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ABSTRACT

Introduction Early literature on the COVID-19 pandemic
indicated striking ethnic inequalities in SARS-CoV-2-
related outcomes. This systematic review and meta-
analysis aimed to describe the presence and magnitude of
associations between ethnic groups and COVID-19-related
outcomes.
Methods PubMed and Embase were searched from
December 2019 through September 2020. Studies
reporting extractable data (ie, crude numbers, and
unadjusted or adjusted risk/ORs) by ethnic group on
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Key questions
What is already known?
►► Early literature on the COVID-19 pandemic indicated

striking ethnic inequalities in SARS-CoV-2-related
outcomes. This systematic review and meta-analysis
aimed to describe the presence and magnitude of
associations between ethnic groups and COVID-19-
related outcomes.

What are the new findings?
►► The risk of SARS-
CoV-2 diagnosis was higher in

most ethnic minorities, but once hospitalised, no
clear inequalities exist in COVID-19 outcomes except for the high risk of death in ethnic minorities
in Brazil.

What do the new findings imply?
►► The findings highlight the necessity to tackle dispar-

ities in social determinants of health, preventative
opportunities and delay in healthcare use. Ethnic minorities should specifically be considered in policies
mitigating negative impacts of the pandemic.

specifically be considered in policies mitigating negative
impacts of the pandemic.
PROSPERO registration number CRD42020180085.

INTRODUCTION
The COVID-
19 pandemic caused by SARS-
CoV-2 has exposed global health inequalities.
Data on ethnic minorities mainly from the USA
and UK have shown striking ethnic inequalities in diagnosis of SARS-CoV-2 infection and
related outcomes.1–3 In both USA and UK,
a disproportionate number of SARS-
CoV-
2
infections, hospital critical cases and deaths
are occurring among ethnic minority groups.
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METHODS
This systematic review and meta-analysis was conducted
in accordance with the Preferred Reporting Items for
Systematic reviews and Meta-
Analyses extension for
Scoping Reviews guideline.8 The protocol results on age
and sex for the early phase of the pandemic have been
published.9
Search strategy and selection criteria
The search strategy was developed with a specialised librarian (GF) support. Medline via PubMed and
EMBASE databases were searched from December 2019
to 17 September 2020. The COVID-19 term was elaborated in combinations of controlled vocabulary and free-
text terms (Appendix 1: Search strategy). Only studies
reported in English were considered.
All papers were screened for the presence of data
on any of the demographic factors (ie, age, gender
2

and ethnicity) in combination with any of the COVID-
outcomes that we considered as reported in the preregistration on Prospero in the general population and
hospitalised patients. Initial screening on the basis of title
and abstract of eligible studies was carried out by allocating subsets of the search results to all members of the
review team. In a preceding report on the demographic
factors of age and sex, the estimated between-reviewer
agreement on a random sample of 500 studies was 98.4%
with a kappa of 0.74, indicating substantial agreement in
this review team.9 When the information in the abstract
did not suffice or if there was any doubt, the studies
remained potentially eligible.
Studies were included if they met the following inclusion criteria: (1) focused on humans, (2) included any
of the predefined COVID-19 or SARS-CoV-2 coronavirus-
related outcomes, (3) reported on multiple ethnic/racial
groups, (4) contained raw data that allowed calculation
of ORs or contained calculated (unadjusted or adjusted)
RRs or ORs for our prespecified associations (online
supplemental appendix table 1). We considered adjusted
estimates for age, age and sex, or a larger set of adjustment factors. Studies were excluded if no valid comparisons across ethnic groups could be made, or focussed
on specific populations (eg, healthcare workers) alone
or were based on patients who were admitted to hospital
indications other than SARS-CoV-2 infection.
Data analysis
Data were extracted from included studies regarding
patient demographics, study characteristics and the
severity stages of COVID-19 including infection, hospitalisation, disease severity, ICU admission and death in a
predefined electronic data sheet. Categorisation of severe
disease was extracted as used in the original studies,
which used the WHO guidance10 in almost all cases. This
was double-checked by a second reviewer and any disagreements were resolved by consensus or by consulting
a referee. Additionally, the inclusion and data extraction
of all studies that were potential outliers as visually identified on the forest plots were double-checked. Risk of bias
of the included studies was appraised using the Newcastle
Ottawa Scale (NOS).11
Meta-analysis was performed to determine the pooled
effect sizes with corresponding 95% CIs and (in case of
heterogeneity) 95% prediction intervals using random-
effects model.12 The unadjusted ORs were calculated from
crude numbers. For studies that reported ORs or RRs
that were adjusted for age, age and sex, or larger adjustment set, we synthesised ORs according to COSMOS-E.13
These studies typically adjusted for different sets of
factors, but age, sex and comorbidities were the most
common covariates in the models (online supplemental
appendix table 2). White ethnicity was considered as
the reference group for the comparisons, as this was the
dominant ethnic group in all included studies except two
studies from Asia, where reference groups mentioned by
the original studies were used.
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The UK’s Intensive Care National Audit and Research
Centre (ICNARC) report, for example, shows that about
third of critically ill COVID-19 patients during the early
phase of the pandemic were from ethnic minority background despite ethnic minority groups being about 14%
of the UK population.2 Data from the USA also show that
African-Americans and Hispanic-Americans account for
a disproportionate share of COVID-19-related infection,
hospitalisation and deaths relative to their representation in the population.4 5
Recently, some meta-
analyses on COVID-
19 among
ethnic minority groups have been published.6 7 However,
these earlier works have several limitations including
reliance on non-peer-reviewed papers, combined heterogeneous ethnic groups such as South Asians and East
Asians and African descent populations living in different
geographical locations, and were limited to the earliest
phase of the pandemic.6 7 Given the impact of social
determinants of health on COVID-
19 disease and its
related outcomes, which vary importantly between world
regions, it is critically important to evaluate in detail
COVID-19 infection and its related outcomes among the
heterogeneous ethnic groups living in different parts of
the world to guide targeted prevention and treatment to
reduce ethnic inequalities in health.
We therefore conducted a meta-
analysis to quantify
the risk ratio (RRs) between ethnic minority groups
and the major populations living in different parts of
the world on five commonly reported COVID-
related
outcomes including (1) confirmed SARS-
CoV-
2 infection among the general population; (2) hospitalisation
among COVID-19 patients with a confirmed infection;
(3) severe COVID-19 disease among hospitalised patients
with a confirmed infection; (4) intensive care unit (ICU)
admission among hospitalised patients with a confirmed
COVID-19 infection and (5) death among hospitalised
patients with a confirmed COVID-
19 infection across
world regions.

BMJ Global Health

Role of the funding source
There was no funding source for this study.
RESULTS
Study selection
The titles and abstracts of 21 710 papers were screened.
Full text was reviewed of 914 papers, of which 101
contained data on ethnicity. Ultimately, 58 papers
contained extractable data on both ethnicity and at least
one of the five outcomes included in the meta-analysis
(figure 1).
Study characteristics
The 58 included papers contained data on study populations from four continents, reporting on a total of 9 918
103 individuals (table 1). The majority of papers (n=41)
were from the USA, 13 papers were from Europe (10
from UK, 2 from Spain and 1 from Italy); 2 papers from
Brazil and 1 paper each from Singapore and Thailand.
Most studies were retrospective cohort studies and most
reported outcomes were diagnosed infections among
the general population and death among hospitalised
patients. The sample size ranged from 50 to 8.2 million
people. Indicators of ethnicity were based on self-report,
medical records and physician determination, while
others did not report the indicators used.
Risk of confirmed SARS-CoV-2 infection among the general
population
The summary of pooled unadjusted and adjusted ORs for
SARS-CoV-2 infection in the USA, stratified by ethnicity
is shown in figure 2. The pooled unadjusted ORs were
significantly higher in African-Americans (OR=1.94; 95%
CI, 1.58 to 2.38, 13 studies) and Hispanic-
Americans

(2.44; 1.87 to 3.20, 10 studies), but not in Asian-Americans
(1.33; 0.95 to 1.88, 7 studies), Native Hawaiians (1.53;
0.91 to 2.57, 4 studies) and American-
Indians (0.80;
0.44 to 1.44, 4 studies) compared with White-Americans
(online supplemental appendix figure 1). Moreover,
there were mixed levels of heterogeneity across all ethnic
group comparisons (I2: 42%–97%) (online supplemental
appendix figure 1). Pooled adjusted ORs from studies
that reported ORs adjusted for multiple factors such as
age, sex, SES and comorbidities (online supplemental
appendix table 2) were higher in African-
Americans
(2.74; 1.47 to 5.10, 3 studies), Hispanic-Americans (2.87;
2.13 to 3.86, 1 study) and Asian-Americans (1.74; 1.16
to 2.61, 2 studies) than in White-Americans, but not in
American Indians (0.63; 0.36 to 1.11, 1 study) and Native
Hawaiians (1.02; 0.66 to 1.57, 1 study) (online supplemental appendix figure 2).
In Europe, all the studies on SARS-CoV-2 infections
were carried out in the UK. The pooled unadjusted ORs
were higher in African-Caribbean/Black-Africans (2.22;
1.68 to 2.92, 6 studies), South-Asians (1.91; 1.34 to 2.73,
4 studies), Mixed-race (1.35; 1.27 to 1.44, 5 studies) and
other Asians (2.11, 1.95 to 2.28, 1 study), but not among
Asians (1.25; 0.53 to 2.90, 4 studies) compared with Whites
(online supplemental appendix figure 3). Four studies
on African-Caribbean/Black-Africans and two studies on
Asians and two studies on South-Asians provided data
with adjustments for multiple factors, where only African-
Caribbean/Black-
Africans had a statistically significant
higher risk of infection in pooled adjusted ORs (online
supplemental appendix figure 4). One study in Singapore found a higher unadjusted risk of COVID-19 infections among people with Chinese ethnicity and one study
in Thailand found no difference in unadjusted risk of
COVID-19 infection between people with Thai and other
ethnicity.
Risk of hospitalisation among COVID-19 patients
All but one study on hospitalisations were carried out
in the USA. The summary of pooled unadjusted and
19 hospitalisation, stratified
adjusted risk of COVID-
by ethnicity is shown in figure 3. Thirteen studies on
African-Americans, six studies on Asian-Americans and
six on Hispanic-Americans provided unadjusted effect
estimates on hospitalisation with COVID-19 disease. The
pooled unadjusted risk was significantly higher only in
Americans compared with White-
Americans
African-
(online supplemental appendix figure 5). Two studies in
African-Americans, one in Asian-Americans and three in
Hispanic-Americans provided data on age-adjusted rates.
The pooled age-adjusted ORs show no statistically significant differences between the ethnic groups except for
Asian-Americans where only one age-adjusted study was
available. The pooled ORs of hospitalisation adjusted for
multiple factors including age, sex, SES and comorbidities were significantly higher in African-Americans (1.53;
1.23 to 1.89, 9 studies) and Hispanic-Americans (2.08; 1.60
to 2.70, 5 studies) and in Asian-Americans (1.59; 1.14 to
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Because of the huge differences in migration histories, healthcare systems and access to healthcare and
services between countries, we stratified our analyses by
world regions rather than combining all ethnic groups
living in different geographical locations. Thus, we stratified our pooled analyses by North America, Europe
and South America where data were identified. For the
ethnic groups, we distinguished South Asians from other
Asians where data were provided due to important differences between these groups in terms of health outcomes,
ethnicity and socioeconomic status (SES).14
We explored sources of statistical heterogeneity
through visual inspection of the forest plots and by calculating I² statistics.15 We assessed the presence of publication bias by constructing funnel plots for visual inspection
and statistically tested potential asymmetry using the
Egger and Harbord test when at least eight studies were
available per ethnic group comparison.15 16 A trim-and-
fill method and cumulative meta-analyses was used to
explore the magnitude and direction of publication bias
in case of asymmetry. All meta-analyses were conducted
using Stata V.14.1 (StataCorp, USA), and p-values<0.05
considered statistically significant.
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2.23, 4 studies) compared with White-Americans (online
supplemental appendix figure 6). One study from Brazil
provided data on hospitalisation among ethnic groups
and found a higher rate of hospitalisation among Asian,
indigenous or unknown ethnicity, but not among Afro-
Brazilians/mixed race compared with White-Brazilians in
both unadjusted and adjusted rates.17
Severe COVID-19 disease among hospitalised patients
All studies on severity of the COVID-
19 disease were
carried out in the USA. The summary of pooled unadjusted and adjusted analyses for COVID-
19 severity
among hospitalised patients, stratified by ethnicity is
shown in figure 4. Eight studies on African-Americans,
six studies on Hispanic-Americans and three studies on
Asian-Americans reported unadjusted effect estimates on
COVID-19 severity among hospitalised patients and the
4

pooled ORs showed no significant differences between
ethnic groups, except for a higher risk in Asian-Americans
(3.10; 1.83 to 5.26) (online supplemental appendix figure
7). The level of heterogeneity was moderate for African-
Americans (I2=68%) and Hispanic-Americans (I2=59%),
but not for Asians. No sign of asymmetry was found based
on the funnel plots. Three studies on African-Americans
and two studies on Hispanic-
Americans adjusted for
multiple factors, but severity of disease did not differ
between the ethnic groups in the pooled data (online
supplemental appendix figure 8).
Admission to ICU among hospitalised COVID-19 patients
All studies on admission to ICU were conducted in the
USA. The summary of pooled unadjusted and adjusted
rates for admission to ICU, stratified by ethnicity is shown
in figure 5. Eight studies on African-Americans, three
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Figure 1 Flow diagram for assessment of eligible studies in the systematic review and meta-analysis. EPPI Centre (COVID-19:
a living systematic map of the evidence) was consulted up to 31 March 2020 (available through https://eppi.ioe.ac.uk/
COVID19_MAP/covid_map_v5.html).
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Country

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

Mehta N

Zachariah P

Haimovich AD

Van Gerwen M

Maeda T

Mikami T

Singer AJ

McCullough SA

Price CC

Golestaneh L

Palaiodimos L

Musoke N

Price-Haywood
EG

Kim L

Chamie G

McCarty TR

Bhargava A

Peterson E

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

March 2020–
April 2020

March 2020–
April 2020

March 2020–
April 2020

355

197

379

April 2020–April 3871
2020

Cross-sectional

2490

3626

355

200

505 992

239

756

4404

6493

224

3703

2182

50

18 472

Hospital

Hospital

Hospital

General
population

Hospital

Hospital

Hospital

Hospital

Hospital

Hospital

Hospital

General
population

General
population

Hospital

General
population

Hospital

Hospital

Hospital

Study size
(total n)
Setting

March 2020–
May 2020

March 2020–
April 2020

March 2020–
May 2020

March 2020–
March 2020

March 2020–
April 2020

March 2020–
March 2020

March 2020–
April 2020

March 2020–
April 2020

March 2020–
April 2020

March 2020–
March 2020

March 2020–
April 2020

March 2020–
April 2020

March 2020–
April 2020

March 2020–
April 2020

Recruitment
window

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Study design

Characteristics of 58 included studies by continent

From medical
records

Self-reported

Determined by
physician

From medical
records

From medical
records

From medical
records

Not reported

Not reported

Not reported

From medical
records

Not reported

Ethnicity based
on

From medical
records

Self-reported

Not reported

From medical
records

Self-reported

African-American, Caucasian, Not reported
Others

White, Black

White, Black, Latinx

White, Hispanic/Latinx,
Asian/Pacific Islander, Other

Non-Hispanic White, Non-
Hispanic Black, Hispanic,
Non-Hispanic Other,
Unknown

White Non-Hispanic, Black
Non-Hispanic

African-American, Caucasian, From medical
Hispanic, Other
records

African-American, Hispanic

Non-Hispanic White, Non-
Hispanic Black, Hispanic,
Other

African-American, Hispanic,
White, Other

White, Black, Asian, Other,
Not specified

White, Black, Asian, Other,
Unknown, Hispanic

White, African-American,
Asian, Other

White, Black, Asian, Other

Non-Hispanic White, Non-
Hispanic Black, Other,
Unknown

Not Hispanic or Latino,
Hispanic or Latino/White,
Black or African American

White, Hispanic

White, Black, Other

Ethnic groups

*

*

*

*‡

*

*‡§

†

*

*§

*

*§

*

*

*§

*

Hospita- Severe
Infection lisation
disease

Reported on COVID-19 outcome

*§

*†§

*

*

*

ICU
admission

Continued

§

*§

*†§

*‡§

§

†

*§

*†

*§

*§

Death
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USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

Ingraham NE

Gottlieb M

Petrilli CM et al25

Argenziano MG

McGuinness G

USA (NA)

Dublin S

USA (NA)

USA (NA)

Chang TS

Costa Monteiro
AC

USA (NA)

Mendy A

USA (NA)

USA (NA)

Gu T

Crouse A

USA (NA)

Kalyanaraman
MR

USA (NA)

USA (NA)

Shah SJ

McPadden J

Country

Continued

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Cross-sectional

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Study design

26 602

689

5698

22 176

7995

January 2020–
June 2020

March 2020–
April 2020

March 2020–
April 2020

January 2020–
June 2020

March 2020–
August 2020

March 2020–
April 2020

601

1000

5279

8673

5577

112

February 2020– 25 326
June 2020

March 2020–
April 2020

February 2020– 322 044
June 2020

March 2020–
June 2020

March 2020–
May 2020

March 2020–
April 2020

March 2020–
April 2020

General
population

Hospital

Hospital

General
population

Hospital

Hospital

General
population

Hospital

Hospital

Hospital

Hospital

General
population

General
population

Hospital

Study size
(total n)
Setting

February 2020– 316
March 2020

Recruitment
window

Self-reported

Self-reported

Self-reported

From medical
records

From medical
records

From medical
records

Not reported

Not reported

From medical
records

Non–Hispanic, Hispanic,
Unknown

Not reported

Asian, Black or African
From medical
American, Hispanic or Latino, records
Other, White

Non-Hispanic White, Non-
Hispanic African-American,
Asian, Hispanic, Other/
multiracial, Unknown

White, African American,
Asian, Other, Unknown

White, Black, Asian,
Hispanic, Declined to report,
Other

White, Latinx, Asian, Black,
Other

African-American, White,
Other

American Indian, Asian,
Black/African-American,
Hawaiian/Pacific Islander,
Hispanic, White

Non-Hispanic White,
Not reported
Non-Hispanic Black, Non-
Hispanic Asian, Non-Hispanic
Mixed/Other, Hispanic

White or Caucasian, Black
or African-American, Asian,
American-Indian or Alaska-
Native, Native-Hawaiian or
Other Pacific Islander, Other,
Unknown

Non-Hispanic Whites, Non-
Hispanic Blacks, Hispanics,
Other

White, Black, Other,
Unknown

*

*

*§

§

*

*§

*†§

*

*§

*§

§

*

*§

*§

*

*

*§

*

From medical
records
*

Hospita- Severe
Infection lisation
disease

Ethnicity based
on

Black, Hispanic, White, Asian Not reported
or Pacific Islander, Other

White, Black or African-
American, Asian, Hispanic
or Latino

Ethnic groups

Reported on COVID-19 outcome

*

*§

*§

ICU
admission

Continued

*§

*

*

Death
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Country

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

USA (NA)

Brazil (SA)

Brazil (SA)

Italy (EU))

Spain (EU)

Spain (EU)

Rozenfeld Y

Harrison SL

Adegunsoye A

Gold JAW

Killerby ME

Tenforde MW

Mani VR

Chilimuri S

Gavin W

Baqui P

Soares RCM

Ciceri F

Berenguer J

Martos Pérez F

Continued

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Cross-sectional

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Cross-sectional

Retrospective
cohort study

Retrospective
cohort study

Cross-sectional

Retrospective
cohort study

Retrospective
cohort study

Study design

140

375

184

350

531

305

4413

31 461

3987

February 2020– 96
April 2020

March 2020–
March 2020

February 2020– 410
March 2020

February 2020– 10 713
June 2020

February 2020– 7371
May 2020

March 2020–
March 2020

March 2020–
April 2020

March 2020–
April 2020

March 2020–
May 2020

March 2020–
April 2020

March 2020–
March 2020

January 2020–
April 2020

January 2020–
May 2020

Hospital

Hospital

Hospital

General
population

Hospital

Hospital

Hospital

Hospital

General
population

Hospital

Hospital

General
population

General
population

General
population

Study size
(total n)
Setting

February 2020– 34 503
April 2020

Recruitment
window

From medical
records

African-American, Hispanic,
Asian

Spain (Malaga), Spain (other
province), Abroad (EC),
Abroad (non-EC)

Arab, Asian, Black, Latin
American, White, Other

European, Asian, Hispanic

White, Black/multiracial,
Asian/Indigenous/unknown

White, Pardo, Black, East-
Asian, Indigenous

African-American, White,
Asian, Hispanic, Not
recorded

Not reported

From medical
records

Not reported

From medical
records

Self-reported

Not reported

From medical
records

Self-reported

White Non-Hispanic, Black
non-Hispanic, Hispanic,
Other Non-Hispanic,
Unknown

Black, Hispanic, Other

Not reported

Determined by
physician

Self-reported

Not reported

From medical
records

Ethnicity based
on

White, Black, Other, Missing

Black, Other

Black, White, Asian/Mideast
Indian, American Indian/
Alaska native, Multiracial,
Native Hawaiian, Other,
Hispanic or Latino, Not
Hispanic or Latino

White, Black/African
American, Asian, Native
Hawaiian/Pacific Islander,
American Indian/Alaska
Native, Unknown

White, American Indian/
Alaska native, Asian, Black/
African-American, Native
Hawaiian/Pacific Islander,
Unknown, Other, Hispanic

Ethnic groups

*

*§

*

*

*§

†§

*

Hospita- Severe
Infection lisation
disease

Reported on COVID-19 outcome

*

*

ICU
admission

Continued

*

*

*

*

*

*

*

*

*

†

Death
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UK (EU)

Singapore
(AS)

Thailand (AS) Cross-sectional

Sun Y

Bruminhent J

March 2020–
April 2020

March 2020–
April 2020

January 2020–
February 2020

March 2020–
March 2020

March 2020–
April 2020

March 2020–
April 2020

March 2020–
May 2020

403

788

1530

16 272

410

2658

8 275 949

2217

General
population

Hospital

General
population

Hospital

Hospital

General
population

GP cohort

Hospital

Hospital

General
population

General
population

Hospital

Self-reported

From medical
records

Not reported

Self-reported

Self-reported

Thai ethnicity, Non-Thai
ethnicity

Chinese, Malay, Indian,
Others

Asian, White, Black,
Unknown

Asian, Black, Mixed, Other,
White

Asian, Black, White, Other,
Unknown

White British, White Irish,
White Other, Mixed, South
Asian, Black, Chinese, Other

From medical
records

Not reported

Not reported

From medical
records

From medical
records

Self-reported

White/not recorded, Indian,
Not reported
Pakistani, Bangladeshi, Other
Asian, Caribbean, Black-
African, Chinese, Other

White, Mixed/Multiracial,
South-Asian/South-Asian
British, Black/African-
Caribbean/Black-British,
Other, Unknown

White, Black, Asian, Other,
Missing

White, Asian, Black, Mixed,
Other

White Caucasian, South
Asian, Black

Black, Asian, Other, White

Ethnic groups

Ethnicity based
on

Reported outcomes
List of references for included studies is available in online supplementary appendix table 1.
*unadjusted numbers or ORs
†age-adjusted ORs
‡age and sex-adjusted ORs
§ORs adjusted for multiple factors (all multivariably adjusted odds ratios and adjustment factors are summarised in online supplemental appendix table 2).
AS, Asia; EU, Europe; ICU, intensive care unit; NA, North America; SA, South America.

Case–control
study

Retrospective
cohort study

Case–control
study

Retrospective
cohort study

Retrospective
cohort study

3802

4051

528 494

Study size
(total n)
Setting

February 2020– 614
April 2020

January 2020–
April 2020

March 2020–
April 2020

Prospective cohort January 2020–
study
April 2020

Corbett RW

UK (EU)

Hippisley-Cox J

Retrospective
cohort study

UK (EU)

UK (EU)

Sapey E

Retrospective
cohort study

Aldridge RW

UK (EU)

Perez-Guzman
PN

Cross-sectional

UK (EU)

UK (EU)

de Lusignan S

Cross-sectional

Brill SE

UK (EU)

Martin CA

Recruitment
window

Prospective cohort March 2020–
study
April 2020

UK (EU)

UK (EU)

Lassale C

Study design

Niedzwiedz C L

Country

Continued

*

*

*§

*‡§

*

†§

*§

*

Hospita- Severe
Infection lisation
disease

Reported on COVID-19 outcome

*

ICU
admission

†

*

*

*†

Death
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Pooled unadjusted and adjusted risk of SARS-CoV-2 infection among the general population in the USA.

studies on Asian-Americans and five studies on Hispanic-
Americans provided unadjusted effect estimates on
ICU admissions among hospitalised COVID-19 patients
and the pooled analysis showed no statistically significant differences across ethnic groups except for Asian-
Americans that had a higher risk of admission to ICU
compared with the White-Americans (1.92; 1.02 to 3.62)
(online supplemental appendix figure 9). There was only

Figure 3

a moderate level of heterogeneity for Hispanic-Americans
(I2=57%). One study each with African-Americans and
Hispanic-
Americans provided data on age-
adjusted
rates and none found a significant difference between
the ethnic groups. Four studies on African-Americans,
three studies on Hispanic-Americans and one study on
Asian-Americans provided data on ICU admission with
adjustment for multiple factors, but the pooled analyses

Pooled unadjusted and adjusted risk of hospitalisation among COVID-19-infected patients in the USA.
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Figure 2

BMJ Global Health

Pooled unadjusted and adjusted risk of severe disease among hospitalised COVID-19-infected patients in the USA.

showed no significant differences between the ethnic
groups (online supplemental appendix figure 10).
Death among hospitalised COVID-19 patients
Studies from USA, Europe and Brazil provided data
on ethnic differences in death among hospitalised
COVID-19 patients. For the US studies, the summary of
pooled unadjusted and adjusted OR for death among
hospitalised COVID-
19 patients stratified by ethnicity
is shown in figure 6. The pooled unadjusted OR for
deaths among hospitalised COVID-
19 patients in the

Figure 5

10

USA was lower in Hispanic-
Americans (0.49; 0.37 to
0.65, 5 studies) and African-
Americans (0.70; 0.61 to
0.81, 11 studies), but not Asian-Americans (0.91; 0.63 to
1.31, 3 studies) compared with White-Americans (online
supplemental appendix figure 11). Three studies on
African-Americans, two on Asian-Americans, one each
on Hispanic-Americans and Native Hawaiians provided
age-adjusted data on the rates of death among hospitalised COVID-
19 patients. The pooled age-
adjusted
ORs showed no significant ethnic differences except for

Pooled unadjusted and adjusted risk of ICU admission among hospitalised COVID-19 patients in the USA.
Agyemang C, et al. BMJ Global Health 2021;6:e007433. doi:10.1136/bmjgh-2021-007433
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Figure 4
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Pooled unadjusted and adjusted risk of death among hospitalised COVID-19 patients in the USA.

lower rate in Hispanic-Americans (0.42; 0.32 to 0.56, 1
Americans. Nine studies
study) compared with White-
on African-Americans, 5 studies on Hispanic-Americans
and two studies on Asian-Americans provided data with
adjustments for multiple factors; and the pooled analysis
showed no significant ethnic differences (online supplemental appendix figure 12).
In Europe, four studies on African-Caribbeans/Black-
Africans, four studies on Asians, two studies on South-
Americans (Hispanics), one study each on South-Asians
and Arabs and four studies on Mixed-
race provided
unadjusted effect estimates on death among hospitalised
COVID-19 patients. The pooled unadjusted data stratified
by ethnicity are shown in online supplemental appendix
figure 13. The risk of death did not differ between the
ethnic groups except for the significantly lower for risk
for Hispanics (0.31; 0.19 to 0.48) and South-Asians (0.68;
0.54 to 0.86) compared with Whites.
In Brazil, two studies on Afro-Brazilians, one on Indigenous and one on East-
Asians provided unadjusted
effect estimates on death from COVID-19 in hospitalised patients. The analysis showed a higher risk of death
among Afro-Brazilians (1.56; 1.10 to 2.22) and East-Asians
(1.45; 1.04 to 2.02), but not among Indigenous (1.78;
0.64 to 4.91) compared with White Brazilians (online
supplemental appendix figure 14). One study provided
data with adjustment for multiple factors on risk of death
among Afro-
Brazilian, mixed-
race Brazilian and East-
Asian Brazilian hospitalised patients and found a significantly higher risk of death in Afro-Brazilians (1.32; 1.15
to 1.52) and mixed-race Brazilians (1.45, 1.33 to 1.58)
compared with White-Brazilians.

Discussion
Key findings
The risk of confirmed SARS-CoV-2 infection was higher
in African-
Americans, Hispanic-
Americans and Asian-
Americans in the USA and in African-Caribbeans/Black-
Africans, South-
Asians, Mixed-
race people in Europe,
compared with their respective White peers. These
differences were also significant after adjustment for
confounders and explanatory factors in the US ethnic
minorities and in African-
Caribbeans/Black-
Africans
in Europe. African-Americans and Hispanic-Americans
were also more likely than White-Americans to be hospitalised with SARS-CoV-2 infection even after adjustment
for other factors. The outcomes subsequent to hospitalisation (ie, severe disease, ICU admission and death
among hospitalised patients) did not differ between the
ethnic groups in the USA, except for Asian-Americans
for severe disease (higher risk) and for African-American
and Hispanics for death (lower risk when unadjusted). In
Brazil, Afro-Brazilians and East-Asians had higher risks of
death compared with Whites.
Discussion of the key findings
The disproportionately high risk of confirmed SARS-
CoV-
2 infection in some ethnic groups in both USA
and Europe have been attributed to several factors,
most of which have their roots in social determinants
of health.1 18 19 Ethnic minorities are often congregated
to the lower end of the socioeconomic ladder leading
to over-
representation in front line essential jobs in
health and social care, retail, public transport and other
sectors, which make them more exposed to the public
and consequently higher risk of SARS-CoV-2 infection. In

Agyemang C, et al. BMJ Global Health 2021;6:e007433. doi:10.1136/bmjgh-2021-007433
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COVID-19 severity and subsequent ICU admissions, had
a lower age-adjusted risk of death than White-Americans
in the USA for reasons that are not yet unclear. Similar
picture was observed for the risk of death among hospitalised COVID-19 patients in Europe where the unadjusted
risk of death was lower in hospitalised South-Asians and
Hispanics and no differences between Whites and other
ethnic groups.
The contrast between our findings of no difference in
most ethnic groups or even reduced risk of death among
hospitalised patients and that of reported higher risk of
death in ethnic minorities in the general population can
be attributed to two mechanisms: first of all, the studied
outcomes occur sequentially among patients. We considered risks of severe disease, ICU admission and death
among hospitalised patients. If specific ethnic groups
have an increased risk of getting infected, and subsequently an increased risk of getting hospitalised with
SARS-CoV-2 infection, but once hospitalised no increased
risk of death, then the overall population of that group
still is at increased risk of dying of COVID-19 among the
general population. Second, high risk of death reported
among ethnic minorities in the general population might
be driven by multiple factors such as lack of or inadequate health insurance and consequent limited access to
care, which may lead to deaths at home.33 Our findings
of no increased risk of death among hospitalised ethnic
minority patients with COVID-19 thus suggests a clear
need to eliminate the potential factors that may prevent
their access to healthcare.
Several ethnic minority hospitalised patients in Brazil
had an increased risk of death compared with their White
Brazilian counterparts. The high risk of death among
the Brazilian ethnic minority groups has been pointed
to poor access to high quality care driven by unfavourable social determinants of health in ethnic minorities
in Brazil.34
Strengths and limitations
Our analyses were based on data from four continents
and included only peer-
reviewed published papers,
whereas earlier works included large number of preprint
papers. Additionally, we strived to provide data on the
various heterogeneous ethnic groups where possible, and
stratified our analyses according to the context, which
ethnic minority groups live rather than lumping them
together. There are also limitations to our meta-analysis.
Large number of the included studies were based on
crude unadjusted estimates making comparability somewhat difficult due to potential confounding effect of age
and other sociodemographic factors, which might vary
between the ethnic groups. Furthermore, although our
meta-analyses yielded data from several regions in the
world, most of the work were carried out in the USA
and Europe (especially UK) with only few studies carried
out in South America (only in Brazil) and Asia (only in
Thailand and Singapore) and no studies from Africa.
This makes extrapolation of our findings to these world
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addition, individuals from ethnic minority backgrounds
more often reside in poor neighbourhoods characterised
by high crime rates, poor access to healthy foods and
crowed housing with sometimes multiple generations
or different families living under the same roof mainly
due to low SES. Such enclosed and crowded environments facilitate the spread of SARS-CoV-2 infection as
social distancing and self-isolation may not be possible
in these environments.20 Indeed, adjustment for age,
sex, comorbidities and SES and other relevant factors
yielded increased risk estimates of infection in African-
American, Asian-
Americans and Hispanic-
Americans,
suggesting that such factors play a disadvantageous role
among minorities. However, social and economic circumstances of ethnic minorities may not be well captured by
our socioeconomic indicators such as education, income
and employment, suggesting considerable residual
confounding and underestimation of increased risks for
ethnic minorities.1 18 Moreover, public health messaging
to prevent SARS-CoV-2 infection might be less effective in
ethnic minorities due to language barriers, misinformation and lack of trust in public officials.1 These findings
clearly suggest the need for further studies to identify key
specific social determinants of health that contribute to
the high risk of confirmed SARS-CoV-2 infection in some
ethnic groups to facilitate prevention and treatment
efforts.
The higher rates of hospitalisation with COVID-
19
among African-Americans and Hispanic-Americans in the
USA are consistent with their higher rates of confirmed
SARS-CoV-2 infection. In addition, increased rates have
been linked with poor access to primary healthcare,
or delay in seeking healthcare21 and high rates of pre-
existing chronic conditions.18 22–28 In the USA, African-
Americans and Hispanic-Americans are less likely to have
health insurance, with consequent reduced healthcare
access and use.18 29 This might have resulted in higher
rates of hospitalisation due to late presentation. Pre-
existing chronic conditions such as diabetes and hypertension are more common among African-Americans and
Hispanic-Americans than the White population, which
may contribute to the higher rate of hospitalisation.30 31
It has been demonstrated that the risk of hospitalisation
with COVID-19 is higher in individuals with pre-existing
chronic conditions than those without.29
It is well established that ethnic minority groups in the
USA and the UK have a higher risk of death from the
COVID-19 disease than their White counterparts in the
general population.5 32 The UK’s ICNARC report also
showed that people from ethnic minority background
were over-represented in the ICU.2 In our current meta-
analysis, there were no ethnic differences in the risk of
COVID-19 severity and ICU admission among hospitalised patients except for Asian-
Americans in the USA.
Furthermore, there was no increased risk of death
among hospitalised ethnic minority patients relative to
the White population except for ethnic minority groups
in Brazil. Even Asian-Americans who had a higher risk of

BMJ Global Health

CONCLUSION
In conclusion, the risk of confirmed SARS-CoV-2 infection was higher in most ethnic minority groups than their
White counterparts in North American and Europe with
the differences remaining in the US ethnic minorities
after adjustment for other factors. African-Americans and
Hispanic-Americans were also more likely than White-
Americans to be hospitalised with SARS-
CoV-
2 infection. In spite of the high risk of infection, hospitalisation
and severity in some ethnic minority groups, there was
no increase in the risk of death among ethnic minority
patients once hospitalised except for increased risk in
ethnic minority groups in Brazil.
These data support the notion that ethnic minority
status is an important social determinant of COVID-
related health outcomes, likely through association with
other social determinants including housing, employment situation, SES, general health status and extended
effects of racism. These findings suggest the need for
further research to understand the broader social determinants of health including housing, work and social
structures that produce these inequalities to facilitate
COVID-19 prevention and access to healthcare. Additionally, these conclusions should be taken into account in
policies aimed at mitigating the ongoing pandemic, especially since global vaccination rates are still suboptimal.
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