
Hispanic (19%)

N = about five states
% of population
Blacks/AA 13%

Participants/ Sample size

ICU admission;
COVID-19 death

Hospitalization;
Mechanical ventilation;
COVID-19 death;
Confirmed diagnosis

COVID-19 death
Hospitalization;
COVID-19 infection

Case fatality

Outcome measures

▪ Among White or non-Hispanic
patients (n = 116), 90 (78%)
required supplemental oxygen,
36 (31%) were admitted to
the intensive care unit, 29
(25%) were intubated, and 27
(23%) died. Among non- White
patients (n = 210), 153 (73%)
required supplemental oxygen,
83 (40%) were admitted to the
intensive care unit, 72 (34%)
were intubated, and 19 (9%)
died.

▪ Compared with individuals
who tested negative, those
testing positive were more likely
to be Black individuals (19,340
[24.6%] vs 4215 [41.6%]).
▪ Compared with White patients,
Black patients were 13% more
likely to be hospitalized and 52%
more likely to receive mechani‑
cal ventilation but no more likely
to die from COVID-19.

▪ Compared with white non-His‑
panic adults, Black non-Hispanic
and Hispanic had approximately
doubling risk of infection.
▪ Compared with white non-His‑
panic adults, Black non-Hispanics
were 4.55 times and Hispanics
were 4.36 times at higher risk of
hospitalization fro COVID-19.
▪ Compared with white non-His‑
panic adults, Black non-Hispanics
were 6 times and Hispanics were
4 times at higher risk of death
from COVID-19.

▪ Blac/AA had 8% higher risk of
death from COVID-19 compared
with white population.
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Type of study; Country;
setting

Cohort study;
US;
Montefiore Medical Center in
New York.

Cohort study;
US;
All 50 states and the District of
Columbia.

Prospective cohort study;
England,
Glasgow, and Lanarkshire;
Three acute hospitals.

Cross-sectional study;
US;
Three hospitals and more than
300 clinics across the Puget
Sound.

Author/ year

(Kabarriti et al., 2020) [50]

(Kaufman et al., 2020) [51]

(Khan et al., 2020) [52]

(Kim et al., 2020) [53]

Table 2 (continued)
Exposure
Confirmed diagnosis;
Case fatality rates

Outcome measures

Confirmed diagnosis;
Completed testing.

Low Socioeconomic status
Need for intubation;
(SES) based on Scottish index
COVID-19 death.
for multiple deprivation (SIMD):
more deprived (SIMD 1–5) and
less deprived (SIMD 6–10)

Black non-Hispanic community Trends of confirmed cases
and Hispanic community

N = 562,242 patients with at
Non-English speakers
least 1 encounter in the system
from January 1, 2019, to Febru‑
ary 28, 2020.
non-English speakers (6.0%)

N = 172 hospitalized patients
with confirmed COVID-19.

N = 2,331,175 patients with
positive SARSCoV2 NAAT test result.
Black non-Hispanic (12.4%)
Hispanic (22.1%)
White non-Hispanic (56.1%)
Asian, other (9.4%)

N = 9268 patients tested for
Hispanic and non-Hispanic
COVID-19 between March 14
Black
and April 15, 2020.
Non-Hispanic White (8.6%)
Non-Hispanic Black (32.8%)
Hispanic (32.3%)
Asian, Other, Unknown (26.3%)

Participants/ Sample size

▪ Non-English speakers were
overall 16% less likely to have
completed testing compared
with English-speakers.
▪ Notably, the proportion of
positive cases was 4.6-fold
higher among non-English
speakers overall compared with
English speakers.

▪ When comparing SIMD 1 to
SMID 10, the rate of hospitaliza‑
tion was similar (0.03% vs 0.03%;
P = .926).
▪ There is no statistically signifi‑
cant difference in both groups
for transfer to critical care,
intubation, 30-day all-cause mor‑
tality, and overall poor outcome.

▪ There was an increasing trend
in SARS-CoV-2 NAAT positiv‑
ity across Black non-Hispanic
community progressive quintiles
(from 7.8 to 17.2%) and His‑
panic community progressive
quintiles (from 8.4 to 15.5%)
and a decreasing trend across
White non-Hispanic community
progressive quintiles (from 17.4
to 7.1%).

▪ Hispanic and non-Hispanic
Black patients were approxi‑
mately 23% and 29%, respec‑
tively, more likely to test
positive for COVID-19 than White
patients.
▪ While controlling for age,
sex, socioeconomic status and
comorbidities, patients identify‑
ing as Hispanic were 23% and
non-Hispanic Black were 31%
less likely to die compared with
non-Hispanic White patients.

Results
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Type of study; Country;
setting

Community-based cohort
study;
England

Correlation analysis;
US;
National

Retrospective cohort study;
US;
Northern California
Alameda Health System (AHS).

Author/ year

(Lassale et al., 2020) [54]

(Mahajan & Larkins-Pettigrew,
2020) [55]

(Misa et al., 2020) [56]

Table 2 (continued)

N = 526 patients tested for
COVID-19.
Black (40.7%)
Latinx (26.4%)
White (15.8%)
Asian (7.8%)
Other, Unknown (9.4%)

N = 2886 counties

N = 428,494 participants from
UK biobank.

Participants/ Sample size

Latinx;
Black;
Asian

African–Americans;
Asian–Americans

Ethnic minority groups

Exposure

Confirmed diagnosis

Conformed cases;
COVID-19 Death;

Hospitalization

Outcome measures

▪ Latinx ethnicity had 9.6 times
higher likelihood of positive
test results compared with nonLatinx patients. In contrast, Black
patients had 0.3 times lower risk
of positive test results compared
with non-Black patients. Asian
ethnicity was not associated
with odds of confirmed diag‑
nosis.

▪ A positive correlation existed
between percentages of Afri‑
can–Americans living in a county
and who have COVID-19, who
have died from COVID-19, and
case mortality.
▪ There was also a positive cor‑
relation between percentage
of Asian–Americans living in a
county and percentage who
have COVID-19 in that county
and percentage who have died
from COVID-19 in that county.
▪ There was a negative correla‑
tion between percentage of
Whites living in a county and
percentage who have COVID-19
in that county and percentage
who have died from COVID-19 in
that county.

▪ After adjusting for age and sex,
compared to the White popula‑
tion, Black individuals had over a
4-fold increased risk of COVID-19
infection (Hospitalization), and
there was a doubling of risk in
the Asian group and the ‘other’
non-white group.
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Type of study; Country;
setting

Cross-sectional study;
US;
Froedtert Health and Medical
College of Wisconsin (Milwau‑
kee).

prospective cohort
study;
UK;
UK Biobank in
England.

Author/ year

(Munoz-Price et al., 2020) [57]

(Niedzwiedz et al., 2020) [58]

Table 2 (continued)

N = 392,116 participants
White (94.7)
South Asian (1.9)
Black (1.6)
Others (1.8)

N = 2595 consecutive adults
tested for COVID-19 from
March 12 to March 31, 2020.
African American (30.2%)
White (62.3%)
Other (7.4%)

Participants/ Sample size

Black and South Asian;
Deprivation: 4 quartiles

Black;
Poverty status (ie, uninsured or
receiving Medicaid)

Exposure

Confirmed diagnosis

Confirmed diagnosis;
Hospitalization;
ICU admission;
Mechanical
Ventilation;
COVID-19 death

Outcome measures

▪ Black and south Asian groups
were were 3.35 and 2.42, respec‑
tively, times more likely to test
positive.
▪ Socioeconomic deprivation
was associated with a higher
risk of confirmed infection so
that the most deprived quartile
was 2.19 times at higher risk of
confirmed infection compared
to least deprived quartile.

▪ Regardless of SES, African
American patients were 5.37
times more likely to test positive
for the virus than persons of
other races.
▪ There were no significant asso‑
ciations between poverty status
and confirmed diagnosis.
▪ Adjusting for zip code of resi‑
dence, Black populations were at
1.8 times higher and those with
poverty were at 3.8 times higher
risk of hospitalization compared
with non-Black population and
non-poverty status respectively.
ICU admission/ ventilation/
mortality
▪ Poor populations were at 3.6
times higher risk of ICU admis‑
sion.
▪ There were no statistically
significant differences between
African American patients and
patients from other racial groups
in ICU admission among those
admitted.
▪ Results for mechanical ventila‑
tion and death indicated that
neither race nor poverty were
significantly associated with
these outcomes.
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Type of study; Country;
setting

Retrospective study;
US;
Texas counties

Single-center retrospective
cohort study;
US;
New York City (NYC);
university-affiliated NYC
hospital.

Retrospective cohort study;
US;
Veterans Affairs.

Author/ year

(Ojinnaka et al., 2020) [59]

(Renelus et al., 2020) [60]

(Rentsch et al., 2020) [61]

Table 2 (continued)

N = 5,834,543 individuals with
at least 1 clinical encounter
between January 1, 2018, and
December 31, 2019.
White (73.9%)
Black (18.7%)
Hispanic (7.5%)

N = 734 patients with COVID19
Blacks (50.7%),
Whites (29.2%),
Hispanics (12.5%),
Asians (2.7%)
Others (4.9)

N = 254 Texas counties
Mean ± SD
% non-Hispanic white
55.4 ± 21.04% Black
6.3 ± 6.40% Asian 1.3 ± 2.08%
Hispanic 35.3 ± 22.99

Participants/ Sample size

Black;
Hispanics.

Black;
Hispanics;
Asian.

African Americans/ Blacks;
Hispanics;
Unemployment

Exposure

COVID-19 testing;
Confirmed diagnosis;
30-day mortality;

COVID-19 Hospitalization;
In-hospital mortality.

COVID-19 death (per 100,000)

Outcome measures

▪ Black individuals were 13%
more likely to be tested than
Hispanic and 55% higher than
whites.
▪ Compared with White popula‑
tions, Black individuals were 1.9
times more likely and Hispanic
individuals were 1.8 times more
likely to test positive.
▪ 30-day mortality did not differ
by race/ethnicity.

▪ Blacks were nearly twice as
likely as Whites to require hospi‑
talization for COVID-19.
▪ There was no statistically
significant difference in odds
for COVID-19 hospitalization
between Hispanics and Whites.
▪ After adjusting for age and the
other variables, Hispanics along
with Asians had doubling haz‑
ards of in-hospital mortality.
▪ There was a non-significant
increased hazard of in-hospital
mortality among Blacks when
compared with Whites.

▪ We observed 5.08 and 4.5%
increase in COVID-19 deaths
with every 1% increase in the
proportion of African Americans/
Blacks and Hispanics respec‑
tively, but not for Asians.
▪ In addition, there was a
4% increase in COVID-19
deaths/100,000 with every 1%
increase in the proportion of
unemployed individuals.
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Type of study; Country;
setting

Retrospective data analysis;
US;
88 hospitals in the American
Heart Association (AHA)
COVID-19 CVD Registry.

Retrospective cohort study;
UK;
University Hospitals Birming‑
ham
NHS Foundation Trust (UHB) in
Birmingham.

cohort of SARSCoV2–infected patients;
Brazil;
Esp’ırito Santo state.

Author/ year

(Rodriguez et al., 2020) [62]

(Sapey et al., 2020) [63]

(Soares et al., 2020) [64]

Table 2 (continued)
Exposure

N = 10,713 patients with
COVID-19
White (35%)
Black/multiracial (42.1%)
Asian, indigenous, unknown
(22.9%)

Asian ethnic groups;
Black/multiracial groups

N = 2217 patients with COVID- Asian;
19
Black.
White (69.5)
Mixed/multiple (0.8)
South Asian/South Asian Brit‑
ish (18.5) Black/African/Carib‑
bean/black British (6.0)
Other, Unknown (5.2)

N = 8950 patients hospitalized Black ethnicity;
with COVID-19 from 1/17/2020 Hispanics ethnicity;
to 7/22/2020.
Asian ethnicity.
non-Hispanic White (59.3%),
Black (10.6%),
Hispanic (all races) (9%),
Asian (4.7%).

Participants/ Sample size

COVID-19 hospitalization;
in-hospital COVID-19 death

COVID-19 death while in
hospital or
post discharge

in-hospital mortality;

Outcome measures

▪ Asian ethnic groups were at 1.5
times higher risk of hospitaliza‑
tion compared to Withes.
▪ No significant association
were found regarding the risk of
hospitalization of Black/multira‑
cial groups.
▪ No significant association was
found between race/ethnicity of
any group and COVID-19 death
in hospitalized patients.

▪ South Asian ethnic popula‑
tions were at 30% higher risk of
death compared with the rest of
the population, after adjusting
for age, sex, deprivation and
comorbidities, and by propensity
score matching.
▪ No significant difference was
reported in adjusted model for
Black ethnic groups.

▪ Compared with non-Hispanic
White patients, risks of death
from COVID-19 were 7% less for
Black patients and 10% less for
Hispanic patients, in contrast,
and 31% higher for Asian
patients.
▪ Although in-hospital mortality
and MACE did not differ by race/
ethnicity after adjustment, Black
and Hispanic patients bore
a greater burden of mortal‑
ity and morbidity due to their
disproportionate representation
among COVID-19 hospitaliza‑
tions.

Results
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Cohort study; US;
92 hospitals in 12 states.

Case-control and a cohort
study;
UK;
King’s College
Hospital Foundation Trust
(KCHFT), which comprises two
separate hospitals in south
London.

(Yehia et al., 2020) [65]

(Zakeri et al., 2020) [66]

(Lieberman-Cribbin et al., 2020) Retrospective observational
[67]
study;
US;
New York City (NYC)

Type of study; Country;
setting

Author/ year

Table 2 (continued)
Exposure

177 ZIP code Tabulation
Areas (ZCTA) in NYC

n = consecutive adult patients
(age ≥ 18 years) with COVID-19
requiring emergency hospital
admission with a primary
diagnosis of, between 1 March
and 2 June 2020.
872 cases group; n = 3488
control group.

in-hospital COVID-19 death

Outcome measures

Hispanic;
SES index: household income,
gross rent,
poverty, education, working
class, unemployed, household
density.

Confirmed diagnosis;
The number of total tests

Black (African, Caribbean, any
COVID-19 hospitalization;
other Black);
Inhospital mortality
Asian (Indian,
Pakistani, Bangladeshi, Chinese,
any other Asian),

N = 11,210 adult hospitalized
Black ethnic groups
with COVID-19 between Febru‑ Insurance
ary 19, 2020, and May 31, 2020.
White (41%)
Black (37.3%)
With/other/ missing (21.7%)

Participants/ Sample size

▪ The number of total tests
significantly increased with the
increasing proportion of white
residents but not with increasing
Hispanic composition or SES
index score.
▪ The ratio of positive tests to
total tests significantly decreased
with the increasing proportion
of white residents in the ZCTA
and with increasing SES index
score.

▪ Adjusting for comorbidities
and deprivation, Black ethnicity
was associated with 2.2 times
and Mixed/Other ethnicity
was associated with 2.7 times
higher admission risk than white
ethnicity.
▪ Asian ethnicity was not associ‑
ated with higher admission risk
than whites.
▪ Black ethnicity was not associ‑
ated with in-hospital mortality.
▪ Asian ethnicity was associated
with 1.71 times higher inhospital
mortality but with a large confi‑
dence interval (1.15–2.56).

▪ After adjustment for age,
sex, insurance, comorbidities,
neighborhood deprivation, and
site of care, there was no statisti‑
cally significant difference in risk
of mortality between Black and
White patients (hazard ratio, 0.93;
95%CI, 0.80 to 1.09).
▪ Patients with Medicare
insurance had 1.5 times, and
individuals whose insurance
coverage was unknown had 2.2
times higher risk of mortality
than those with commercial
insurance.
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Type of study; Country;
setting

Retrospective study;
US

Retrospective cohort study;
Kuwait;
Jaber Al-Ahmad Hospital

Retrospective cohort study;
England and
Wales;
Residents of England and
Wales enumerated in private
households.

Author/ year

(Loomba et al., 2021) [68]

(Ali et al., 2021) [23]

(Ayoubkhani et al., 2020) [69]

Table 2 (continued)

N = 47,872,412 residents
White (86.4%)
Bangladeshi and Pakistani
(3.0%)
Black (3.2%)
Mixed, other (7.5%)

N = 405 patients with COVID19 between February 24 and
May 24, 2020.
Arabs (71.6%)
South Asians (28.4%)

N = 50 states

Participants/ Sample size

Black;
Bangladeshi/Pakistani, Indian,
Mixed and Other ethnic back‑
grounds

South Asians group

Black;
Asian;
Insurance.

Exposure

COVID-19 death (agestandardized mortality rates
(ASMRs))

ICU admission;
COVID-19 death.

COVID-19 death;
Testing frequency;
COVID-19 infection,.

Outcome measures

▪ The ASMRs of COVID-19
mortality were greatest among
individuals identifying as Black
and lowest among those identi‑
fying as White.
▪ The rate of COVID-19 death
was 3.13 times greater for Black
males than for White males,
and 2.40 times greater for Black
females than White females.
▪ People of Bangladeshi/Paki‑
stani, Indian, Mixed and Other
ethnic backgrounds also had
raised rates of death involving
COVID-19 compared with those
of White ethnicity.

▪ When compared to Arabs,
South Asians also had 6.3 times
higher odds of being admitted
to the ICU.
▪ South Asian patients showed
7.6 times higher odds of dying
from COVID-19.

▪ Lower prevalence of uninsured
were associated with greater
case frequency on univariate
analysis.
▪ Lower prevalence of uninsured
were associated with greater
testing frequency.
▪ Lower prevalence of uninsured
were associated with greater
percent mortality on univariate
linear regression analyses.
▪ No significant association
were found between higher
frequency of Black or Asian
residents and case frequency,
testing, and mortality on univari‑
ate analysis.
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Type of study; Country;
setting

Ecological study;
Spain;
Barcelona.

cross-sectional study;
US;
48 states/ regions

Author/ year

(Baena-Diez et al., 2020) [70]

(Boserup et al., 2020) [71]

Table 2 (continued)
Outcome measures

COVID-19 death (per 100,000)

Poverty (lower income districts) COVID-19 incidence (per
10,000)

Exposure

N = 173 counties
Deprivation;
spanning 37 states from
Unemployment;
March 1, 2020, to July 11, 2020. English proficiency.

N = 10 districts of the city of
Barcelona

Participants/ Sample size

▪ The predicted number of white
COVID-19 deaths was 4% higher
in counties with an increased
percentage of households with‑
out a vehicle.
▪ The predicted number of black
COVID-19 deaths was 3% higher
in counties with an increased
percentage of households with‑
out a vehicle. Conversely, it was
16% lower in counties with
higher unemployment rates.
▪ The predicted number of
Hispanic COVID-19 deaths/
100,000 population was 22%
higher in counties with an
increased percentage of persons
(age ≥ 5 years) who speak
English “less than well” and
3% higher in counties with an
increased percentage of house‑
holds with no vehicle available,
conversely, was 14% lower in
counties with higher unemploy‑
ment rates.

▪ Districts with the lowest mean
income had the highest inci‑
dence of COVID-19 per 10,000
inhabitants; in contrast, those
with the highest income had the
lowest incidence.
▪ The district with the lowest
income had 2.5 times greater
incidence of the disease, com‑
pared with the highest-income
district.
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Ecological study;
US;
New York

(DiMaggio et al., 2020) [72]

(Fielding-Miller et al., 2020) [73] Observational study;
US;
All 50 states

Type of study; Country;
setting

Author/ year

Table 2 (continued)

N = 3024 counties from all 50
states

N = 177 ZIP code Tabulation
Area (ZCTAs)
Proportion black 0.23
Proportion Hispanic 0.12 (0.05)

Participants/ Sample size

Poverty;
Uninsured;
Non-English;
Language;
Farm worker;
Occupation.

Black/African American
residents;
Household income;
Housing density;
Non-English proficiency.

Exposure

COVID-19 death (per 100,000)

Confirmed diagnosis

Outcome measures

▪ The percentage of non-English
speaking households in a county
was significantly associated with
higher rates of death across all
counties.
▪ The percentage of uninsured
individuals was associated with
fewer reported COVID-19 deaths
across all counties.
▪ Poverty was associated with
fewer reported deaths across
all Mid-Atlantic counties and in
non-urban Mid-Atlantic counties,
but with more reported deaths
in all counties in the East South
Central region and in non-urban
counties in the same region.

▪ There was a nearly five-fold
increase in the risk of a positive
COVID-19 test associated with
the proportion of black/African
American residents.
▪ For each unit increase in a
standardized measure of median
household income in a ZCTA,
there was an approximately 46%
decrease in the number of posi‑
tive COVID-19 tests.
▪ Increases in the housing
density was associated with an
approximate doubling of risk.
▪ Proportion of persons not
speaking English, and the
proportion of persons on public
assistance were not associated
with positive COVID-19 testing
rates.
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Type of study; Country;
setting

Ecological study;
Brazil

Cohort study;
US;
All 50 states.

Author/ year

(Figueiredo et al., 2020) [24]

(Hawkins et al., 2020) [74]

Table 2 (continued)

N = 3127 counties

N = all Brazilian Federative
Units (FU)

Participants/ Sample size

Black residents;
Education level;
Unemployment;
Poverty.

Household income;
Overcrowded households;

Exposure

Confirmed cases (100,000
population);
Fatality (per 100,000)

Incidence;
COVID-19 death.

Outcome measures

▪ The median percentage of
black Americans was 4 times
higher in severely distressed
counties compared with less
distressed counties.
▪ The median percentage of
uninsured individuals was 49%
higher in severely distressed
counties compared with less
distressed counties.
▪ A higher number of cases were
associated with lower education
level, higher proportion of black
Americans, higher income and
lower poverty rate.
▪ Higher COVID-19 mortality was
associated with higher income
but lower education, higher
employment rate, and higher
proportion of black Americans.

▪ Adjusting to lethality and Gini
Index of household income, one
unit increase in household’s size
results in 0.35% increase in risk of
COVID-19 infection.
▪ Adjusting for lethality and
overcrowded households, one
unit increase in the Gini Index
of household income results in
0.36% increase in risk of COVID19 infection.
▪ Adjusting for lethality and Gini
Index of household income, one
unit increase in household’s size
results in 0.35% increase in risk of
COVID-19 death.
▪ Adjusting for lethality and
overcrowded households, one
unit increase in the Gini Index
of household income results in
0.41% increase in risk of COVID19 death.
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Type of study; Country;
setting

Observational study;
US;
city/town level in Massachu‑
setts

Observational study;
US;
Neighborhoods in Louisiana.

Author/ year

(Hu et al., 2020)
[75]

(Madhav et al., 2020) [76]

Table 2 (continued)

Hispanic
and Non-Hispanic Black/Afri‑
can Americans;
Poverty;
Overcrowding households,

Deprivation (based on Area
Deprivation Index (ADI) Quin‑
tiles (Q));
Urban.

N = 4138 population (64
parishes (counties)
and 1148 census)

Exposure

N = 6,547,785 people of Mas‑
sachusetts
Non-Hispanic Black (2.75%)
Hispanic (4.83%)
Asian (3.60%)
Non-Hispanic White (91.06%)

Participants/ Sample size

Rate of COVID-19 infection

Incidence;
Testing site access

Outcome measures

▪ The most deprived neigh‑
borhoods (5th quintile) had a
30% higher rate of COVID-19
infection compared to those in
the least deprived (1st quintile)
neighborhoods.
▪ Adjusting for the effect of
urban residence, those living in
the most deprived neighbor‑
hood (5th quintile) had a 39%
higher rate of COVID-19 infec‑
tion compared to those living
in the least deprived neighbor‑
hood (1st quintile).
▪ Urban location was also signifi‑
cantly associated with COVID-19
infection with 32% higher rate of
COVID-19 infection compared to
non-urban area.

▪ With a parameter estimate of
−66.217 (SEM), the rate of the
population below the poverty
level had a significantly negative
influence on the COVID-19
incidence rate.
▪ Income inequality had a non‑
significant and negative impact
on the COVID-19 incidence rate.
▪ One-point increase in the
rate of households with more
than 1 occupant per room was
associated with a 157.385-point
increase in COVID-19 incidence
rate.
▪ Non-Hispanic Black had the
lowest weighted travel time
of 5.69 min to the testing sites,
followed by the Hispanic, Asian,
and White groups.
▪ Higher Hispanic and Black/
African American segregations
are more likely to be associ‑
ated with a higher COVID-19
incidence rate.

Results
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Type of study; Country;
setting

Cross-sectional study;
US;
National.

Observational study;
US;
Counties with at least one
COVID-19 case

Retrospective observational
study;
US;
All 50 states and the District of
Columbia

Author/ year

(Raine et al., 2020) [77]

(Ossimetha et al., 2021) [78]

(Khanijahani & Tomassoni,
2021) [80]

Table 2 (continued)

N = 3142 county
Mean (SD)
% Black-concentrated 13.3
(27.2)

N = 2664 counties

US population; 45 out of the 50
US states
White (61.10%)
Latinx (17.80%)
Black (12.30%)
Asian (5.40%)
American Indian or Alaskan
Native (AIAN) (0.70%)
Native Hawaiian or Pacific
Islander (NHPI) (0.2%)
Other/Unknown (2.6%)

Participants/ Sample size

Black population (Blackconcentrated if 25% or more
were Black);
Disadvantaged area

Lower social deprivation index
(SDI)

Hispanic/Latinx, American
Indian/Alaskan Native, Native
Hawaiian/Pacific Islanders, and
Black people

Exposure

▪ Medium- and high-SDI coun‑
ties had 1.39 and 2.56 more
SARS-CoV-2 cases/1000 popula‑
tion compared with low-SDI
counties, respectively.
▪ Deaths per capita were also
significantly higher for higherSDI counties.

▪ On a national level, Hispanic/
Latinx, American Indian/Alaskan
Native, Native Hawaiian/Pacific
Islanders, and Black people
had Representation Quotients
(RQs) > 1, indicating that these
groups are over-represented in
COVID-19 incidence.
▪ Dramatic racial and ethnic
variances in state-level incidence
and mortality RQs were also
observed.

Results

COVID-19 deaths (per 100,000) ▪ For every 10% increase in the
percentage of county popula‑
tion residing in concentrated
disadvantage and Blackconcentrated tracts, the rate for
confirmed COVID-19 deaths per
100,000 population increases by
a factor of 1.14.

COVID-19 infection (per 1000);
COVID-19 death

Incidence;
COVID-19 death.

Outcome measures
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Type of study; Country;
setting

Retrospective observational
study;
US;
3142 counties in 50 states and
the District of Columbia

Cross-sectional study;
US;
All US nursing homes.

Author/ year

(Khanijahani, 2021) [79]

(Weech-Maldonado et al.,
2021) [26]

Table 2 (continued)

N = 12,914 nursing home

N = 3142 counties in 50 states
and the District of Columbia
Mean (SD)
% Hispanic 9.3 (13.8)
% Black 9.9 (14.7)

Participants/ Sample size

Minority (not specified):
categorizing as high-minority
nursing homes and nursing
facilities with no minorities.

Black race;
Hispanic ethnic;
Uninsured residents;
Household size;
Household income; Education

Exposure

COVID-1 death

COVID-19 cases;
COVID-19 deaths

Outcome measures

▪ After controlling for interstate
differences, facility-level resident
characteristics, resource avail‑
ability, and organizational char‑
acteristics, high-minority nursing
homes had 61% more COVID-19
deaths as compared to nursing
facilities with no minorities.

▪ 1% increase in proportion of
the Hispanic or Black population
increase the confirmed cases by
0.68 and 0.69% respectively.
▪ 1% increase in proportion of
the Hispanic or Black population
increase the COVID-19 death by
0.65 and 1.57%.
▪ Higher proportions of adults
with no high school diploma
was associated with
higher COVID-19 cases (R = 0.32)
and deaths (R = 0.37).
▪ One unit higher median
household income was associ‑
ated with 0.89% higher deaths
per population unit.
▪ There were no significant
association between the average
household size and % Uninsured
population and confirmed
COVID-19 deaths and confirmed
COVID-19 cases.

Results
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statistically significant differences were found between
Blacks or multiracial groups and Whites [64].
Three studies showed that racial/ethnic minority populations had a disproportionately higher ICU admissions
rate than the rest of the populations [23, 42, 49]. One
study from Ireland, for instance, reported that compared
with White Irish patients, all other ethnic groups had an
approximately fourfold increased risk of ICU admittance
after adjusting for age [42]. Another study from Kuwait
showed that South Asians had approximately six times
higher odds of being admitted to the ICU when compared to Arabs [23]. One study from the US also reported
that a smaller percent of White or non-Hispanic patients
were admitted to ICU compared with non-White patients
[49]. In contrast, two studies did not report a statistically
significant association between race/ethnicity differences
and risk of ICU admission for COVID-19 [44, 57]. Moreover, whereas one study from the US showed that Black
patients were more likely than Whites to receive mechanical ventilation [48], another study from the US showed
that there were no significant racial/ethnic differences in
receiving mechanical ventilation [57]. A summary of the
results is presented in Table 2.
Socioeconomic disparities and COVID‑19 outcomes

Overall, 28 studies examined the association between
COVID-19 outcomes and SES characteristics. In this
regard, studies showed that poor housing conditions
[38], living in poverty [24, 45, 75] or deprivation [76,
78], employment in the healthcare and social assistance
and transportation industries [45], lack of insurance [45,
74], household overcrowding [24, 75], lower household
income [24, 37, 43, 45, 70], no or lower level of education
[74, 79], and urban residency [76] were associated with
a higher risk of COVID-19 incidence/infection. Some
studies showed contradicting results, reporting that areas
with higher median income [37, 74] or lower poverty
[74] had a higher infection rate. One study from the US,
on the other hand, showed that areas with a higher proportion of uninsured individuals were associated with a
lower rate of infection [68]. Moreover, a few studies demonstrated that households’ income differences [75], average household size [79], and lack of insurance [37, 79]
were not significantly associated with the risk of COVID19 incidence.
Regarding COVID-19 deaths, studies showed that a
low level of education [40, 74, 79], poverty [24, 37], poor
housing conditions [38], low family income [40], deprivation [42, 71, 78, 79], speaking in a language other than
the national language in a country [71, 73], household
overcrowding [24], being an immigrant [40], and unemployment [59, 71] were associated with a higher risk of
death from COVID-19. Nevertheless, there were some
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contradicting results as well. For example, higher risks of
death from COVID-19 was associated with lower rates
of unemployment [74], a lower proportion of uninsured
individuals in a region [68, 73], and higher household
income [74, 79]. A few studies reported that low SES [52],
poverty [57], large household size [79], a higher proportion of uninsured individuals in a region [79], and deprivation [52] were not associated with higher risks of
COVID-19 death. However, one study reported that living in poverty was associated with fewer reported deaths
in some counties and more reported deaths in some
other counties [73].
Several studies corroborate that people living in urban
areas [27], areas with higher levels of poverty [45], deprivation [27, 58], rental housing [45], lack of insurance [45],
lower household income [45, 72], higher employment
in the transportation and healthcare industries [45],
and overcrowded households [53, 72] were more likely
to have positive COVID-19 test results. However, there
was some inconsistent evidence as well. For example, one
study from the US did not report a statistically significant association between poverty status and confirmed
diagnosis [57]. Another study from the US reported that
higher median household income was associated with a
higher likelihood of positive COVID-19 tests [74].
One study showed that the likelihood of getting a
COVID-19 test was lower for non-English speakers
than English speakers [53]. In one study, the number of
total tests was not associated with the SES index, which
was a composite score made of SES variables including household income, gross rent, poverty, education,
working class, unemployment, and household density
[67]. Another study showed that testing frequency was
higher in areas with fewer uninsured individuals [68].
Three studies from the US showed that people living in
densely populated areas [44] or areas with a higher poverty level [57] were at a higher risk of hospitalization for
COVID-19. Two studies showed that people with Medicaid/Medicare or no reported insurance had a higher risk
of hospitalization [34] and mortality [65] than those with
commercial insurance. One study did not find an association between living in deprivation and hospitalization
[52].
Regarding ICU admission, two studies did not report
an association with deprivation [42, 52], and one study
did not show an association with the SES index [52].
However, one study showed that individuals living in
higher poverty levels were at higher risk of ICU admission for COVID-19 [57]. Regarding mechanical ventilation, one study did not report a statistically significant
association between the need for mechanical ventilation
and living in poverty among patients with COVID-19
[57].
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Discussion
This systematic review studied the racial/ethnic and
SES disparities in health outcomes and access to health
resources during the COVID-19 pandemic. Due to the
inconsistencies among studies, especially regarding different definitions for racial/ethnic minority groups and
low-SES, it was challenging to summarize the results.
Generally, evidence showed that racial/ethnic minority populations were at a higher risk of infection, having
positive test results, and hospital admissions for COVID19 [32, 33, 37, 43, 47]. Studies on the risk of death from
COVID-19 among different racial/ethnic populations
and those with different SES showed different results.
Regarding access to testing, the inconsistency was much
more evident. Two studies showed greater access to testing for racial/ethnic minority populations [61, 75], two
studies yielded reverse results [34, 67], and one study
showed no significant differences [68]. We also found
similar results for ICU admission following the COVID19 infection.
Nineteen out of 28 studies showed that people from
low SES, including those with poor housing conditions,
poverty, household overcrowding, and lower level of education, were at higher risk of infection [24, 38, 43, 45, 68,
70, 75, 76, 78, 80], death [24, 37, 40, 42, 71, 74, 78–80]
and confirmed diagnosis [27, 45, 58, 81]. However, this
was not always the case [37, 52, 57, 73–75, 80, 82]. For
instance, according to the results of four studies, areas
with a higher median income had a higher rate of infection, death, or confirmed diagnosis [37, 73, 74, 80].
Lack of insurance and unemployment affected the outcomes in different ways. Out of 28 studies, four studies
reported a positive association between lack of insurance and COVID-19 incidence [45, 74] and death [68,
73]. Moreover, two studies did not report a notable association between lack of insurance and risk of COVID19 death and COVID-19 incidence/infection [37, 79].
Just one study reported lack of insurance as a predictor of decreased risk of COVID-19 incidence [68]. Out
of 28 studies on SES, two studies showed that a higher
rate of unemployment was associated with a higher risk
of death from COVID-19 [59, 71]. In contrast, one study
reported that a higher risk of death from COVID-19 was
associated with lower rates of unemployment [74]. One
possible explanation for the inconsistent results regarding unemployment and lack of insurance is that information regarding the health outcomes of unemployed and
uninsured individuals might not be wholly documented
due to the underutilization of services. More studies are
needed to explore the impacts of unemployment and lack
of insurance on patients with COVID-19.
Though racial/ethnic minority groups were frequently
identified as the most vulnerable populations during
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the epidemics, they are exceptionally vulnerable in the
COVID-19 pandemic because the transmission of the
infection is strongly associated with the background
and socioeconomic characteristics of individuals. There
are some potential reasons for the higher incidence and
severity of COVID-19 in racial/ethnic minority groups
and individuals from low SES. When speaking about
SES, we generally focus on people’s occupation, income,
and education level [83]. The risk of the transmission
of COVID-19 in professions with constant in-person
interactions is higher than in other professions. As a
result, the incidence of the disease among service industry workers is higher [84]. Additionally, people with low
SES are more likely to experience work stress, which
increases the risk of cardiovascular disease [85] and disrupts the function of the immune system [86], consequently resulting in lower resistance to COVID-19. Low
household income can influence the housing conditions
of the individuals to increase the risk of the spread of
infectious diseases among those living in small and overcrowded housing units [6]. Lower education levels may
increase the COVID-19 severity indirectly by behavioral pathways, poor diet, smoking and other risk factors,
and problems with effectively navigating healthcare systems [87]. Racial/ethnic minorities are usually impacted
by higher poverty rates, are economically disadvantaged,
and are more likely to work in jobs unsuitable for remote
working [58, 88–90].
This systematic review can inform policymakers, practitioners, and researchers of the potential inequalities in
health outcomes and access to services, helping them
adopt effective strategies to manage COVID-19 as a public health emergency. There is no doubt that most of the
racial/ethnic minorities and those from low SES are more
vulnerable to COVID-19; therefore, the information provided by this review study can provide authorities with
insight into the inequalities that COVID-19 poses to
these vulnerable populations.
Limitations

We acknowledge the limitations of this study. First, race/
ethnicity and SES data might have been incomplete (or
inaccurate in some cases) in medical records and datasets, and their accuracy evaluation were not reported [6].
This could have made it difficult for researchers to measure health disparities in COVID-19 and have resulted in
major inconsistencies among the studies, making it challenging to congregate the results. Additionally, many
LMICs do not have appropriate information systems
to provide quality data [25], especially regarding case
ascertainment and SES information, and in some cases,
the assignment of cause-of-death. As a result, there are
fewer studies from LMICs. Second, the diagnostic tests
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and degree of accuracy (sensitivity and specificity) might
vary from study to study, resulting in the misclassification of infected and healthy individuals. Finally, we only
included the English-language studies in the review. As
a result, we might have missed several studies from nonEnglish language publications. Heterogenous populations
and different levels of study design (individual patientlevel or spatial analysis) can also contribute to contradicting findings.
In order to mitigate the limitation to some degree,
we extracted detailed information from each study
and summarized them in the data extraction sheet.
This would help readers to review the summary results
of each study in line with their potential limitations.
Despite the aforementioned limitations, we believe that
this systematic review can provide insight into the status of the disparity in the COVID-19 and can contribute to future research in the field.

Conclusion
Although we observed the inconsistencies among the
included studies, most of these studies showed that
racial/ethnic minority populations in a region are at
greater risk of COVID-19 infection, hospitalization,
confirmed diagnosis, and mortality. Additionally, most
of the studies cited factors such as low level of education, poverty, poor housing conditions, low family
income, speaking in a language other than the national
language in a country, and household overcrowding as risk factors of COVID-19 incidence, death, and
confirmed diagnosis. The potential impact of lack of
insurance and unemployment on the outcome measures such as the need for mechanical ventilation, ICU
admission, and access to testing for COVID-19 were
limited and inconsistent. Further studies are needed
to fill the gaps. This systematic review also revealed a
major incongruity in the definition of minority ethnic/
race groups and SES among the studies.
Abbreviations
COVID-19: Coronavirus Disease 2019; WHO: World Health Organization; SES:
Socioeconomic status; LMICs: Low- and Middle-Income Countries; PRISMA:
Preferred Reporting Items for Systematic Reviews and Meta-Analyses; JBI:
Joanna Briggs Institute; US: United States; ICU: Intensive Care Unit.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12939-021-01582-4.
Additional file 1:. Search strategies.
Additional file 2:. Data extraction table.
Additional file 3:. Assessment of methodological quality.

Page 28 of 30

Acknowledgments
Not applicable.
Authors’ contributions
All authors contributed to the study design and conceptualization. SI and AK
conducted the searches. SA and KG screened the title and abstracts. AK, DN,
and SI extracted the data. SA, KG, and DN appraised the quality of included
studies. All authors contributed to summarizing the findings and interpreta‑
tion of results.
Funding
No fund was received for this study.
Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Health Administration and Public Health, John G. Rangos
School of Health Sciences, Duquesne University, Pittsburgh, PA, USA. 2 Hospital
Management Research Center, Iran University of Medical Sciences, Tehran,
Iran. 3 Social Determinants of Health Research Center, Department of Health
Service Management, School of Management and Medical Informatics, Tabriz
University of Medical Sciences, Tabriz, Iran. 4 Tabriz Health Services Manage‑
ment Research Center, Health Management and Safety Promotion Research
Institute, Tabriz University of Medical Sciences, Tabriz, Iran. 5 Student Research
Committee, Tabriz University of Medical Sciences, Tabriz, Iran.
Received: 2 June 2021 Accepted: 30 October 2021

References
1. Zhou P, Yang X-L, Wang X-G, Hu B, Zhang L, Zhang W, et al. Zhu Y, Li B.
Huang C-L: A pneumonia outbreak associated with a new coronavirus of
probable bat origin nature. 2020;579:270–3.
2. WHO Coronavirus Disease (COVID-19) Dashboard [https://covid19.
who.int/?gclid=EAIaIQobChMItqL8z7zl6QIVS7DtCh2XhAvKEAAYASAAE
gJQlvD_BwE].
3. Sahu KK, Mishra AK, Lal A. COVID-2019: update on epidemiology, disease
spread and management. Monaldi Arch Chest Dis. 2020;90.
4. Cascella M, Rajnik M, Cuomo A, Dulebohn SC, Di Napoli R: Features,
evaluation and treatment coronavirus (COVID-19). In Statpearls [internet].
StatPearls Publishing; 2020.
5. Ford CL. Commentary: addressing inequities in the era of COVID-19: the
pandemic and the urgent need for critical race theory. Family & Com‑
munity Health. 2020;43:184–6.
6. Khalatbari-Soltani S, Cumming RC, Delpierre C, Kelly-Irving M. Importance
of collecting data on socioeconomic determinants from the early stage
of the COVID-19 outbreak onwards. J Epidemiol Community Health.
2020;74:620–3.
7. Krouse HJ. COVID-19 and the widening gap in health inequity. Otolaryn‑
gol Head Neck Surg. 2020;163:65–6.
8. Ren XS, Amick BC, Williams DR. Racial/ethnic disparities in health: the
interplay between discrimination and socioeconomic status. Ethnicity &
disease. 1999;9:151–65.
9. Brewster DR, Morris PS. Indigenous child health: are we making progress?
J Paediatr Child Health. 2015;51:40–7.

Khanijahani et al. International Journal for Equity in Health

(2021) 20:248

10. Gares V, Panico L, Castagne R, Delpierre C, Kelly-Irving M. The role of the
early social environment on Epstein Barr virus infection: a prospective
observational design using the millennium cohort study. Epidemiology &
Infection. 2017;145:3405–12.
11. Oestergaard LB, Schmiegelow MD, Bruun NE, Skov RL, Petersen A,
Andersen PS, et al. The associations between socioeconomic status and
risk of Staphylococcus aureus bacteremia and subsequent endocarditis–a
Danish nationwide cohort study. BMC Infect Dis. 2017;17:589.
12. Ogedegbe G, Ravenell J, Adhikari S, Butler M, Cook T, Francois F, et al.
Assessment of racial/ethnic disparities in hospitalization and mortal‑
ity in patients with COVID-19 in new York City. JAMA Netw Open.
2020;3:e2026881–1.
13. Kilbourne AM, Switzer G, Hyman K, Crowley-Matoka M, Fine MJ. Advanc‑
ing health disparities research within the health care system: a concep‑
tual framework. Am J Public Health. 2006;96:2113–21.
14. Warnecke RB, Oh A, Breen N, Gehlert S, Paskett E, Tucker KL, et al.
Approaching health disparities from a population perspective: the
National Institutes of Health centers for population health and health
disparities. Am J Public Health. 2008;98:1608–15.
15. O’Sullivan TL, Phillips KP. From SARS to pandemic influenza: the framing
of high-risk populations. Nat Hazards. 2019;98:103–17.
16. van Dorn A, Cooney RE, Sabin ML. COVID-19 exacerbating inequalities in
the US. Lancet. 2020;395:1243–4.
17. Reyes C, Husain N, Gutowski C, St Clair S, Pratt G. Chicago’s coronavirus
disparity: black Chicagoans are dying at nearly six times the rate of white
residents, data show. Chicago Tribune. 2020.
18. CoSDo H. Achieving health equity: from root causes to fair outcomes:
commission on social determinants of health, interim statement; 2007.
19. Thebault R, Tran A, Williams V. The coronavirus is infecting and killing
black Americans at an alarmingly high rate. Washington Post. 2020;2020.
20. Yancy CW. COVID-19 and African Americans. JAMA. 2020;323:1891–2.
21. Khunti K, Singh AK, Pareek M, Hanif W. Is ethnicity linked to incidence or
outcomes of covid-19? BMJ. 2020;369:m1548.
22. Baqui P, Bica I, Marra V, Ercole A, van der Schaar M. Ethnic and regional
variations in hospital mortality from COVID-19 in Brazil: a cross-sectional
observational study. Lancet Glob Health. 2020;8:e1018–26.
23. Ali H, Alshukry A, Marafie SK, AlRukhayes M, Ali Y, Abbas MB, et al.
Outcomes of COVID-19: Disparities by ethnicity. Infection, Genetics and
Evolution. 2021;87:104639.
24. Figueiredo DCMM, Gomes LB, Massuda A, Gil-García E, Vianna RPT,
Daponte A. Social determinants of health and COVID-19 infection in
Brazil: an analysis of the pandemic. Revista brasileira de enfermagem.
2020;73:e20200673.
25. Nsubuga P, Nwanyanwu O, Nkengasong JN, Mukanga D, Trostle M.
Strengthening public health surveillance and response using the health
systems strengthening agenda in developing countries. BMC Public
Health. 2010;10:S5.
26. Weech-Maldonado R, Lord J, Davlyatov G, Ghiasi A, Orewa G. High-minor‑
ity nursing homes disproportionately affected by COVID-19 deaths. Front
Public Health. 2021;9.
27. de Lusignan S, Dorward J, Correa A, Jones N, Akinyemi O, Amirthalingam
G, et al. Risk factors for SARS-CoV-2 among patients in the Oxford Royal
College of general practitioners research and surveillance Centre primary
care network: a cross-sectional study. Lancet Infect Dis. 2020;20:1034–42.
28. Smith JA, Judd J. COVID-19: vulnerability and the power of privilege in a
pandemic. Health Promotion Journal of Australia. 2020;31:158.
29. O’Connor MI: Equity360: Gender, Race, and Ethnicity—COVID-19 and
Preparing for the Next Pandemic. Clinical Orthopaedics and Related
Research® 2020, 478:1183–1185.
30. Sze S, Pan D, Nevill CR, Gray LJ, Martin CA, Nazareth J, et al. Ethnicity and
clinical outcomes in COVID-19: a systematic review and meta-analysis.
EClinicalMedicine. 2020:29–30.
31. Poston B, Barboza T, Jennings A. LA releases first racial breakdown of
coronavirus fatalities; blacks have higher death rate. Los Angeles Times.
2020.
32. Adhikari S, Pantaleo NP, Feldman JM, Ogedegbe O, Thorpe L, Troxel AB.
Assessment of community-level disparities in coronavirus disease 2019
(COVID-19) infections and deaths in large US metropolitan areas. JAMA
Netw Open. 2020;3:e2016938–8.

Page 29 of 30

33. Adegunsoye A, Ventura IB, Liarski VM. Association of Black Race with out‑
comes in COVID-19 disease: a retrospective cohort study. Ann American
Thoracic Society. 2020;17:1336–9.
34. Azar KMJ, Shen Z, Romanelli RJ, Lockhart SH, Smits K, Robinson S, et al.
Disparities in outcomes among COVID-19 patients in a large health care
system in California. Health Aff (Millwood). 2020;39:1253–62.
35. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med. 2009;6:e1000097.
36. Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, et al.
Chapter 7: systematic reviews of etiology and risk. Joanna Briggs Institute
Reviewer’s Manual The Joanna Briggs Institute. 2017:2019–05.
37. Abedi V, Olulana O, Avula V, Chaudhary D, Khan A, Shahjouei S, et al.
Racial, economic, and health inequality and COVID-19 infection in the
United States. J Racial Ethn Health Disparities. 2020:1–11.
38. Ahmad K, Erqou S, Shah N, Nazir U, Morrison AR, Choudhary G, et al.
Association of poor housing conditions with COVID-19 incidence and
mortality across US counties. PLoS One. 2020;15:e0241327.
39. Aldridge RW, Lewer D, Katikireddi SV, Mathur R, Pathak N, Burns R, et al.
Black, Asian and minority ethnic groups in England are at increased risk
of death from COVID-19: indirect standardisation of NHS mortality data.
Wellcome Open Res. 2020;5:88.
40. Drefahl S, Wallace M, Mussino E, Aradhya S, Kolk M, Branden M, et al. A
population-based cohort study of socio-demographic risk factors for
COVID-19 deaths in Sweden. Nat Commun. 2020;11.
41. Egede LE, Walker RJ, Garacci E, Raymond JR Sr. Racial/ethnic differences in
COVID-19 screening, hospitalization, and mortality in Southeast Wiscon‑
sin. Health Aff (Millwood). 2020;39:1926–34.
42. Farrell RJ, O’Regan R, O’Neill E, Bowens G, Maclellan A, Gileece A, et al.
Sociodemographic variables as predictors of adverse outcome in SARSCoV-2 infection: an Irish hospital experience. Ir J Med Sci. 2020.
43. Goyal MK, Simpson JN, Boyle MD, Badolato GM, Delaney M, McCarter R,
et al. Racial and/or ethnic and socioeconomic disparities of SARS-CoV-2
infection among children. Pediatrics. 2020;146.
44. Gu T, Mack JA, Salvatore M, Prabhu Sankar S, Valley TS, Singh K, et al.
Characteristics associated with racial/ethnic disparities in COVID-19
outcomes in an academic health care system. JAMA Netw Open.
2020;3:e2025197–7.
45. Hawkins D. Social determinants of COVID-19 in Massachusetts, United
States: an ecological study. J Prev Med Public Health. 2020;53:220–7.
46. Holmes L Jr, Enwere M, Williams J, Ogundele B, Chavan P, Piccoli T, et al.
Black-White risk differentials in COVID-19 (SARS-COV2) transmission, mor‑
tality and case fatality in the United States: translational epidemiologic
perspective and challenges. Int J Environ Res Public Health. 2020;17.
47. Holtgrave DR, Barranco MA, Tesoriero JM, Blog DS, Rosenberg ES. Assess‑
ing racial and ethnic disparities using a COVID-19 outcomes continuum
for New York state. Ann Epidemiol. 2020;48:9–14.
48. Ioannou GN, Locke E, Green P, Berry K, O’Hare AM, Shah JA, et al. Risk
factors for hospitalization, mechanical ventilation, or death among
10 131 US veterans with SARS-CoV-2 infection. JAMA Netw Open.
2020;3:e2022310.
49. Joseph NP, Reid NJ, Som A, Li MD, Hyle EP, Dugdale CM, et al. Racial and
ethnic disparities in disease severity on admission chest radiographs
among patients admitted with confirmed coronavirus disease 2019: A
retrospective cohort study. Radiology. 2020;297:E303–12.
50. Kabarriti R, Brodin NP, Maron MI, Guha C, Kalnicki S, Garg MK, et al.
Association of Race and Ethnicity with Comorbidities and survival among
patients with COVID-19 at an urban medical Center in new York. JAMA
Netw Open. 2020;3:e2019795.
51. Kaufman HW, Niles JK, Nash DB. Disparities in SARS-CoV-2 positivity rates:
associations with race and ethnicity. Popul Health Manag. 2020.
52. Khan KS, Torpiano G, McLellan M, Mahmud S. The impact of socioeco‑
nomic status on 30-day mortality in hospitalized patients with COVID-19
infection. J Med Virol. 2020.
53. Kim HN, Lan KF, Nkyekyer E, Neme S, Pierre-Louis M, Chew L, et al. Assess‑
ment of disparities in COVID-19 testing and infection across language
groups in Seattle, Washington. JAMA Netw Open. 2020;3:e2021213.
54. Lassale C, Gaye B, Hamer M, Gale CR, Batty GD. Ethnic disparities in
hospitalisation for COVID-19 in England: the role of socioeconomic fac‑
tors, mental health, and inflammatory and pro-inflammatory factors in a
community-based cohort study. Brain Behav Immun. 2020;88:44–9.

Khanijahani et al. International Journal for Equity in Health

(2021) 20:248

55. Mahajan UV, Larkins-Pettigrew M. Racial demographics and COVID-19
confirmed cases and deaths: a correlational analysis of 2886 US counties.
J Public Health. 2020;42:445–7.
56. Misa NY, Perez B, Basham K, Fisher-Hobson E, Butler B, King K, et al. Racial/
ethnic disparities in COVID-19 disease burden & mortality among emer‑
gency department patients in a safety net health system. Am J Emerg
Med. 2020.
57. Munoz-Price LS, Nattinger AB, Rivera F, Hanson R, Gmehlin CG, Perez A,
et al. Racial disparities in incidence and outcomes among patients with
COVID-19. JAMA Netw Open. 2020;3.
58. Niedzwiedz CL, O’Donnell CA, Jani BD, Demou E, Ho FK, Celis-Morales
C, et al. Ethnic and socioeconomic differences in SARS-CoV-2 infection:
prospective cohort study using UK biobank. BMC Med. 2020;18:1–14.
59. Ojinnaka CO, Adepoju OE, Burgess AV, Woodard L. Factors associated with
COVID-related mortality: the case of Texas. J Racial Ethn Health Dispari‑
ties. 2020:1–6.
60. Renelus BD, Khoury NC, Chandrasekaran K, Bekele E, Briggs WM, Ivanov A,
et al. Racial disparities in COVID-19 hospitalization and in-hospital mortal‑
ity at the height of the new York City pandemic. J Racial Ethn Health
Disparities. 2020:1–7.
61. Rentsch CT, Kidwai-Khan F, Tate JP, Park LS, King JT, Skanderson M, et al.
Patterns of COVID-19 testing and mortality by race and ethnicity among
United States veterans: a nationwide cohort study. PLoS Med. 2020;17.
62. Rodriguez F, Solomon N, de Lemos JA, Das SR, Morrow DA, Bradley SM,
et al. Racial and ethnic differences in presentation and outcomes for
patients hospitalized with COVID-19: findings from the American Heart
Association’s COVID-19 cardiovascular disease registry. Circulation. 2020.
63. Sapey E, Gallier S, Mainey C, Nightingale P, McNulty D, Crothers H, et al.
Ethnicity and risk of death in patients hospitalised for COVID-19 infection
in the UK: an observational cohort study in an urban catchment area.
BMJ Open Respir Res. 2020;7.
64. Soares RCM, Mattos LR, Raposo LM. Risk factors for hospitalization and
mortality due to COVID-19 in Espírito Santo state, Brazil. Am J Trop Med
Hyg. 2020;103:1184–90.
65. Yehia BR, Winegar A, Fogel R, Fakih M, Ottenbacher A, Jesser C, et al.
Association of Race with Mortality among Patients Hospitalized with
Coronavirus Disease 2019 (COVID-19) at 92 US hospitals. JAMA Netw
Open. 2020;3:e2018039.
66. Zakeri R, Bendayan R, Ashworth M, Bean DM, Dodhia H, Durbaba S,
et al. A case-control and cohort study to determine the relationship
between ethnic background and severe COVID-19. EClinicalMedicine.
2020;100574.
67. Lieberman-Cribbin W, Tuminello S, Flores RM, Taioli E. Disparities in
COVID-19 testing and positivity in new York City. Am J Prev Med.
2020;59:326–32.
68. Loomba RS, Aggarwal G, Aggarwal S, Flores S, Villarreal EG, Farias JS,
et al. Disparities in case frequency and mortality of coronavirus disease
2019 (COVID-19) among various states in the United States. Ann Med.
2021;53:151–9.
69. Ayoubkhani D, Nafilyan V, White C, Goldblatt P, Gaughan C, Blackwell L,
et al. Ethnic-minority groups in England and Wales-factors associated
with the size and timing of elevated COVID-19 mortality: a retrospective
cohort study linking census and death records. Int J Epidemiol. 2020.
70. Baena-Diez JM, Barroso M, Cordeiro-Coelho SI, Diaz JL, Grau M. Impact
of COVID-19 outbreak by income: hitting hardest the most deprived. J
Public Health. 2020;42:698–703.

Page 30 of 30

71. Boserup B, McKenney M, Elkbuli A. Disproportionate impact of COVID-19
pandemic on racial and ethnic minorities. Am Surg. 2020;86:1615–22.
72. DiMaggio C, Klein M, Berry C, Frangos S. Black/African American commu‑
nities are at highest risk of COVID-19: spatial modeling of new York City
ZIP code-level testing results. Ann Epidemiol. 2020;51:7–13.
73. Fielding-Miller RK, Sundaram ME, Brouwer K. Social determinants of
COVID-19 mortality at the county level. PLoS One. 2020;15.
74. Hawkins RB, Charles EJ, Mehaffey JH. Socio-economic status and COVID19–related cases and fatalities. Public Health. 2020;189:129–34.
75. Hu T, Yue H, Wang C, She B, Ye X, Liu R, et al. Racial segregation, testing
site access, and covid-19 incidence rate in Massachusetts, USA. Int J
Environ Res Public Health. 2020;17:1–18.
76. Madhav KC, Oral E, Straif-Bourgeois S, Rung AL, Peters ES. The effect of
area deprivation on COVID-19 risk in Louisiana. PLoS One. 2020;15.
77. Raine S, Liu A, Mintz J, Wahood W, Huntley K, Haffizulla F. Racial and
ethnic disparities in COVID-19 outcomes: social determination of health.
Int J Environ Res Public Health. 2020;17.
78. Ossimetha A, Ossimetha A, Kosar CM, Rahman M. Socioeconomic dispari‑
ties in community mobility reduction and COVID-19 growth. Mayo Clin
Proc. 2021;96:78–85.
79. Khanijahani A. Racial, ethnic, and socioeconomic disparities in confirmed
COVID-19 cases and deaths in the United States: a county-level analysis
as of November 2020. Ethn Health. 2021;26:22–35.
80. Khanijahani A, Tomassoni L. Socioeconomic and racial segregation and
COVID-19: concentrated disadvantage and black concentration in asso‑
ciation with COVID-19 deaths in the USA. J Racial Ethn Health Disparities.
2021.
81. de Lusignan S, Joy M, Oke J, McGagh D, Nicholson B, Sheppard J, et al.
Disparities in the excess risk of mortality in the first wave of COVID19: cross sectional study of the English sentinel network. J Infect.
2020;81:785–92.
82. Balogun JA. Lessons from the USA delayed response to the COVID-19
pandemic. Afr J Reprod Health. 2020;24:14–21.
83. Krieger N. A glossary for social epidemiology. J Epidemiol Community
Health. 2001;55:693–700.
84. Koh D: Occupational risks for COVID-19 infection. Occupational medicine
(Oxford, England) 2020, 70:3.
85. Kivimäki M, Kawachi I. Work stress as a risk factor for cardiovascular
disease. Curr Cardiol Rep. 2015;17:74.
86. Nakata A. Psychosocial job stress and immunity: a systematic review. In
Psychoneuroimmunology Springer. 2012:39–75.
87. Vardavas CI, Nikitara K. COVID-19 and smoking: a systematic review of the
evidence. Tob Induc Dis. 2020;18:20–0.
88. Webb Hooper M, Nápoles AM, Pérez-Stable EJ. COVID-19 and racial/eth‑
nic disparities. JAMA. 2020;323:2466–7.
89. Iacobucci G. Covid-19: increased risk among ethnic minorities is largely
due to poverty and social disparities, review finds. BMJ. 2020;371:m4099.
90. Economic News Release: Table 1. Workers who could work at home, did
work at home, and were paid for work at home, by selected characteris‑
tics, averages for the period 2017–2018. [https://www.bls.gov/news.relea
se/flex2.t01.htm].

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

