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ABSTRACT
Objectives  Despite growing evidence suggesting 
increased COVID-19 mortality among people from ethnic 
minorities, little is known about milder forms of SARS-
CoV-2 infection. We sought to explore the association 
between ethnic background and the probability of testing, 
testing positive, hospitalisation, COVID-19 mortality and 
vaccination uptake.
Design  A multistate cohort analysis. Participants were 
followed between 8 April 2020 and 30 September 2021.
Setting  The UK Biobank, which stores medical data on 
around half a million people who were recruited between 
2006 and 2010.
Participants  405 541 subjects were eligible for analysis, 
limited to UK Biobank participants living in England. 23 891 
(6%) of participants were non-white.
Primary and secondary outcome measures  The 
associations between ethnic background and testing, 
testing positive, hospitalisation and COVID-19 mortality 
were studied using multistate survival analyses. The 
association with single and double-dose vaccination was 
also modelled. Multistate models adjusted for age, sex and 
socioeconomic deprivation were fitted to estimate adjusted 
HRs (aHR) for each of the multistate transitions.
Results  18 172 (4.5%) individuals tested positive, 3285 
(0.8%) tested negative and then positive, 1490 (6.9% of 
those tested positive) were hospitalised, and 129 (0.6%) 
tested positive at the moment of hospital admission (ie, 
direct hospitalisation). Finally, 662 (17.4%) died after 
admission. Compared with white participants, Asian 
participants had an increased risk of negative to positive 
transition (aHR 1.24 (95% CI 1.02 to 1.52)), testing positive 
(95% CI 1.44 (1.33 to 1.55)) and direct hospitalisation 
(1.61 (95% CI 1.28 to 2.03)). Black participants had an 
increased risk of hospitalisation following a positive test 
(1.71 (95% CI 1.29 to 2.27)) and direct hospitalisation 
(1.90 (95% CI 1.51 to 2.39)). Although not the case for 
Asians (aHR 1.00 (95% CI 0.98 to 1.02)), black participants 
had a reduced vaccination probability (0.63 (95% CI 0.62 
to 0.65)). In contrast, Chinese participants had a reduced 
risk of testing negative (aHR 0.64 (95% CI 0.57 to 0.73)), 
of testing positive (0.40 (95% CI 0.28 to 0.57)) and of 
vaccination (0.78 (95% CI 0.74 to 0.83)).
Conclusions  We identified inequities in testing, 
vaccination and COVID-19 outcomes according to ethnicity 
in England. Compared with whites, Asian participants 

had increased risks of infection and admission, and black 
participants had almost double hospitalisation risk, and a 
40% lower vaccine uptake.

INTRODUCTION
Since the first cases of human infection with 
SARS-CoV-2 were reported in Wuhan, China in 
late 2019, as of 15 March 2022, the COVID-19 
pandemic has seen more than 450 million 
confirmed cases and 6 million confirmed 
deaths worldwide, causing unprecedented 
economic and social disruption.1 Despite its 
global reach, it has become increasingly clear 
that the risks of initial infection, death and 
long-term consequences from COVID-19 are 
not distributed equally in society, including 
between different ethnic groups.2

In the early phase of the pandemic, initial 
studies sought to characterise factors asso-
ciated with COVID-19 infection in patients 
admitted to hospital,3 4 as only these patients 
received formal COVID-19 tests at the time. 
However, by focusing on this limited patient 
group, these studies had intrinsic biases 
which limited their generalisability to the 
wider population.5

To address these concerns, studies have 
sought to study COVID-19 infection risk in 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study uses a large cohort of adults, allowing for 
high-powered assessment of associations between 
baseline characteristics and COVID-19 outcomes.

	⇒ Key confounders, both individual level and ecologi-
cal, are adjusted for in our statistical analysis.

	⇒ Our multistate analyses are able to take into ac-
count differential confounding structure for each 
transition.

	⇒ The UK Biobank cohort is not optimally representa-
tive, limiting extrapolation of findings to the wider 
population.
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larger population cohorts, such as the established UK 
Biobank project.6 Early in the pandemic, COVID-19 test 
results for UK Biobank participants were linked to their 
biobank data, allowing participants’ COVID-19 status 
to be followed.7 These studies have identified several 
factors, including age, sex, comorbidities, ethnicity and 
socioeconomic status (SES) as significant determinants 
of COVID-19 infection, hospitalisation and mortality.8–23 
Specifically, studies have suggested that black and Asian 
people are at increased risk of testing positive, being 
hospitalised and dying from COVID-19, compared with 
white people.9–12 16 18–21 23

However, these studies were also prone to limitations. 
First, many gathered information from the UK Biobank 
only during the first wave of COVID-19 (February–May 
2020), meaning there were relatively few positive cases to 
compare to the rest of the cohort, and wider population 
testing (so-called ‘pillar 2’ testing) only became available 
in the UK in early April 2020. Second, many only dealt 
with individual outcome measures—either testing posi-
tive, being hospitalised or death—meaning that the rest 
of the individual’s journey through COVID-19 was not 
comprehensively assessed. This lack of detail may mask 
some differences between groups, thus limiting the imple-
mentation of findings concerning the role of ethnicity 
into public health policy in both the current and future 
pandemics. Furthermore, the lack of a multistate analysis 
could increase the chances of bias and erroneous conclu-
sions, especially when focusing on ethnicity where ineq-
uities can lead to differential risks of transitions between 
testing, infection, hospitalisation and death.

This paper seeks to address several of these issues 
to delineate the influence of ethnicity on a variety of 
COVID-19 outcomes. We use UK Biobank data from the 
start of pillar 2 testing (April 2020) until September 2021, 
allowing an up-to-date comparison of a higher number 
of positive cases, across multiple waves of the pandemic. 
We analyse these data using a multistate model to be 
able to study participants’ transitions between different 
‘COVID-19 states’, given that the outcome of interest was 
just the first transition into any of the stages of a journey 
through COVID-19.

METHODS
Study design, setting and data sources
We conducted a cohort study using the UK Biobank 
cohort (UKB),5 a large, non-commercial, long-term 
biobank project in the UK which stores medical data on 
around half a million people who were recruited between 
2006 and 2010. All participants were aged between 40 
and 69 years at the time of their registration with the 
project and will remain in follow-up for a minimum of 
30 years. All participants provided demographic and 
lifestyle information, as well as blood, urine and saliva 
samples. COVID-19 testing data were provided by the UK 
Biobank through dynamic linkage with Public Health 
England’s Second Generation Surveillance System.7 

These data are only available for England and has 108 
laboratories reporting positive tests, and 101 reporting 
negative tests too. Data on deaths were taken from the 
Office of National Statistics, which the UK Biobank 
updates regularly for their participants, and it is fully 
linked for England.24

We followed participants in this programme from 8 
April 2020 to 30 September 2021, which is representa-
tive of the start of wider population testing (pillar 2) for 
COVID-19 in the UK to the latest available data entry 
point common to all different data sources (testing, 
hospitalisation, mortality records) at the time of anal-
ysis and writing. We limited our analysis to participants 
in England, given that England has a different multiple 
economic deprivation index to the other constituent 
countries of the UK, and testing data were only available 
for England.

Data from the UK Biobank were combined with National 
Health Service (NHS) Hospital Episode Statistics (HES) 
Admitted Patient Care data,25 a programme which stores 
data on all hospital admissions, outpatient appointments 
and attendances, to build a comprehensive database that 
gathered information on COVID-19 testing, hospitalisa-
tion and mortality, as well as key variables including age, 
sex, ethnicity and SES for the entire cohort.

Multistate framework
A multistate model26 served as the framework for anal-
ysis, which has been used previously to describe risks 
of COVID-19 diagnosis, hospitalisation and death else-
where.27 These models allow the characterisation and 
analysis of individual transitions between different 
‘COVID-19 states’. In this study, all participants began as 
part of the UKB, who had never been tested for COVID-
19. They could then progress to one of three separate 
states: testing negative, testing positive or direct hospi-
talisation (where testing positive for COVID-19 occurred 
on the same day as hospitalisation). Addition of a fifth 
health state of ‘death’ allowed for seven separate possible 
transitions: UKB to negative, UKB to positive, UKB to 
hospital, negative to positive, positive to hospital, positive 
to death (where hospitalisation occurred on the same 
day as death, or the patient was never hospitalised), and 
hospital to death (figure 1). Only the first negative test 
and subsequent positive test, or the first positive test, were 
counted, and each transition is unidirectional, so once 
an individual had a positive test, any subsequent negative 
tests are discounted.

Participants and study size
We initially included all participants of the UK Biobank 
programme. We excluded participants if they live outside 
of England, had died prior to the start of follow-up (8 
April 2020), had requested that their data not be used 
for research, or had either missing data on ethnic back-
ground or had answered ‘do not know’ or ‘prefer not to 
say’ to questions asking about ethnic background.
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Variables
The main ‘exposure’ of interest was ethnicity. Ethnicity 
was categorised into six groups, in line with the ethnic 
groupings specified by the UK Biobank at the time of 
recruitment to their programme. These are: Asian, 
black, Chinese, mixed, white and ‘other’. Further detail 
on the ethnicities comprising each group can be found 
in the UKBiobank showcase (https://biobank.ndph.ox.​
ac.uk/showcase/field.cgi?id=21000). Language used 
in the reporting and discussion of ethnicity in the text 
is in line with published recommendations.28 The main 
covariates for multivariable adjustment were sex, age and 
socioeconomic deprivation (Index of Multiple Depriva-
tion quintiles) and comorbidities The Index of Multiple 
Deprivation combines information from seven unique 
domains of deprivation, to provide an overall relative 
measure of deprivation for 32 844 neighbourhoods in 
England (lower layer super output areas).29 Comorbidi-
ties were assessed using both hospitalisation data (HES) 
and primary care at the time of start of follow-up (8 April 
2020). We used ICD-10 (International Classification 
of Diseases Revision 10) for HES,30 and SNOMED and 
READ codes for primary care used previously,31 using the 
categories of the Charlson Comorbidity Index.

Outcomes
The outcomes of interest were results of COVID-19 tests, 
hospitalisation with COVID-19 and COVID-19-related 
death, gathered using the data sources discussed above. 
We deemed as COVID-19-related death or hospitalisation 
with COVID-19 those which occurred within 28 days of 
a positive SARS-CoV-2 test. COVID-19 was not required 
to be the primary diagnosis or reason for hospitalisation. 
Data on whether tests were positive or not was obtained 
from Public Health England as described elsewhere.7

Test count: Another outcome of interest was the test 
count, defined as the number of tests taken for each 
patient since the start of the follow-up period until the 
end of it.

Receiving a COVID-19 vaccine was defined as 
having a code READ code ‘Y29e7’ or SNOMED CT 
‘1324681000000101’ for the first dose and ‘Y29e8’ or 

‘1324691000000104’ for the second dose on the primary 
care data.

Statistical methods
Baseline characteristics are presented as n (%) or median 
(IQR) overall and for each ethnicity category. Incidence 
of outcomes is shown as % of people who transition from 
one state to another during the whole study period. A 
Cox proportional hazards model was used to determine 
HRs for each group undergoing each transition in the 
multistate model, adjusted for the confounders outlined 
above. A ‘clock forward’ approach, modelling all tran-
sitions in the same timescale (time since entering the 
study), for time-to-events was used. The proportional 
hazards assumption was checked using the Kaplan-Meier 
estimator.32

Quasi-Poisson (to account for overdispersion) regres-
sions were used to analyse the number of tests under-
taken by each participant. It was further stratified by 
ethnic background.

For the analyses of vaccines, a Cox proportional hazards 
model was again used to determine HRs for each variable 
and transition: from unvaccinated to first dose and from 
first dose to second dose.

All statistical analyses were carried out using R: the 
tidyverse collection of packages for data curation,33 the 
mstate and survival packages for multistate modelling 
and statistical regressions,34 35 and kable and kableExtra 
for graphical representation.36

HRs for the positive to death transition are not shown, 
as most groups had no individuals undergoing this tran-
sition, causing CIs which were too wide to provide real 
information about relative risk.

Patient and public involvement
No funding was available for patient or public involve-
ment in this project. No patients were involved in setting 
the research question or the outcome measures. Patients 
were not invited to comment on the study design, not 
consulted to develop patient relevant outcomes or inter-
pret the results, and not invited to contribute to the 

Figure 1  Overview of the multistate model used in this study with the four ‘COVID-19 states’ and the possible transitions.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

at O
xfo

rd
 U

n
iversity

 
o

n
 M

ay 17, 2026
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

21 S
ep

tem
b

er 2023. 
10.1136/b

m
jo

p
en

-2023-074367 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=21000
https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=21000
http://bmjopen.bmj.com/


4 Urdiales T, et al. BMJ Open 2023;13:e074367. doi:10.1136/bmjopen-2023-074367

Open access�

writing or editing of this document for readability or 
accuracy.

RESULTS
Baseline characteristics
After initial inclusion of all participants of the UK Biobank 
programme (n=502 510), a total of 405 541 (80.7%) 
participants were included in the final analysis (figure 2). 
The baseline characteristics of the final population are 
summarised in table  1. Our cohort was predominantly 
white with 381 650 (94.1%), and the majority were female 
(224 128–55.3%). The median age was 70.5 years, but the 
median age of white participants was around 5 years older 
than participants of other ethnic groups. Participants 
living in areas in the upper quintiles of socioeconomic 
status were more frequent in the cohort overall (29.7% in 
Q1 vs 12.8% in Q5), and there was a clear disparity in the 
distribution of participants between different quintiles 
based on ethnicity (online supplemental figure 1).

Occurrence of COVID-19 outcomes
Of the entire cohort, 18 172 (4.5%) individuals tested posi-
tive, and a further 3285 (0.8%) tested positive following a 
previous negative result. A total of 1490 individuals (6.9% 
of those who tested positive) were hospitalised following 
a positive result, and a further 2322 (0.6%) were directly 
hospitalised. Of those who were hospitalised, 662 indi-
viduals (17.4%) subsequently died within 28 days of a 
positive COVID-19 test. Full descriptive statistics of the 
transitions between each COVID-19 state are shown in 

online supplemental table 1, stratified by ethnicity, socio-
economic deprivation, sex and age.

Risks of testing positive, hospitalisation and death
Stratification of the cohort by ethnicity revealed differ-
ences between different ethnic groups in their risk 
of transitioning between different COVID-19 states 
(figure 3, online supplemental table 2). Compared with 
white participants, Asian participants had an increased 
risk of testing positive (1.40 (95% CI 1.30 to 1.51)) and 
direct hospitalisation (1.32 (95% CI 1.04 to 1.67)), and 
a reduced risk of testing negative (0.92 (95% CI 0.88 to 
0.95)). Black participants had an increased risk of hospi-
talisation following a positive test (1.51 (95% CI 1.14 to 
2.01)) and direct hospitalisation (1.54 (95% CI 1.22 to 
1.94)). In contrast, Chinese participants had a reduced 
risk of testing negative (0.67 (95% CI 0.59 to 0.76)) and 
testing positive (0.41 (95% CI 0.29 to 0.58)). Participants 
with mixed or ‘other’ ethnicity did not have any notable 
differences in their risks of transitioning between any 
states compared with white participants. Once hospi-
talised, no ethnic group had increased risk of death 
compared with white participants.

Given the multistate model only accounts for the first 
positive or negative test an individual takes, Quasi-Poisson 
regression was used to compare differences in the amount 
of COVID-19 testing between groups (table 2). Black (1.15 
(95% CI 1.08 to 1.22)) and ‘other ethnicity’ (1.13 (95% 
CI 1.03 to 1.23)) participants had an increased likelihood 
of testing for COVID-19, whereas in contrast Chinese 

Figure 2  Flow chart outlining stepwise exclusions of participants.
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participants had a reduced likelihood (0.70 (95% CI 0.58 
to 0.86)).

In addition, we extracted data concerning COVID-19 
vaccine uptake among our cohort, covering both the first 
and second doses of the vaccine (table 3). With regard 
to the first dose, all ethnic groups except Asian were 
less likely to have been vaccinated at the time of writing, 
compared with white participants. Asian and mixed 
ethnicity had similar chances than white participants to 
receive their second dose of the vaccine, whereas black 
and Chinese participants were less likely to.

DISCUSSION
Statement of principal findings
Our study of 405 541 participants of the UK Biobank 
demonstrates significant differences in risks of various 
COVID-19-related outcomes between different ethnic 
groups. Compared with white participants, we found that 
black and Asian participants have clearly increased risks 
of testing positive for COVID-19 and of being hospitalised 
for the disease. While our data suggest an increased risk 
of death following hospitalisation, the high uncertainty 
for this transition means that higher risk cannot be reli-
ably asserted.

Both Asian and black participants had a higher like-
lihood of being tested for COVID-19, whereas Chinese 
participants were less likely to be, compared with white 
participants. In terms of vaccine uptake, our study shows 
white and Asian participants had a higher likelihood of 

receiving their first vaccine dose compared with other 
ethnic groups. Compared with white participants, Asian 
and mixed ethnicity participants were more likely to 
receive their second vaccine dose, whereas black and 
Chinese participants were less likely to.

Strengths and weaknesses of the study
Our study has several strengths. First, it includes a large 
number of participants from an established database, 
allowing extraction of both baseline characteristics and 
linked information related to COVID-19 testing and 
hospitalisation, helping to avoid issues around the self-
reporting of COVID-19-related events and outcomes. 
Second, by choosing a start date for follow-up to coin-
cide with the initiation of wider population testing in the 
community for COVID-19, we address issues of collider 
bias intrinsic to similar studies that focused on the early 
first wave of the pandemic, when testing was more limited. 
Third, our follow-up window lasts for 18 months, allowing 
the inclusion of higher numbers of COVID-19 cases, as 
well as providing an up-to-date analysis now that the UK 
has experienced multiple waves of the pandemic.

However, our study also has some weaknesses. Compar-
ative studies have shown that the UK Biobank is not opti-
mally representative of the wider population, with UK 
Biobank participants tending to be older, more female, 
healthier and less socioeconomically deprived, as we 
show in our description of our cohort’s baseline char-
acteristics, which limits the generalisability of our find-
ings.37 Our approach to confounders helps to address 

Figure 3  Forest plots of ethnicity-stratified HRs, fully adjusted for age, sex and socioeconomic deprivation. The scale used 
for visualisation is linear but differs between each transition. The three dots reflect the x=1 axis. Fully adjusted for age, sex, 
socioeconomic deprivation and comorbidities.
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some of these issues, but we still have a very selected 
population. Although we adjust for socioeconomic status 
as a confounder, the deprivation index used is based on 
territorial units and not on individual characteristics, so 
it does not contain information pertaining to an indi-
vidual. For example, we do not measure occupation, an 
important driver of COVID-19, and most of our popula-
tion is in retirement age.

An important consideration is the potential 
confounding effect that differential vaccine uptake, illus-
trated in our results above, may have on our primary 
outcomes in the multistate model. Given the established 
effectiveness of vaccines in preventing severe disease, the 
vaccinated status of individuals in our study may have 
affected their risk of progressing through our multistate 
model. By design, our study could not include individuals 
who developed COVID-19 but did not test for it, or indi-
viduals who died with undiagnosed COVID-19. Also, the 
number of outcomes other than negative or positive tests 
in some ethnicity categories is quite low, so those should 
be interpreted with caution. We did not evaluate interac-
tions that may be relevant, such as gender, age and SES 
with ethnicity, due to the low number of outcomes. We 

also recognise that the UK Biobank’s initial categorisation 
of ethnicity, used by necessity in this study, differs from 
the current UK Government Statistical Service ethnicity 
harmonised standard. Differences in linkage to tests, with 
some laboratories not reporting negative tests, and avail-
ability and differential use and reporting of home testing, 
could also have biased the results.

Strengths and weaknesses in relation to other studies, 
discussing important differences in results
Our study has several strengths in comparison to previous 
studies examining COVID-19 outcomes using the UK 
Biobank. Our longer observation period and use of start 
dates in conjunction with wider population testing helps 
address intrinsic biases, and our multistate approach 
allows a more detailed assessment of different groups 
risks of specific outcomes than previously reported.38

This approach has allowed us to confirm several find-
ings of previous studies, mainly conducted in a time 
frame where testing was only performed in hospital, 
namely that black and Asian individuals have a higher 
risk of testing positive for COVID-19 (indicating severe 

Table 2  Quasi-Poisson regression coefficients for number 
of tests taken, stratified by ethnicity and shown at different 
levels of confounding

Quasi-Poisson
Risk ratio (95% CI)

Asian versus white

 � Unadjusted 1.10 (1.04 to 1.17)

 � Age and sex adjusted 1.14 (1.07 to 1.22)

 � Fully adjusted* 1.04 (0.97 to 1.10)

Black versus white

 � Unadjusted 1.27 (1.19 to 1.35)

 � Age and sex adjusted 1.35 (1.26 to 1.44)

 � Fully adjusted* 1.15 (1.08 to 1.22)

Chinese versus white

 � Unadjusted 0.64 (0.52 to 0.78)

 � Age and sex adjusted 0.68 (0.55 to 0.83)

 � Fully adjusted* 0.70 (0.58 to 0.86)

Mixed versus white

 � Unadjusted 0.98 (0.87 to 1.1)

 � Age and sex adjusted 1.05 (0.93 to 1.19)

Fully adjusted* 0.98 (0.87 to 1.10)

Other versus white

 � Unadjusted 1.15 (1.05 to 1.26)

 � Age and sex adjusted 1.22 (1.11 to 1.33)

Fully adjusted* 1.13 (1.03 to 1.23)

Risk ratios are the exponential of the regression estimates, with the 
corresponding CIs. Quasi-Poisson model results are shown due to 
overdispersion in the sample.
*Fully adjusted for age, sex and socioeconomic deprivation.

Table 3  Uptake risk of first and second doses of COVID-19 
vaccines, stratified by ethnic background

First dose
Risk ratio (95% CI)

Second dose
Risk ratio (95% CI)

Asian versus white

 � Unadjusted 0.82 (0.8 to 0.83) 0.86 (0.84 to 0.88)

 � Age and sex 
adjusted

0.99 (0.96 to 1.01) 1.08 (1.05 to 1.10)

Fully adjusted* 0.99 (0.97 to 1.01) 1.09 (1.06 to 1.11)

Black versus white

 � Unadjusted 0.52 (0.51 to 0.54) 0.69 (0.67 to 0.71)

 � Age and sex 
adjusted

0.61 (0.60 to 0.63) 0.79 (0.77 to 0.81)

Fully adjusted* 0.63 (0.61 to 0.64) 0.81 (0.78 to 0.83)

Chinese versus white

 � Unadjusted 0.65 (0.61 to 0.69) 0.74 (0.69 to 0.78)

 � Age and sex 
adjusted

0.78 (0.74 to 0.83) 0.90 (0.85 to 0.95)

 � Fully adjusted* 0.79 (0.74 to 0.83) 0.90 (0.85 to 0.95)

Mixed versus white

 � Unadjusted 0.66 (0.64 to 0.69) 0.75 (0.72 to 0.79)

 � Age and sex 
adjusted

0.85 (0.81 to 0.89) 1.03 (0.99 to 1.08)

 � Fully adjusted* 0.85 (0.82 to 0.89) 1.04 (1.00 to 1.09)

Other versus white

 � Unadjusted 0.62 (0.60 to 0.64) 0.8 (0.77 to 0.82)

 � Age and sex 
adjusted

0.74 (0.71 to 0.76) 1.01 (0.97 to 1.04)

 � Fully adjusted* 0.76 (0.73 to 0.79) 1.02 (0.99 to 1.06)

*Fully adjusted for age, sex, socioeconomic deprivation and 
comorbidities.
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disease as most were hospitalised).2 11 23 39 40 We found that 
once more wide availability of tests started, we still find an 
increased risk of testing positive in hospital for black and 
Asian people, and increased risk of hospitalisation once 
testing positive for black participants, but a risk of testing 
positive outside hospital and testing negative similar to 
white participants. Our results also show increased testing 
rates among black and Asian participants also supports 
studies undertaken in the UK using other data sources 
and methods, such as large scale primary care data.41

23 42 We found a test positivity rate similar to the general 
population but the case fatality rate seems to be higher 
than those of the general population for the same period. 
These differences are probably related to UK Biobank 
being composed of people of relatively older groups 
than the UK population.42 We also found an increased 
mortality for those hospitalised with COVID-19 among 
black, Asian and Chinese ethnic groups, although with 
high uncertainty due to low numbers. This is in line with 
previous studies,9 18 but probably with slightly lower due 
to those studies studying mortality in the general popula-
tion, and our lethality among the hospitalised.

Meaning of the study: possible explanations and implications 
for clinicians and policy-makers
The underlying causes of the inequalities demonstrated 
by our study are likely to be multifactorial, complex and 
varied.

Ethnic minority groups are disproportionately repre-
sented in lower socioeconomic groups, and deprivation 
is an established driver of poorer health outcomes. In our 
data, we could not disentangle deprivation effects from 
other related effects, such as occupation, other household 
inhabitants occupation, or living conditions. Data from 
the USA have suggested that ethnic minority groups are 
disproportionately represented in front-line roles which 
may increase exposure to the virus.43 Similarly, in the UK, 
data from the Office for National Statistics have shown 
that ‘key workers’ are more likely than average to be 
from an ethnic minority group.44 There is also evidence 
suggesting that ethnic minority groups in the UK are 
more likely to be employed in public-facing jobs where 
physical distancing is difficult (eg, transport).40 45 Finally, 
there is evidence that ethnic minorities are more likely to 
live in overcrowded households, which represents a risk 
factor for COVID-19 diagnosis and severity.

In addition, structural and cultural racism and discrim-
ination are also likely to be important contributors to the 
adverse outcomes experienced by ethnic minority groups 
during the pandemic.46 It is established that ethnic dispar-
ities exist in a wide range of other healthcare contexts, 
such as maternal deaths47 and sectioning under the 
Mental Health Act.48 This has been thought to be multi-
factorial. Practical aspects such as transport availability 
and caring duties could have played a role.49 Another 
possibly more important factor is racial discrimination 
in medical settings and other institutional barriers, such 
as inadequate communication, and culturally insensitive 

care in the NHS. Studies have shown that implicit biases 
not only affect communication with patients, but also 
their experiences and outcomes of their clinical care.50 51 
This leads to lower trust in medical systems, and a higher 
susceptibility to targeted misinformation.49 52 53 These 
inbuilt systemic biases towards ethnic minorities could be 
directly contributing to poorer outcomes after COVID-19 
infection, due to delays in care, to the lower vaccination 
rate seen in the analyses, and to differential access to 
home testing and testing reporting.

Unanswered questions and future research
Further research using the datasets from this study, for 
example, could investigate availability of testing and 
vaccination by territorial region, which is a source of 
systemic bias. More research into the underlying causes 
of ethnic disparities in pandemic-related outcomes will be 
important, especially when designing practical, effective 
and appropriate public health policy responses to future 
pandemics.
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