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A B S T R A C T

Background: Patients from ethnic minority groups are disproportionately affected by Coronavirus disease
(COVID-19). We performed a systematic review and meta-analysis to explore the relationship between eth-
nicity and clinical outcomes in COVID-19.
Methods: Databases (MEDLINE, EMBASE, PROSPERO, Cochrane library andMedRxiv) were searched up to 31st
August 2020, for studies reporting COVID-19 data disaggregated by ethnicity. Outcomes were: risk of infec-
tion; intensive therapy unit (ITU) admission and death. PROSPERO ID: 180654.
Findings: 18,728,893 patients from 50 studies were included; 26 were peer-reviewed; 42 were from the
United States of America and 8 from the United Kingdom. Individuals from Black and Asian ethnicities had a
higher risk of COVID-19 infection compared toWhite individuals. This was consistent in both the main analy-
sis (pooled adjusted RR for Black: 2.02, 95% CI 1.67�2.44; pooled adjusted RR for Asian: 1.50, 95% CI
1.24�1.83) and sensitivity analyses examining peer-reviewed studies only (pooled adjusted RR for Black:
1.85, 95%CI: 1.46�2.35; pooled adjusted RR for Asian: 1.51, 95% CI 1.22�1.88). Individuals of Asian ethnicity
may also be at higher risk of ITU admission (pooled adjusted RR 1.97 95% CI 1.34�2.89) (but no studies had
yet been peer-reviewed) and death (pooled adjusted RR/HR 1.22 [0.99�1.50]).
Interpretation: Individuals of Black and Asian ethnicity are at increased risk of COVID-19 infection compared
to White individuals; Asians may be at higher risk of ITU admission and death. These findings are of critical
public health importance in informing interventions to reduce morbidity and mortality amongst ethnic
minority groups.

© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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1. Introduction

Over 39 million people have been infected with Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) and over 1 mil-
lion have died from Coronavirus Disease (COVID-19) since December
2019 [1]. Ethnicity has come under scrutiny as an important risk fac-
tor for infection, severe disease and death, with evidence that ethnic
minorities may be at increased risk of COVID-19 morbidity and mor-
tality [2,3].

Understanding the relationship between ethnicity and COVID-19
is an urgent research priority, in order to reduce the disproportionate
burden of disease in Black, Asian and other minority ethnic groups
[4,5]. Recently there has been an increase in the volume of literature,
both published and in preprint servers, on the association of ethnicity
with vulnerability to COVID-19 infection and clinical outcomes [6]. A
comprehensive synthesis of existing evidence examining the rela-
tionship between ethnicity and COVID-19 is urgently needed in order
to inform clinical care and public health policy. In particular, it is
important to disentangle whether worse reported outcomes in ethnic
minority groups are attributable to an increased risk of becoming
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Research in context

Evidence before this study

Increasing evidence suggests that individuals from certain eth-
nic groups may have worse clinical outcomes from Coronavirus
disease (COVID-19). However, whether the associations are
related to increased vulnerability to infection, or more severe
disease (intensive therapy unit (ITU) admission or mortality) is
unknown. There is no published meta-analysis of existing data
on this topic.

Added value of this study

In this systematic review and meta-analysis, we searched mul-
tiple databases (within MEDLINE, EMBASE, PROSPERO and the
Cochrane library) and preprint data on MedRxiv from 1st
December 2019 to 31st August 2020. 18,728,893 patients from
50 studies were included in the meta-analyses; by 31st August,
26 were peer-reviewed. In pooled adjusted analyses, Black and
Asian individuals had an increased risk of infection with Severe
Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) com-
pared to White individuals, consistent in both the main analysis
and sensitivity analysis examining only peer-reviewed studies.
Asian patients may also have a higher risk of ITU admission
(although all studies examining ITU admission in Asians were
not yet peer-reviewed); and death (pooled adjusted risk ratios
approached significance).

Implications of all the available evidence

This is the first meta-analysis to report on the effect of ethnicity
on clinical outcomes in patients with COVID-19. We found
increased risk of infection amongst those of Black and Asian
ethnicities compared to White individuals. Asian individuals
may also be at higher risk of ITU admission and death, even
when confounders such as age, sex and comorbidities are
adjusted for. Future studies must explore the reasons for this
suggested association, adjusting for the risk of infection. Our
findings are of critical public health importance and should
inform policy on minimising SARS-CoV-2 exposure in ethnic
minority groups.
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infected, developing severe COVID-19 pneumonia or death. We
therefore conducted a systematic review and meta-analysis of both
published and preprint research to study the association of ethnicity
with COVID-19 infection and outcomes. Specifically, we aimed to
identify ethnic differences in the risk of becoming infected with
SARS-CoV-2 as well as subsequent intensive therapy unit (ITU)
admission (a surrogate marker for severe COVID-19 pneumonia) and
death.

2. Methods

We conducted the research according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines, and registered our review on PROSPERO (PROSPERO ID:
180654) on 21st April 2020 [7].

2.1. Data sources and searches

An academic librarian (PD) developed the search strategies, and
carried out a search of the databases MEDLINE, EMBASE, PROSPERO
and the Cochrane Library, as shown in the Supplementary materials
1. We searched for any articles published in English from 1st
December 2019 to 31st August 2020. We also reviewed any peer
reviewed publications onMedRxiv during the same period.

We included studies with original clinical data on COVID-19 infec-
tion, ITU admission, or mortality disaggregated by ethnicity. We
excluded correspondence pieces, area level studies (reporting aggre-
gated data rather than individual risk), and predictive modelling
(mathematical modelling, machine learning or computational) stud-
ies, or those that only included basic science or animal data or did
not report individual data (e.g. studies of infection breakouts).
Retracted papers were also excluded. If studies assessed race and eth-
nicity separately, data were only extracted for mutually exclusive
groups. For example, if two separate variables were presented: for
‘race’ and ‘ethnicity’, the variable which included ‘Black, Asian and
White’ was chosen to represent ethnicity. We predicted that this
would most commonly occur in some American studies, where eth-
nicity may be used to refer to ‘Hispanic’ or ‘Non-Hispanic’, and race to
refer to ‘Black, Asian and White’. This was a pragmatic way of ensur-
ing that we assessed ethnicity in a standardised way, across multiple
studies which assessed ethnicity or race differently.

We attempted to minimise the possibility of including patients
from the same population twice when exploring one outcome.
Where multiple studies of what is likely to be the same population
were identified (for example, multiple studies using the UK Biobank
database or data from national GP records), the most recent version
up to 31st August 2020 was used, with published peer-reviewed
studies favoured over those in the preprint database (up to 31st
August 2020). Papers which covered a larger number of patients over
a longer period of time were favoured over smaller studies, should it
be likely that they both investigated the same patients. However,
studies which assessed different cohorts of patients (for example,
from different countries) in the same paper, or studies which were
based on the same population but explored different outcomes were
included in the analysis.

2.2. Study selection and data collection

DP and SS independently screened titles, abstracts and full-text
articles reporting potentially eligible studies. Disagreements were
resolved by discussion or consultation with an adjudicator (MP)
when necessary.

2.3. Data extraction

One reviewer (DP, SS, CAM, JN, JSM, LBN) independently extracted
data from each potentially eligible article. Data extraction was dupli-
cated for all papers by an independent researcher (CN). We stratified
patients into the following ethnic groups based on the categorisa-
tions used in the included papers: White (including White British,
Caucasian, White European); Asian (including South Asian, Asian/
Pacific-Islander and Chinese); Black (including Black Caribbean and
Black African); Hispanic (including Hispanic and Latino); Native
American; Mixed and Other. Individuals who had ethnicity data miss-
ing were excluded. When the proportion of patients of each ethnicity
was not presented in the text, we calculated the proportion from
data presented in tables, or supplementary material from the manu-
script. The outcomes studied in relation to different ethnic groups
were:

- Infection with SARS-CoV-2
- ITU admission
- Death

Patients with COVID-19 were defined as those who tested positive
for SARS-CoV-2 by nasopharyngeal swab or had clinical evidence of
COVID-19, as indicated by clinical signs and symptoms, along with
radiology and laboratory tests. We excluded studies which defined
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patients with COVID-19 as positive by serology, since serological tests
are not always initially positive during acute infection and were not
widely available or validated when we started our meta-analysis in
April 2020.

2.4. Quality assessment

Quality assessment was carried out by DP, SS, CAM, JN, JSM, and
LBN. The Joanna Briggs Institute Critical Appraisal Tools were used to
assess the quality of evidence for all studies relevant to each study
design [8]. Each primary study was assigned two points if they satis-
fied the criteria used in the relevant tool; one if only partially satis-
fied, and zero if not satisfied. Any disagreements were resolved
through group consensus. A quality appraisal score was calculated by
using the numerator and denominator relevant for each study. Publi-
cation bias was assessed visually using funnel plots and formally
with Egger’s test for primary analyses including at least 10 studies
[9].

2.5. Statistical analysis

We first synthesised data on the prevalence of each outcome and
unadjusted data by ethnicity. We excluded studies which did not
record all clinical outcomes. Raw counts were used for the unad-
justed data to calculate odds ratios (OR) and 95% confidence intervals
(CI).

We also synthesised data adjusted for key confounders. For risk of
infection and ITU admission, we extracted adjusted risk ratios (RR).
Adjusted OR were converted to adjusted RR using the conversion
method as recommended by the Cochrane Handbook [10]. For mor-
tality, we extracted adjusted hazard ratios (HR) (95% CI) where possi-
ble, and assumed adjusted RR to approximate an adjusted HR.

Some studies presented multiple models with different sets of
confounders. We included the model which most closely matched
our a priori chosen confounders of age, sex, deprivation, obesity, and
comorbidities. We recorded other confounders that a study had
adjusted for, including the way comorbidities were considered. For
Fig. 1. PRISMA flow
both the adjusted and unadjusted comparisons, data were extracted
for analyses which used White ethnicity as the reference group.

For ITU admission and mortality, we included studies which
reported suspected or confirmed COVID-19 patients in their analyses.
For mortality, we conducted a further analysis to include studies
which looked at the risk of death from COVID-19 in the general popu-
lation (i.e., those with and without COVID-19). Sensitivity analyses
were also conducted excluding:

- For the outcome of death, studies which did not include data for
those still hospitalised at the end of the follow-up, since these
studies may underestimate death;

- Studies which were of mixed populations (hospitalised and non-
hospitalised patients), since these studies may also underesti-
mate ITU admission or death;

- Studies which were not peer reviewed (onMedRxiv)

For all outcomes and data types, we synthesised data (prevalence,
unadjusted OR and adjusted RR/HR) using the DerSimonian and Laird
random effects model [11]. I2 was used to assess heterogeneity. All
meta-analyses were conducted using Stata version 16.1 (StataCorp,
United States). P values <0.05 were considered to be statistically sig-
nificant.

2.6. Role of funding

The funders had no role in study design, data collection and analy-
sis, decision to publish, or preparation of the manuscript.

3. Results

3.1. Study selection

611 articles were identified in the published literature between
1st December 2019 and 31st August 2020 as shown in Fig. 1. An addi-
tional 901 articles were identified from MedRxiv within the same
period, giving a total of 1512 articles. 218 articles were excluded
chart of study.
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because they did not report on individuals with COVID-19; 95 were
excluded as they did not mention ethnicity. Two papers were
excluded due to retraction during the study period. Of the remaining
1197 articles that were assessed for eligibility in full-text screening,
970 did not meet inclusion criteria (reasons for exclusion, Fig. 1). A
further 177 were excluded from the meta-analysis, including 19 stud-
ies which defined patients with COVID-19 as those with positive
SARS-CoV-2 serology. 147 studies which provided no data on our
predefined outcomes, and 11 studies in which the cohort was likely
to have overlapped with another paper included in our data synthe-
sis.

3.2. Study characteristics

A total of 18,728,893 patients from 50 papers were included in the
meta-analyses after excluding any missing data within the studies;
14,506,023 (77%) were White; 1,267,802 (7%) were Asian; 527,944
(3%) were Black, 1,578,192 (8%) were Hispanic, 1,113 were Native
American, 229,822 (2%) were Mixed, and 617,997(3%) were of Other
ethnic group [12�61, 81].

Detailed descriptions of the included studies are shown in Table 1.
All studies included patients who had a positive SARS-CoV-2 poly-
merase-chain reaction (PCR) test by nasopharyngeal swab; two pub-
lished studies also included patients who were diagnosed with
COVID-19 based on clinical suspicion (suggestive clinical presenta-
tion, radiology and other blood tests/observations) [29,36]. Most
studies (n = 42, 84%) were from the USA; the remaining eight (16%)
were from the UK (Table 1). One study described two separate
cohorts from the USA and the UK [21]. One study was a case series;
one was a cohort and a case control; three were cross-sectional and
the remaining were cohort studies. 28 (56%) reported on patients in
hospital; nine (18%) reported on patients in the community; 13 (26%)
reported on both. As of 31st August 2020, over half (n = 29, 58%) of
papers included were published.

The overall quality of published articles was higher than those in
preprint (median published quality score: 84%, interquartile range
73%�91%; median preprint article score: 73%, interquartile range
66%�82%); although both published articles and those presented on
preprint servers maintained relatively high quality scores throughout
the study period, as shown in Fig. 2.

Table 2 shows the quality assessment score of all 50 articles, the
outcomes each study investigated, comorbidities included in the
paper and confounders that were adjusted for. 14 (28%) studies
investigated the risk of infection; 15 (30%) investigated the risk of
ITU admission and 33 (66%) investigated the risk of death. Only one
paper investigating the risk of infection did not consider comorbid-
ities. 15 (30%) studies did not adjust for any confounders when
assessing outcomes related to ethnicity.

3.3. Risk of SARS-CoV-2 infection

Pooled prevalence, unadjusted odds ratios (OR) and adjusted risk
ratios (RR) for the risk of SARS-CoV-2 infection, stratified by ethnicity
is shown in Table 3. Pooled prevalence of infected patients was high-
est in those of Black ethnicity. In adjusted analyses, those of Black
ethnicity were twice as likely to become infected with SARS-CoV-2
compared to White individuals (pooled adjusted RR 2.02, 95% CI
1.67�2.44, I2=84.2%, amongst 8 studies); Asian and Hispanic individ-
uals were also more likely to become infected compared to White
individuals (Asian: pooled adjusted: RR 1.50, 95% CI 1.24�1.83,
I2=67.3% across 5 studies; Hispanic: pooled adjusted RR 1.77, 95% CI
1.39�2.25 across 3 studies, I2=0.0%), as shown in Fig. 3. In sensitivity
analyses examining only peer-reviewed publications, increased risk
of infection amongst Black and Asian groups were maintained
amongst adjusted analyses (Black pooled adjusted RR:1.85, 95%CI:
1.46�2.35, I2=84.2% across 5 studies; Asian pooled adjusted RR: 1.51,
95% CI:: 1.22�1.88, I2=74.8% across 4 studies), but no studies investi-
gating Hispanic individuals had yet been peer-reviewed. Data for
Mixed and Native American ethnicities were limited by small num-
bers of patients. Across all pooled analyses, there were mixed levels
of heterogeneity.

3.4. ITU admission

Pooled prevalence, unadjusted OR and adjusted RR for the risk of
ITU admission stratified by ethnicity is shown in Table 4. Pooled prev-
alence was highest among those of Black ethnicity. In adjusted analy-
ses examining only hospitalised patients, Asians were more likely to
be admitted to ITU compared to White individuals (pooled adjusted
RR: 1.97, 95% CI: 1.34�2.89. I2=0.0% amongst 2 studies) as shown in
Fig. 4. However, no published studies by 31st August have assessed
the risk of ITU admission amongst Asian cohorts. Black (pooled
adjusted RR: 1.10, 95% CI:0.83�1.44, I2=54.5% amongst four studies)
and Hispanic (pooled adjusted RR: 1.16, 95% CI: 0.86�1.56, I2=52%
across 3 studies) patients were not at increased risk of ITU admission
compared to White individuals. When considering studies in which
the denominator were a combination of hospitalised patients and
those with COVID-19 in the community, the risk of ITU admission
was only higher in those of Black ethnicity compared to White eth-
nicity (pooled adjusted RR: 1.90, 95% CI: 1.38�2.61, I2=52.7% across 3
studies). Data for all ethnicities were limited by small numbers of
studies. Across all pooled analyses, there were lower levels of hetero-
geneity compared to risk of infection..

3.5. Mortality

Pooled prevalence, unadjusted OR and adjusted hazard ratio (HR)/
RR for the risk of death stratified by ethnicity is shown in Table 5.
Pooled prevalence was highest amongst White and Asian ethnicities.
In adjusted analyses of patients with COVID-19 only, there was a sig-
nal towards increased risk of death in Asian individuals compared to
White (pooled adjusted HR/RR: 1.22, 95% CI: 0.99�1.63, I2=61.8%
amongst 6 studies) as shown in Fig. 5. This signal was stronger in sen-
sitivity analyses looking only at studies including patients with
COVID-19 as well as those without COVID-19 in the general popula-
tion (pooled adjusted HR/RR: 1.33, 95% CI: 1.11�1.60, I2=69.0%
amongst 8 studies) as well as studies where the denominator was
hospitalised patients only (pooled adjusted HR/RR: 1.27, 95% CI:
1.01�1.57 across 5 studies, I2=64.7%) but was weaker when we
examined studies that only included those who had a documented
outcome of discharge, or death (pooled adjusted HR/RR: 1.18, 95%
CI:0.92�1.51 across 5 studies, I2=67.9%) and studies which had been
peer reviewed (pooled adjusted HR/RR:1.19, 95% CI:0.77�1.83 across
2 studies, I2=54.3%). In adjusted analyses, those of Black and Hispanic
ethnicities were not at increased risk of death compared to White
individuals, across all sensitivity analyses. Data for Native American,
Mixed and Other ethnicities were limited by small numbers of stud-
ies. Across all pooled analyses, there were lower levels of heterogene-
ity compared to risk of infection.

3.6. Risk of bias across studies

For prevalence estimates of infection, there was clear asymmetry
in funnel plots for Asian and White ethnic groups (Egger’s test
p = 0.002 and p<0.001 respectively, Supplementary materials 5).
Studies with very low estimates of infection had very high precision,
whereas studies with higher infection estimates had lower precision.
For unadjusted OR estimate of infection in Asian vs White ethnic
groups, Egger’s test indicates potential bias (p = 0.002). However the
funnel plot indicates that this result is being driven by an outlier
study (one with low precision but a high estimate of OR).



Table 1
Characteristics of included studies. Peer reviewed studies are highlighted in bold.

Study first author Country Study
design

Setting Published
period

Population White Asian Black Hispanic Mixed Native American Other

Ahmed USA Cohort Community and
Hospital

May 2020 All patients within Uhealth, Utah
Health system

13151 446 361 2804 0 223 542

Argenziano USA Case series Hospital May 2020 All patients who received care at a
New York Hospital

144 19 181 248 0 0 408

Auld USA Cohort Hospital May 2020 Critically ill adults across one aca-
demic health care system

39 7 153 0 0 0 18

Azar USA Cohort Hospital/
Community

May 2020 All patients at Sutter Health
healthcare system in Northern
California

6779 1432 940 2681 0 98 2105

Bril UK Cohort Hospital June 2020 Retrospective cohort study of first
450 patients admitted to one
hospital with confirmed COVID-
19

265 51 33 0 0 0 77

Caraballo USA Cohort Hospital May 2020 (sub-
sequently
published in
September
2020)

Yale Heart Failure Registry
(NCT04237701) includes 26,703
patients with heart failure across a
6-hospital integrated health care
system in Connecticut was queried
on April 16th, 2020 for all patients.

119 0 62 0 0 0 0

Chamie USA Cohort Community August 2020 Patients from the United in Health
Study � looking at participants
in San-Francisco

1442 326 0 1427 0 327 327

Crouse USA Cohort Community July 2020 Retrospective observational study of
subjects at the University of Ala-
bama in Birmingham Hospital

220 0 311 0 0 0 73

Ebinger USA Cohort Hospital July 2020 All patients who presented to a
Healthcare system in LA

283 35 58 0 0 0 66

Ellington USA Cohort Community June 2020 CDC reports of women of repro-
ductive age

18,817 2123 16,381 25,442 0 0 2620

Garibaldi USA Cohort Hospital May 2020 (sub-
sequently
published in
September
2020)

Five hospitals in the Johns Hopkins
Medicine system

266 48 333 134 0 0 43

Gold USA Cohort Hospital May 2020 Hospitalised adults in Georgia (pri-
marily metropolitan Atlanta)

32 8 247 10 0 0 0

Gu USA Cohort Community June 2020 Participants tested in Michigan 3374 0 981 0 0 0 486
Jun USA Cohort Hospital August 2020 Participants presenting to five acute

care hospitals in New York City,
within the Mount Sinai Health
system

689 144 825 892 0 0 458

Khan USA Cohort Community and
Hospital

May 2020 Patients presenting to TriNetX,
which has access to healthcare
records from 34 healthcare
organisations

3435 0 2621 0 0 0 0

Kim USA Cohort Hospital May 2020 154 acute care hospitals in 74
counties in 13 states, hospital-
ised patients

1178 0 755 306 0 0 251

Levy USA Cohort Hospital June 2020 Thirteen acute care hospitals in the
New York City Area, within the
Northwell Health System

4250 952 2336 0 0 0 3048

(continued on next page)
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Table 1 (Continued)

Study first author Country Study
design

Setting Published
period

Population White Asian Black Hispanic Mixed Native American Other

Lo UK Cohort Community June 2020 Participants in the USA and UK who
used the Covid symptom study
smartphone application

2104829 64662 13057 2379 48908 0 8893

Lo USA Cohort Community June 2020 Participants in the USA and UK who
used the Covid symptom study
smartphone questrionnaire

147325 6828 4977 9251 4774 00 2044

Lusignan UK Cross-
section

Community
and Hospital

May 2020 Patients from primary care medi-
cal records in the oxford RCGP
research and surveillance centre
network

2497 152 58 0 81 0 0

Marcello USA Cohort Hospital June 2020 Patients presenting to New York City
Health and Hospitals

2316 1739 5790 6249 0 0 6013

Marie Del Vale USA Cohort Hospital August 2020 Hospitalised patients at the Mount
Sinai Health System in New York

277 73 278 577 0 0 63

Martin UK Cohort Community
and Hospital

July 2020 Patients presenting to University
Hospitals of Leicester NHS Trust,
UK

3067 710 122 0 0 0 152

McCarty USA Cohort Hospital August 2020 Patients presenting to 9 Massachu-
setts hospitals

189 52 14 113 0 0 11

Mendy USA Cohort Community and
Hospital

June 2020 Patients diagnosed at the University
of Cincinnati health system

201 0 176 224 0 0 88

Miles UK Cohort Hospital July 2020 Patients admitted to one hospital
in London, aged 70+

138 16 16 0 19 0 28

Monteiro USA Cohort Hospital August 2020 Patients admitted to the UCLA hospi-
tal System

49 9 7 33 0 0 14

Narain USA Cohort Hospital June 2020 Hospitalised patients in the North-
well health system

1042 410 576 0 177 0 893

Niedzwiedz UK Cohort Community
and Hospital

May 2020 UK Biobank analysis 371,460 8456 6395 0 2356 0 3429

Williamson UK Cohort Community July 2020 NHS primary healthcare data; CPNS
inpatient hospital death notifica-
tions; ONS death data

10,962,999 1,030,980 343,437 0 171,929 0 323,813

Patel N USA Cohort Hospital August 2020 Clinical outcomes of adults hospital-
ised with COVID-19 affiliated with
Northwestern Medicine

611 0 288 662 0 0 152

Patel M USA Cohort Hospital August 2020 Patients admitted to Temple Uni-
versity Hospital in Philadelphia

9 0 53 23 0 0 19

Petrak USA Cohort Hospital June 2020 (sub-
sequently
published in
September
2020)

To evaluate the clinical outcomes of
patients treated with Tocilizumab

56 5 43 32 0 0 9

Perez-Guzman UK Cohort Hospital August 2020 Consecutive patients admitted for
COVID-19 in 3 large London
hospitals

235 94 133 0 0 0 17

Price-haywood USA Cohort Community
and Hospital

May 2020 Patients seen within Ochsner
Health in Louisiana

1030 0 2451 0 0 0 0

Rajiter USA Cohort Hospital June 2020 Hospitalised patients from 4 hospi-
tals in Florida

76 0 153 33 0 0 13

Ramaswamy USA Cohort Hospital May 2020 Patients part of Cone Health's enter-
prise analytics data

38 0 40 0 0 0 8

Rentsch USA Cohort Community and
Hospital

April 2020 Data from the veterans’ association
(VA) national cooporate data

2135 0 1126 294 0 0 234

(continued on next page)
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Table 1 (Continued)

Study first author Country Study
design

Setting Published
period

Population White Asian Black Hispanic Mixed Native American Other

warehouse on members from the
VA birth cohort

Rosenberg USA Cohort Hospital May 2020 A random sample of all admitted
patients in 25 hospitals repre-
senting 88% of patients with
COVID-19 in the New York region

321 0 371 364 0 0 243

Rozenfeld USA Cross
sectional

Community July 2020 Patients tested for COVID-19 as
part of Providence Health System

24,799 1713 1649 0 0 465 0

Sakowicz USA Cohort Community August 2020 Pregnant women presenting to
NorthWestern Memorial
Hospital

795 107 169 0 0 0 346

Sapey UK Cohort Hospital August 2020
(subsequently
published in
September
2020)

Hospitalised patients admitted to
University Hospitals Birmingham

1540 410 134 0 18 0 67

Somers USA Cohort Hospital July 2020 Patients admitted to Michigan
Medicine for COVID-19
pneumonia

41 0 81 0 0 0 32

Tartof USA Cohort Hospital August 2020 All Kaiser Permanente Southern
California members diagnosed
with COVID-19

1210 1036 584 3751 0 0 335

Vahidy USA Cross-
sectional

Community
and Hospital

July 2020 COVID-19 surveillance and out-
comes registry (CURATOR) at the
Houston Methodist Hospital
system

12602 1860 4396 263 1578 0 0

Velu USA Cohort Community and
Hospital

June 2020 Clinical validation and implementa-
tion of lab-developed real time RT-
PCR

488 101 171 0 0 0 210

Wang USA Cohort Community and
Hospital

June 2020 Patients with COVID-19 in New York
City

2044 385 1787 0 0 0 2860

Wang USA Cohort Hospital May 2020 Patient-level data were extracted
from electronic medical records
for 28,336 patients tested for
SARS-CoV-2 at the Mount Sinai
Health System

802848 142080 107255 0 0 0 254682

Yehia USA Cohort Hospital August 2020 Cohort of patients presenting to 92
hospitals across 12 states in the
USA

4606 0 4180 0 0 0 2424

Zakeri UK Case-con-
trol and
Cohort

Community and
Hospital

July 2020 Patients admitted to King’s College
Hospital Foundation Trust

2313 322 1363 0 0 0 362

Zimmerman USA Cohort Hospital August 2020 Patients admitted to the Nuvance
Health System

177 11 36 0 0 0 29
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Fig. 2. Temporal trends in quality assessment scores of published studies and those onMedRxiv.
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For prevalence estimates of ITU admission, Egger’s test for White
ethnic group indicates potential bias (p = 0.002). Again, the funnel
plot indicates an outlier study possibly driving this result.

For prevalence estimates of mortality, there was asymmetry in the
funnel plots for the Asian and Black ethnic groups (Egger’s test
p = 0.0028 and p<0.001, respectively).

4. Discussion

In a previous systematic review, we highlighted the need for more
studies to investigate the relation between COVID-19, ethnicity and
specific clinical outcomes [2]. Some months later, a large body of lit-
erature is available. We now present the first meta-analysis investi-
gating this issue. We found that individuals from Asian and Black
ethnic groups are more likely to be infected by SARS-CoV-2compared
to those of White ethnicity. Those of Asian ethnicity may be at
increased risk of death compared to White patients; this may be
related to a higher likelihood of developing severe COVID-19 pneu-
monia and being admitted to ITU although this finding is limited by
the relatively small number of studies which investigated ITU admis-
sion as an outcome.

Our findings suggest that the disproportionate impact of COVID-
19 on Black and Asian communities is mainly attributable to
increased infection amongst these communities. Many explanations
exist as to why there may be an elevated level of SARS-CoV-2 infec-
tion in ethnic minority groups. Contact tracing studies provide strong
evidence that sustained close contact with someone who is infected
with SARS-CoV-2 drives the majority of new infections. SARS-CoV-2
is much more efficiently spread in enclosed and crowded environ-
ments [62]. Individuals from ethnic minority backgrounds are more
likely to live in larger household sizes comprised of multiple genera-
tions [26,63]. They are also more likely to have lower socioeconomic
status, which may increase the likelihood of living in overcrowded
households, or accommodation with shared facilities or communal
areas [64,65]. Furthermore, individuals from ethnic minority back-
grounds are more likely to be employed as essential workers, or less
able to work from home, and as a result have continued to have con-
tact with others through work or commuting [63]. In the Bureau of
Labour Statistics Current Population Survey for the year 2019, Haw-
kins found that Black and Asian workers in the USA were more likely
to be employed in occupations with both frequent exposures to infec-
tions and proximity to others [66]. There is also evidence that ethnic
minority groups experience disproportionate rates of COVID-19 in
some of these occupational groups, for example among healthcare
workers [67].

We found some evidence that Asian individuals had a higher risk
of severe infection, as marked by an increased risk of ITU admission
and possibly death from COVID-19, even when common key con-
founders, such as a higher prevalence of diabetes and cardiovascular
disease are taken into account. In this respect, our findings are consis-
tent with national census data from the Office for National Statistics,
and the most recent Intensive Care National Audit and Research Cen-
tre report which found over-representation of Asian ethnic groups to
hospital and intensive care units in the UK [68,69]. However, we do
note that few studies included in our meta-analysis directly consid-
ered multi-generational living, overcrowding or known recent con-
tact with a confirmed positive case as confounders to risk our
predefined outcomes. Only two studies considered the role of occu-
pation in the context of infection;none considered it as a confounder
for severe infection or death [32,57]. Future population studies inves-
tigating COVID-19 mortality must also try to ascertain what propor-
tion of patients tested positive for SARS-CoV-2. Given the clustering
nature of SARS-CoV-2 transmission, adjusting for testing positive
would help to explain whether increased transmission between



Table 2
Quality assessment scores of the 50 included studies; description of studies by outcome, comorbidities considered and confounders adjusted for. References for the studies are
those from Table 1.

Study first author Quality assessment Outcomes investigated for Comorbidities Confounders adjusted for (excluding
ethnicity)

Ahmed 71% Infection Fluid/electrolyte disorder, renal Failure, alcohol
abuse, anaemia, chronic pulmonary disease,
depression, hypertensive renal disease without
renal failure, hypertension (uncomplicated),
obesity

Cough, fever, breathlessness, known
contact with SARS-CoV-2

Argenziano 55% ITU admission Hypertension, diabetes, coronary artery disease,
congestive heart failure, pulmonary disease,
asthma, COPD, obstructive sleep apnoea, inter-
stitial lung disease, renal disease, stroke, active
cancer, transplant, rheumatological disease,
HIV, viral hepatitis, cirrhosis, obesity (BMI >30)

No adjustment for confounders

Auld 56% Death Hypertension, diabetes, obesity, heart failure,
coronary artery disease, chronic kidney dis-
ease, asthma, COPD

No adjustment for confounders

Azar 75% ITU admission and death Hypertension, diabetes, cardiovascular disease,
cancer, depression, heart failure, COPD, Asthma

No adjustment for confounders

Bril 68% Death Hypertension, cardiac condition, diabetes, respi-
ratory condition, immunosuppression

No adjustment for confounders

Caraballo 73% Death Heart failure, hypertension, COPD, coronary
artery disease, renal disease

No adjustment for confounders

Chamie 73% Infection Chronic lung disease, heart disease, hypertension,
diabetes, smoking

Sex, frontline worker status, house-
hold income, COVID-19 contact;
referent ethnic group is: ‘Non-
Latino’ rather than ‘White’

Crouse 75% Death Obesity, hypertension, diabetes Age, sex and comorbidities
Ebinger 75% ITU admission Obesity, hypertension, diabetes, previous myo-

cardial infarction, COPD or asthma
Age, sex, hypertension, use of ACE

inhibitors
Ellington 86% Death Diabetes, chronic lung disease, cardiovascular

disease, chronic renal disease, chronic liver dis-
ease, immunocompromised, neurological
disorder

No adjustment for confounders with
regards to ethnicity

Garibaldi 100% Death Hypertension, coronary artery disease, heart fail-
ure, chronic kidney disease, diabetes mellitus,
asthma, COPD, cancer, liver disease, immuno-
suppression, AIDS/ HIV, transplant

Age, sex, deprivation, comorbidities

Gold 77% ITU admission and death Diabetes, cardiovascular diseases, coronary artery
disease, congestive heart failure, arrhythmia,
chronic lung disease, asthma, COPD, severe
obesity, immunocompromising conditions or
therapies, end stage renal disease, Liver dis-
ease, hypertension, neurological disorder,
chronic kidney disease

No adjustment for confounders

Gu 73% Infection, ITU admission and death Respiratory, cardiovascular disease, cancer, dia-
betes mellitus, kidney disease, liver disease,
autoimmune disease

Age, sex, deprivation, comorbidities,
BMI, smoking, alcohol for all three
outcomes

Jun 77% Death Hypertension, diabetes, coronary artery disease,
heart failure, atrial fibrillation, chronic kidney
disease, COPD/asthma, obesity, cancer

Age, sex, comorbidities, initial oxy-
gen saturations. However, only
odds ratios presented; no absolute
numbers

Khan 82% ITU admission and death Essential hypertension, diabetes mellitus, chronic
lower respiratory diseases, chronic kidney dis-
ease, heart failure, ischaemic heart diseases,
cerebrovascular diseases, nicotine dependence,
alcohol related disorders

Propensity scoring rather than
adjustment for confounders

Kim 86% ITU admission and death Hypertension, obesity, diabetes mellitus, asthma,
COPD, coronary artery disease, heart failure,
neurological disease, renal disease, immuno-
suppressive conditions, gastrointestinal or liver
disease, haematological conditions, autoim-
mune/ rheumatological, pregnancy

Age, sex, comorbidities, smoking,
medications

Levy 50% Death Coronary artery disease, diabetes, hypertension,
heart failure, lung disease, kidney disease

No adjustment for confounders with
regards to ethnicity

Lo 73% Infection Diabetes, lung disease, heart disease, kidney dis-
ease, cancer

Age, sex, BMI, smoking. To account
for likelihood of receiving testing,
authors used separate inverse
probability weighting as a function
of race/ethnicity and other factors
such as age, symptom burden,
COVID-19 exposure risk factors
and socioeconomic status

(continued)
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Table 2 (Continued)

Study first author Quality assessment Outcomes investigated for Comorbidities Confounders adjusted for (excluding
ethnicity)

Lusignan 95% Infection Obesity, hypertension, chronic kidney disease,
diabetes, chronic heart disease, chronic respi-
ratory disease, cancer, immunocompromised

Age, sex, deprivation, household size,
population density, comorbidity

Marcello 59% Infection and death Diabetes, hypertension, arrhythmia, cardiovascu-
lar disease, chronic heart disease, asthma,
COPD, liver disease, chronic kidney disease,
cancer, HIV

No adjustment for confounders

Marie Del Vale 100% Death Hypertension, obesity, diabetes, chronic kidney
disease, cancer, atrial fibrillation, heart failure,
asthma, COPD, sleep apnoea, smoking

Age, sex, comorbidity, smoking,
blood tests, cytokine markers of
inflammation

Martin 95% Infection Hypertension, diabetes mellitus, cardiovascular
disease, respiratory disease, kidney disease

Age, sex, deprivation, household size,
population density, comorbidity,
NEWS-2 score on admission

McCarty 73% ITU admission and death Hypertension, hyperlipidaemia, diabetes melli-
tus, arrhythmia, coronary artery disease, thy-
roid disorder, renal disorder, heart failure,
stroke, pulmonary disorder, smoking

Age, sex and comorbidity

Mendy 82% ITU admission and death obesity, diabetes, hypercholesterolaemia, asthma,
COPD, chronic kidney disease, cardiovascular
disease, cancer, osteoarthritis

Age, sex and smoking

Miles 68% Death No comorbidities Age, sex, clinical frailty scale, testing
positive for SARS-CoV-2 on naso-
pharyngeal swab, deprivation

Monteiro 82% ITU admission Obesity, hypertension, diabetes, COPD, coronary
artery disease, cancer, asthma, atrial fibrilla-
tion, chronic kidney disease, transplant
recipient

Age, sex, comorbidity, smoking

Narain 68% Death Asthma COPD, hypertension, diabetes mellitus,
chronic kidney disease, cardiovascular disease,
haemodialysis, cancer, autoimmune, liver dis-
ease, interstitial lung disease

Age, sex, comorbidities, laboratory
parameters, disease severity score,
treatment, insurance

Niedzwiedz 94% Infection Unknown � variables mentioned as ‘number of
long term conditions’

Age, sex, deprivation, comorbidities,
healthcare worker and behaviour
risk factors for infection

Williamson 95% Death Smoking, obesity (BMI), blood pressure, respira-
tory disease, asthma, chronic heart disease,
diabetes, cancer, haematological malignancy,
liver disease, stroke/dementia, other neurologi-
cal, kidney disease, organ transplant, spleen
diseases, rheumatoid/lupus/psoriasis, other
immunosuppressive condition

Age, sex, deprivation, comorbidities,

Patel N 73% ITU admission and death Charlson comorbidity score Age, sex, body mass index, glucose
on admission, use of antiplatelet
agents

Patel M 59% ITU admission Hypertension, diabetes mellitus, lung disease,
heart disease, chronic kidney disease

No adjustment for comorbidities

Petrak 64% Death Diabetes, COPD bronchospastic illness, chronic
cardiac or renal disease, immunodeficiency,
neoplastic disease

Age, sex, comorbidity, timing of Toci-
lizumab; referent ethnic group
was ‘Non-white’ rather than
‘white’

Perez-Guzman 86% Death Hypertension, diabetes, ischaemic heart disease,
chronic heart failure, stroke, chronic kidney
disease, dementia, previous DVT/PE, atrial
fibrillation, COPD, liver disease, malignancy,
HIV/AIDS

Age, sex, comorbidity, deprivation,
admission NEWS-2 score

Price-haywood 91% Death Obesity, asthma, COPD, diabetes mellitus, hyper-
tension, heart failure, coronary artery disease,
chronic kidney disease, solid organ transplant,
liver disease, cancer, HIV

Age, sex, comorbidity, deprivation,
obesity, admission observations
and laboratory findings

Rajter 68% Death Diabetes, cardiovascular disease, pulmonary dis-
ease, BMI, renal disease, cancer, hypertension,
neurological disease, HIV, thyroid disease

Age, sex, comorbidity, smoking,
severe presentation, white cell
count, lymphocyte count, ivermec-
tin use

Ramaswamy 73% Death Smoker, diabetes mellitus, COPD, hypertension,
heart disease, cancer, atrial fibrillation, stroke,
anaemia, peripheral vascular disease

Age, sex, comorbidity, average modi-
fied early warning score (MEWS)
during the inpatient stay, use of
high-flow nasal cannula, maxi-
mum flow rate used on nasal can-
nula, highest level of care (ICU,
Progressive, etc.), if mechanical
ventilation was required, number
of opioid doses, number of anti-
diabetic drug doses, number of

(continued)

10 S. Sze et al. / EClinicalMedicine 29�30 (2020) 100630



Table 2 (Continued)

Study first author Quality assessment Outcomes investigated for Comorbidities Confounders adjusted for (excluding
ethnicity)

anticoagulant doses and number
of antibiotic doses

Rentsch 88% Infection and ITU admission Asthma, cancer, CKD, COPD, DM, HTN, Liver dis-
ease, vascular disease,

Age, sex, comorbidity, vital signs on
admission, laboratory findings on
admission, medications

Rosenberg 91% Death Obesity, cancer, kidney disease, lung disease, dia-
betes, hypertension, coronary heart disease,
congestive heart failure, dementia

No adjustment for confounders with
regards to ethnicity

Rozenfeld 73% Infection BMI, diabetes mellitus chronic kidney disease,
HIV/AIDS, dementia, serious persistent mental
illness, substance use disorder

Age, sex, deprivation, population
density, comorbidity

Sakowicz 82% Infection Obesity, hypertension, diabetes mellitus, pulmo-
nary disease, gestational diabetes mellitus

No adjustment for confounders

Sapey 90% ITU admission and death Count of morbidities used (multi-morbidity);
hypertension, cerebrovascular disease, atrial
fibrillation, ischaemic heart disease, angina,
myocardial infarction, diabetes (type 1 and 2),
asthma, COPD, interstitial lung disease, chronic
kidney disease, any active malignancy, demen-
tia (all types), obesity

Age, sex, deprivation, comorbidities

Somers 91% Death Hypertension, congestive heart failure, COPD,
asthma, sleep apnoea, diabetes, chronic kidney
disease, chronic liver disease, solid organ
transplant

Age, sex and treatment with
Tocilizumab

Tartof 91% Death Myocardial infarction, chronic heart failure,
peripheral vascular disease, cerebrovascular
disease, COPD, renal disease, cancer, immune
disease, hyperlipidaemia, hypertension,
asthma, organ transplant, diabetes

Age, sex, deprivation, comorbidity

Vahidy 88% Infection Hypertension, diabetes, obesity Age, sex, deprivation, comorbidities,
household size, population density

Velu 94% Infection No comorbidities listed No adjustment for confounders
Wang A 64% Death Asthma, chronic kidney disease, cancer, COPD,

HIV, obesity, hypertension, diabetes
No adjustment for confounders

Wang Z 64% Infection and death Diabetes mellitus, hypertension, asthma, chronic
obstructive pulmonary COPD, HIV, obesity and
cancer.

No adjustment for confounders with
regards to ethnicity

Yehia 82% Death Asthma, cancer, chronic kidney disease, chronic
liver disease, COPD, chronic heart failure, coro-
nary artery disease, diabetes, hypertension,
obesity, organ transplant

Age, sex, insurance, comorbidities,
deprivation, site of care

Zakeri 64% ITU admission and death Asthma, COPD, coronary heart disease, hyperten-
sion, diabetes, chronic kidney disease, obesity

Age, sex, deprivation, comorbidity

Zimmerman 82% Death No comorbidities listed Age, gender, body mass index

Table 3
Data syntheses for risk of SARS-CoV-2 infection by ethnic group.

Studies Pooled prevalence
(95% CI)

I2 Studies Pooled unadjusted OR
(95% CI)

I2 Studies Pooled RR
(95% CI)

I2

(1) Studies from pre-prints and peer-reviewed publications
White 18 0.11 (0.11, 0.12) 99.9 Reference Reference
Asian 14 0.16 (0.14, 0.19) 99.6 14 1.61 (1.23, 2.10) 95.3 5 1.50 (1.24, 1.83) 67.3
Black 17 0.26 (0.20, 0.32) 99.9 17 2.43 (1.93, 3.07) 95.6 8 2.02 (1.67, 2.44) 84.2
Hispanic 8 0.19 (0.08, 0.30) 99.9 8 2.58 (1.99, 3.35) 94.5 3 1.77 (1.39, 2.25) 0
Mixed 1 0.33 (0.16, 0.56) � 1 0.96 (0.36, 2.58) � 0 � �
Native American 2 0.03 (0.01, 0.04) � 2 0.44 (0.26, 0.74) 0 1 0.64 (0.37, 1.11) �
(2) Studies only from peer-reviews publications
White 9 0.15 (0.11, 0.18) 99.8 Reference Reference
Asian 8 0.21 (0.14, 0.29) 99.0 8 1.87 (1.42, 2.45) 80.9 4 1.51 (1.22, 1.88) 74.8
Black 8 0.22 (0.17, 0.28) 96.5 8 2.29 (1.60, 3.29) 91.1 5 1.85 (1.46, 2.35) 84.2
Hispanic 2 0.08 (0.07, 0.09) � 2 10.74 (0.14, 833.68) 94.8 0 � �
Mixed 1 0.33 (0.16, 0.56) � 1 0.96 (0.36, 2.58) � 0 � �
Native American 2 0.03 (0.01, 0.04) � 2 0.44 (0.26, 0.74) 0 1 0.64 (0.37, 1.11) �
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certain communities would be the reason for higher death. Through-
out the course of this analysis, we found three large studies of the UK
population (one included and another two excluded due to likelihood
of overlapping populations) which found a higher risk of death
amongst Asian individuals compared to White individuals, but did
not adjust for testing positive for SARS-CoV-2 [29,70,71].
Racism and structural discrimination may also contribute to an
increased risk of worse clinical outcomes within ethnic minority
communities [72,73]. These processes are complex and systemic,
underpinned by unequal power relations and beliefs, and operating
at individual, community, and organisational levels, resulting in stig-
matisation, discrimination, and marginalisation of ethnic minorities



Fig. 3. Forrest plot of pooled adjusted risk of SARS-CoV-2 infection by ethnicity (Reference group: White).

Table 4
Data syntheses for risk of ITU admission amongst different ethnic groups.

Studies Pooled prevalence
(95% CI)

I2 Studies Pooled unadjusted OR
(95% CI)

I2 Studies Pooled adjusted RR
(95% CI)

I2

(1) Studies considering hospitalised populations only or reporting a subgroup analysis for hospitalised patients only
White 14 0.28 (0.21, 0.34) 97.5 Reference Reference
Asian 7 0.27 (0.19, 0.35) 75.0 7 1.97 (1.25, 3.09) 70.1 2 1.97 (1.34, 2.89) 0
Black 15 0.33 (0.26, 0.41) 97.0 14 1.28 (1.06, 1.56) 62.8 4 1.10 (0.83, 1.44) 54.4
Hispanic 9 0.33 (0.22, 0.44) 95.9 9 1.06 (0.77, 1.44) 68.7 3 1.16 (0.86, 1.56) 52.0
Mixed 1 0.19 (0.14, 0.26) � 1 1.99 (1.26, 3.16) � 1 1.48 (0.98, 2.24) �
(2) Studies considering inpatient/outpatient populations
White 7 0.10 (0.07, 0.14) 98.2 Reference Reference
Asian 3 0.05 (0.00, 0.11) 0.0 3 0.96 (0.41, 2.21) 75.8 0 � �
Black 7 0.19 (0.10, 0.28) 99.1 7 2.08 (1.39, 3.13) 89.3 3 1.90 (1.38, 2.61) 52.7
Hispanic 4 0.09 (0.02, 0.17) 95.0 4 1.10 (0.84, 1.45) 29.3 1 3.04 (1.47, 6.28) �
Native American 0 � � 1 1.65 (0.08, 34.79) � 0 � �
(3) Excluding studies from (1) which were not from peer-reviewed publications
White 7 0.33 (0.22, 0.43) 96.9 Reference Reference
Asian 4 0.34 (0.12, 0.56) 84.1 4 1.31 (0.84, 2.05) 23.6 0 � �
Black 8 0.33 (0.23, 0.43) 96.4 7 1.04 (0.90, 1.20) 7.0 2 1.00 (0.88, 1.13) 0
Hispanic 6 0.30 (0.18, 0.43) 96.8 6 0.89 (0.69, 1.14) 53.6 2 1.09 (0.83, 1.43) 55.7
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[74]. Within a healthcare context, this contributes to inequities in the
delivery of care, barriers to accessing care, loss of trust, and psychoso-
cial stressors [75,76]. There is evidence to suggest that ethnic minori-
ties and migrant groups have been less likely to implement public
health measures, be tested, or seek care when experiencing symp-
toms due to such barriers and inequities in the availability and acces-
sibility of care [77], underscoring critical healthcare disparities [3,5].
Large scale political-economic forces that have played out over gen-
erations have resulted in deep-seated social, economic and power
inequities, which shape the distribution of risks and resources for
health, resulting in social and spatial clustering of infectious diseases
amongst certain ethnic groups which have long been underserved
[78]. Within the USA and the UK,COVID-19 has evolved from a pan-
demic to a syndemic - until policies and programmes are devised to
address such disparities, we must be careful not to prematurely attri-
bute worse clinical outcomes in ethnic minority groups to genetics
[79].

We found that minority ethnic groups continue to be under-rep-
resented in research [80], which is likely to be exacerbated by the
same barriers that contribute to disparities in access to care and
health outcomes [73]. White individuals may be more likely to access
testing for SARS-CoV-2 than those from ethnic minority



Fig. 4. Forrest plot of pooled adjusted risk of ITU admission by ethnicity (Reference group: White).

Table 5
Data syntheses for risk of mortality by different ethnic groups.

Studies Pooled prevalence
(95% CI)

I2 Studies Pooled unadjusted OR
(95% CI)

I2 Studies Pooled adjusted HR/RR
(95% CI)

I2

(1) Studies including suspected or confirmed COVID-19 patients only
White 25 0.22 (0.18, 0.27) 99.2 Reference Reference
Asian 14 0.23 (0.15, 0.30) 97.5 14 0.81 (0.69, 0.95) 36.1 6 1.22 (0.99, 1.50) 61.8
Black 26 0.18 (0.14, 0.21) 97.3 25 0.88 (0.74, 1.04) 84.6 18 1.04 (0.93, 1.17) 44.8
Hispanic 11 0.10 (0.06, 0.14) 98.5 11 0.48 (0.36, 0.63) 65.1 6 0.98 (0.77, 1.24) 24.1
Mixed 2 0.18 (0.12, 0.23) � 2 0.63 (0.21, 1.89) 76.3 2 1.13 (0.46, 2.77) 76.2
(2) Studies including suspected or confirmed COVID-19 patients plus studies of general populations
White � � � Reference Reference
Asian � � � 15 0.86 (0.73, 1.01) 60.9 8 1.33 (1.11, 1.60) 69.0
Black � � � 26 0.90 (0.75, 1.07) 87.3 20 1.09 (0.95, 1.26) 68.8
Hispanic � � � 11 0.48 (0.36, 0.63) 65.1 6 0.98 (0.77, 1.24) 24.1
Mixed � � � 3 0.62 (0.37, 1.04) 67.8 4 1.19 (0.74, 1.91) 74.6
(3) Excluding studies from (1) which did not include hospitalised patients in outcome (i.e. only considered those who were discharged or died)
White 21 0.22 (0.17, 0.26) 99.0 Reference Reference
Asian 12 0.21 (0.14, 0.28) 96.5 12 0.77 (0.63, 0.93) 32.8 5 1.18 (0.92, 1.51) 67.9
Black 21 0.17 (0.14, 0.21) 97.5 21 0.91 (0.74, 1.12) 84.9 13 1.04 (0.90, 1.20) 42.9
Hispanic 9 0.10 (0.06, 0.15) 98.8 9 0.52 (0.38, 0.71) 67.3 4 0.93 (0.69, 1.26) 8.1
Mixed 2 0.18 (0.12, 0.23) � 2 0.63 (0.21, 1.89) 76.3 2 1.13 (0.46, 2.77) 76.2
(4) Excluding studies from (1) where the denominator was not of hospitalised patients
White 18 0.28 (0.25, 0.31) 93.7 Reference Reference
Asian 11 0.27 (0.25, 0.30) 22.6 11 0.84 (0.73, 0.97) 17.5 5 1.27 (1.01, 1.58) 64.7
Black 18 0.21 (0.19, 0.24) 86.2 18 0.74 (0.64, 0.85) 63.4 13 1.00 (0.89, 1.11) 34.8
Hispanic 9 0.12 (0.05, 0.20) 96.6 9 0.47 (0.33, 0.66) 65.1 4 0.90 (0.60, 1.35) 52.4
Mixed 2 0.18 (0.12, 0.23) � 2 0.63 (0.21, 1.89) 76.3 2 1.13 (0.46, 2.77) 76.2
(5) Excluding studies from (1) which were not from peer-reviewed publications
White 11 0.21 (0.15, 0.28) 98.9 Reference Reference
Asian 6 0.16 (0.09, 0.23) 92.4 6 0.87 (0.51, 1.48) 69.0 2 1.19 (0.77, 1.83) 54.3
Black 12 0.17 (0.12, 0.23) 97.6 11 0.91 (0.74, 1.13) 69.3 8 1.05 (0.90, 1.22) 41.7
Hispanic 6 0.07 (0.04, 0.09) 94.4 6 0.49 (0.35, 0.68) 64.0 4 1.04 (0.87, 1.25) 0
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Fig. 5. Forrest plot of pooled adjusted risk of death by ethnicity (Reference group: White).
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backgrounds; or a larger proportion of White individuals who were
asymptomatic were tested compared to those from ethnic minority
backgrounds. This in turn may have had influence on the relation
between ethnicity and rates of infection, or severity of disease. We
examined for temporal patterns in the data, but did not identify any
differences. Amongst our pooled cohort, only 16% of patients were
from non-White ethnic backgrounds, and a particularly small propor-
tion were attributable to Hispanic and Native American groups. This
impacted on our pooled adjusted risk with regards to ITU admission
based on a small number of studies, thereby limiting generalisability
in these outcomes from our data. This was avoidable; we excluded
147 studies because although they had raw data on ethnicity, none
investigated this variable in relation to infection, ITU admission or
death and another third of included studies did not adjust for any
confounding variables when investigating outcomes relating to eth-
nicity. As the COVID-19 pandemic continues to evolve, it is critically
important that studies aim to present outcomes (infection, ITU
admission and death) of patients with COVID-19 disaggregated by
ethnicity, with data adjusted by key confounders.

Our study had several limitations. Half of our pooled analyses
involved studies which had not been peer reviewed. However, inclu-
sion of studies awaiting peer review helped to provide a broader
view of the emerging literature, in a rapidly evolving field. In Septem-
ber 2020, four of the preprint publications had been published. We
also adjusted for whether a paper was peer-reviewed or not in subse-
quent sensitivity analyses. Variations across papers in relation to
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populations, setting, treatment context, and reporting of ethnicity
and outcomes, resulted in high heterogeneity. However, this does
not preclude pooling of data and is consistent with other meta-analy-
ses on infection in diverse populations [82,83]. Instead, we explored
heterogeneity through sensitivity analyses. The analyses provide an
important visualisation of the data available, and highlight the het-
erogeneity across the research and the need to improve data collec-
tion and analysis, including greater standardisation in adjusted
analyses.

Several studies may have overlapping populations [84]. For exam-
ple, we found several studies from Mount Sinai investigating mortal-
ity from COVID-19; quite possibly from the same population
[53,85�88]. We have minimised this error by excluding studies
which were clearly done on the same database, though we urge
greater transparency in reporting for future research.

We used broad categories of ethnicity. We did this in order to
maximise inclusion within our pooled analyses � however, this will
have affected precise estimates of risk for any further subgroup cate-
gorisations of ethnicity. For example, ‘Asian’ could be separated into
‘Bangladeshi’, ‘South Asian’ and ‘Chinese’, each of which may have a
differing prognostic implication. Furthermore the terms race and eth-
nicity can be considered to be different; patients who are of ‘Black’
race may be of ‘Hispanic’ ethnicity. However, many studies did not
define what they meant by ‘Asian’, race or ethnicity. Until a more
standardised approach to the definition of ethnicity exists across
studies, we believe our method to be a pragmatic approach for data
synthesis.

Finally, all studies included were from the UK and USA. Whilst
both these countries have ethnically diverse populations, generalis-
ability of our findings to other countries should be cautioned, where
management of patients (such as criteria for ITU admission) may be
different. Further research should be undertaken in other country
contexts and diverse income-level settings. In particular, a robust
investigation of clinical outcomes in countries where those of White
ethnicity do not make up the majority of the population would help
to ascertain the role of any biological disposition to infection, severe
disease or death.

In conclusion, we found clear evidence that patients of Black,
Asian and Hispanic ethnicity are more likely to be infected with
SARS-CoV-2, compared to those of White ethnicity, and a possible
association of higher risk of ITU admission and death from COVID-19
in Asians, even when most confounders are adjusted for.. Our find-
ings should inform public health strategies to minimise exposure risk
of SARS-CoV-2 in ethnic minority groups, by facilitating timely access
to healthcare resources, and targeting the social determinants, struc-
tural racism, and occupational risk underlying inequities.
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