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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 405541 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 18172 (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% Cl 1.02 to 1.52)), testing positive
(95% Cl 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% Cl 1.29 t0 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
t0 0.65)). In contrast, Chinese participants had a reduced
risk of testing negative (aHR 0.64 (95% Cl 0.57 t0 0.73)),
of testing positive (0.40 (95% Cl 0.28 to 0.57)) and of
vaccination (0.78 (95% Cl 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
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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.

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-2were reportedin Wuhan, Chinain
late 2019, as of 15 March 2022, the COVID-19
pandemic has seen more than 450 million
confirmed cases and 6million confirmed
deaths worldwide, causing unprecedented
economic and social disruption.' 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.”

In the early phase of the pandemic, initial
studies sought to characterise factors asso-
ciated with COVID-19 infection in patients
admitted to hospital,” * 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.’

To address these concerns, studies have
sought to study COVID-19 infection risk in
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larger population cohorts, such as the established UK
Biobank project.’ 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.” 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.* >’
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.S121618-2123

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.’

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.**

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.

Datafrom the UK Biobank were combined with National
Health Service (NHS) Hospital Episode Statistics (HES)
Admitted Patient Care data,” 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 model® served as the framework for anal-
ysis, which has been used previously to describe risks
of COVID-19 diagnosis, hospitalisation and death else-
where.”” 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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Figure 1 Overview of the multistate model used in this study with the four ‘COVID-19 states’ and the possible transitions.

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.cgirid=21000). Language used
in the reporting and discussion of ethnicity in the text
is in line with published recommendations.”® 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 32844 neighbourhoods in
England (lower layer super output areas).” 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,” 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.”

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 Y29¢7" 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.™

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,” the
mstate and survival packages for multistate modelling
and statistical regressions,34 % and kable and kableExtra
for graphical representation.”

HRs for the positive to death transition are not shown,
as most groups had no individuals undergoing this tran-
sition, causing Cls 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
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UK Biobank Cohort
502510

Requested their data not be used

50

l

Available for analysis
502460

Died before left-censoring date: 08/04/2020

29961

l

Alive at the start of follow-up
472499

l

Available residents of England
407834

l

Final cohort
405541

Patients outside of England
64665

Ethnicity data unavailable
2293

Figure 2 Flow chart outlining stepwise exclusions of participants.

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=502510), a total of 405541 (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 381650 (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 byears 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, 18172 (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

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

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
" Als1aaiun paogxo 1e 920z ‘LT AeN uo jwod fwg uadolway/:diy wolj pspeojumoq "£20z 18qwisldss Tz Uo L9ev/.0-€202-uadolwg/9eTT 0T Se pays!tignd 1suyy :uado (NG


https://dx.doi.org/10.1136/bmjopen-2023-074367
https://dx.doi.org/10.1136/bmjopen-2023-074367
https://dx.doi.org/10.1136/bmjopen-2023-074367
http://bmjopen.bmj.com/

)
7
[
3]
3]
@
c
[
o

o

BMJ Open: first published as 10.1136/bmjopen-2023-074367 on 21 September 2023. Downloaded from http://bmjopen.bmj.com/ on May 17, 2026 at Oxford University .

Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

‘U 8zIs dnoib 03 }08dsas YUM paeinojed

aJe (s19y0eIq UIl) sabejusalad ||y "HO| apisbuole abe ueipaw dnoib Aq pajusseid si 86y "S81lIpIqIOWOD pUB Snjels dILoU0280I00s ‘ebe ‘xas sAe|dsip pue Anoluyie Aq pauiiesis ale ejeq

(10) 851 (#0) Lt (co s (¢0 s> (CYORE (o6 (1'0) ees (%) saiv
(6¢1) 820€9 (¢'6) G9¢ (1'o1) gs2 (8) 901 (2°6) €02 (9°2) 599 (CEANRAARe e} (%) 400UED
(9°9) 9ez e (¢'9) ove (1'9) 51 (Ge) Lt (e'01) 062 (@) 189 (2'9) 9022 (%) esess|p [eual 819A8S 10 8)BISPON
(8'0) s¥0€ (8°0) ¢ (8°0) 02 (S0 9 (e1) g6 (670) 08 (8°0) 8.2¢ (%) e1bs|diwoH
(9'6) £959¢ (902) 218 (67L1) Log (ezh) 9L (ec2) €691 (9'0¢) 2892 (rol) gzzey (%) se1eqeIq
(v'2) 8026 (g¢) 6EL (22) 69 (8'¢) 0 (272) 002 (52) vee (#°2) 0686 (%) @sessip Janl| PIA
(6€) 02211 (8) L6l (2°€) v6 (Sv) 09 (9v) vee (ev) 188 (6°€) 0£8G1 (%) esessip Jo0jn oldad
(6€)eLLyl (ce) 8zl (9¢) 26 (81 ve (ev) soe (ev) eLe (6°€) G€9G1 (%) esess|p [eolbojoyewNayy
(c61) g8e€L (181 612 (112) 985 (er)est  (1'8L) Gielk (02) 1921 (c61) 66822 (%) esessip Areuow|nd ojuoiyn
(1°1) 280% (9°0) vz (90) 9t (r0)g (e1) 28 (60) 08 (1) 662¥ (%) enusweq
(2v) 2208l (¥) 251 (9¢) 26 () 92 (5v) vee (67¢) L¥E (2'v) 89681 (%) esessip Jenosencigeie)
(62 SLLLL (671 G2 (12 vs (€121 61 ovL (872 eve (62 er9 Ll (%) osess|p Jejnosen [essydLiad
(872) 50201 (c2) 68 (¥1) 9e (50 2 (r2) 8Ll (€) 292 (82) 28z L1 (%) ®anjiey pesy anssbuo)
(¥) oevS1 (g¢) Le1 (€) G2 (o s (1°2) 25tk (9'9) 085 (v) 68€91 (%) uonouejul [eIpsed0AN
SelIpIgIowo)
(8"L1) 800G (962) €211 (c2) €85 (Sv1) 26l (ey) LelLe (9°12) Lo6 (8°21) ¥86 1S (%) so
(S1) gse /8 (e'v2) 296 (2°02) v2s (121) 222 (#'82) 8902 (8'52) 8922 (9°G1) vOr €9 (%) vO
(6°21) 9589 (2°21) €02 (e21)9ev (e'1e)esz  (e'Sh) 90kt (8'02) G281 (6721) 8022 (%) €O
(S'v2) 259¢6 (L'v1) 695 (8°61) 20S (L'61) €52 (8) 85 (591) gsvi (6'€2) 20026 (%) 2o
(2'0€) 622211 (ev1) 295 (7'61) 26t (6°22) 028 (7°9) 068 (eg1) gvel (2'62) evv 02k (%) 1O
co_ym>_\_QmU JlWOUO0D80I00S
(1'92-2€9)80L (€12-€89)9v9 (10.-929)829 (60.-68%) 1'GS9 (0/-6'269)€9 (52.-2'89)2S9 (8G.-829) G0, ("ol veipaw) oby
(L'v¥) 9290L1 (Gzv) 9891 (5'9¢) 526 (ege)8oy  (S'Lv) LLOE (8°29) 2vov (Zvv) elv 18l (%) slew=xsg
059 I8¢ 796¢ 1852 veel G2l 1628 [Relelo}7 u
SHUM Y10 PaxIN asaulyo joe|g ueisy nv u
SolIS1eoBIBYD BUll@seq uoleindod poyo) | 9|qeL

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


http://bmjopen.bmj.com/

Hazard ratio HR [95% Cl] Hazard ratio HR [95% Cl]

UKB-Negative Negative-Positive

Asian 0.92 [0.88,0.96] &3 Asian 1.21[0.99,1.48] —

Black 1[0.96,1.05] [ Black 1.030.83,1.29] —_—

Chinese 0.67 [0.59,0.76] =3 § Chinese 0.5[0.19,1.33] =

Mixed 1.05[0.97,1.13] Il Mixed 0.96 [0.65,1.42] —

Other 1.04[0.98,1.11] = Other 1.27[0.96,1.67] =
UKB-Positive UKB-Hospital

Asian 14[1.3,1.51] ] Asian 1.32[1.04,1.67] —

Black 0.94[0.85,1.03] = Black 1.54[1.22,1.94] —

Chinese 0.41[0.29,0.58] — Chinese 1.32[0.63,2.77] —_—

Mixed 0.95[0.81,1.12] = Mixed 0.87[0.49,1.54] —

Other 0.95[0.83,1.09] =5 Other 1.22[0.84,1.78] =
Positive-Hospital Hospital-Death

Asian 0.93[0.72,1.19] — Asian 1.23[0.81,1.85] —_—

Black 1.51[1.14,2.01] e Black 1.18[0.74,1.88] —

Chinese 1.78[0.57,5.56] —_—— Chinese 1.21[0.3,4.87] _—

Mixed 1.220.69,2.16] —_— Mixed 0.83[0.31,2.24] e

Other 0.94[0.59,1.51] —_— Other 0.7[0.26,1.89]

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=1axis. Fully adjusted for age, sex,

socioeconomic deprivation and comorbidities.

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 405541 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
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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% Cl)

Asian versus white
Unadjusted
Age and sex adjusted
Fully adjusted*

1.10 (1.04 to 1.17)
1.14 (1.07 to 1.22)
1.04 (0.97 to 1.10)
Black versus white
Unadjusted
Age and sex adjusted

1.27 (1.19 to 1.35)
1.35 (1.26 to 1.44)
Fully adjusted* 1.15(1.08 to 1.22)
Chinese versus white
Unadjusted

Age and sex adjusted

0.64 (0.52 to 0.78)
0.68 (0.55 to 0.83)
Fully adjusted” 0.70 (0.58 to 0.86)
Mixed versus white
Unadjusted

Age and sex adjusted

0.98 (0.87 to 1.1)
1.05 (0.93 to 1.19)
Fully adjusted* 0.98 (0.87 to 1.10)
Other versus white

1.15 (1.05 to 1.26)
1.22 (1.11 to 1.33)

1.13 (1.03 to 1.23)

Unadjusted
Age and sex adjusted
Fully adjusted”

Risk ratios are the exponential of the regression estimates, with the
corresponding Cls. Quasi-Poisson model results are shown due to
overdispersion in the sample.

*Fully adjusted for age, sex and socioeconomic deprivation.

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

Table 3 Uptake risk of first and second doses of COVID-19

vaccines, stratified by ethnic background

First dose
Risk ratio (95% Cl)

Second dose
Risk ratio (95% Cl)

Asian versus white
Unadjusted

Age and sex
adjusted

Fully adjusted*®
Black versus white
Unadjusted

Age and sex
adjusted

Fully adjusted*®

0.82 (0.8 to 0.83)
0.99 (0.96 to 1.01)

0.99 (0.97 to 1.01)

0.52 (0.51 to 0.54)
0.61 (0.60 to 0.63)

0.63 (0.61 to 0.64)

Chinese versus white

Unadjusted

Age and sex
adjusted

Fully adjusted*

Mixed versus white

0.65 (0.61 to 0.69)
0.78 (0.74 to 0.83)

0.79 (0.74 to 0.83)

0.86 (0.84 to 0.88)
1.08 (1.05 to 1.10)

1.09 (1.06 to 1.11)

0.69 (0.67 to 0.71)
0.79 (0.77 to 0.81)

0.81 (0.78 to 0.83)

0.74 (0.69 to 0.78)
0.90 (0.85 to 0.95)

0.90 (0.85 to 0.95)

Unadjusted 0.66 (0.64t0 0.69)  0.75(0.72 to 0.79)
Age and sex 0.85 (0.81 to 0.89) 1.03 (0.99 to 1.08)
adjusted

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

Other versus white

Unadjusted 0.62 (0.60t0 0.64) 0.8 (0.77 to 0.82)
Age and sex 0.74 (0.71 to 0.76) 1.01 (0.97 to 1.04)
adjusted

Fully adjusted*  0.76 (0.73t0 0.79)  1.02 (0.99 to 1.06)

*Fully adjusted for age, sex, socioeconomic deprivation and
comorbidities.

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.™
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
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disease as most were hospitalised).”'" *** 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.*'

# % 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.” 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,” '® 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.” 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.** 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).*”* 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.* Itis established that ethnic dispar-
ities exist in a wide range of other healthcare contexts,
such as maternal deaths*’ and sectioning under the
Mental Health Act.* This has been thought to be multi-
factorial. Practical aspects such as transport availability
and caring duties could have played a role.*” 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.” !
This leads to lower trust in medical systems, and a higher
susceptibility to targeted misinformation.” ** % 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.

Twitter Francesco Dernie @francescodernie

Acknowledgements This research has been conducted using the UK Biobank
Resource under Application Number 46228. This work uses data provided by
patients and collected by the NHS as part of their care and support. These data are
copyrighted, 2022, NHS England. Reused with the permission of the NHS England
and UK Biobank. All rights reserved.

Contributors DP-A and CP conceived and designed the study. TU, AP-U and MC
acquired and performed analyses of the data, and all authors were involved in
interpretation of the findings. FD, TU and AP-U drafted the work, and all authors
were involved in critical revisions of the subsequent drafts. All authors gave final
approval of the version to be published and agreed to be accountable for all aspects
of the work. AP-U is responsible for the overall content as guarantor.

Funding The research was supported by the National Institute for Health Research
(NIHR) Oxford Biomedical Research Centre (BRC). DP-A is funded through an NIHR
Senior Research Fellowship (Grant number SRF-2018-11-ST2-004).

Disclaimer The views expressed in this publication are those of the author(s) and
not necessarily those of the NHS, the National Institute for Health Research, or the
Department of Health.

Competing interests DP-A’s research group has received grant support from
Amgen, Chesi-Taylor, Novartis and UCB Biopharma. His department has received
advisory or consultancy fees from Amgen, Astellas, AstraZeneca, Johnson and
Johnson, and UCB Biopharma and fees for speaker services from Amgen and UCB
Biopharma. Janssen, on behalf of IMI-funded EHDEN and EMIF consortiums, and
Synapse Management Partners have supported training programmes organised by
DP-A's department and open for external participants organised by his department
outside submitted work.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and the North West
Multi-center Research Ethics Committee (MREC) approved the collection anduse
of UK Biobank data (16/NW/0274). UK Biobank approved the application used to
accessthe data (Application 46228) on 17 July 2019 and its access to COVID-19
data on 17 April 2020. Participants gave informed consent to participate in the
study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are not
publicly available. Data are available after a request to UKBiobank.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and

8

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

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
" Als1aaiun paogxo 1e 920z ‘LT AeN uo jwod fwg uadolway/:diy wolj pspeojumoq "£20z 18qwisldss Tz Uo L9ev/.0-€202-uadolwg/9eTT 0T Se pays!tignd 1suyy :uado (NG


https://twitter.com/francescodernie
http://bmjopen.bmj.com/

responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,

termi

nology, drug names and drug dosages), and is not responsible for any error

and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits

other

s to copy, redistribute, remix, transform and build upon this work for any

purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCI

D iDs

Tomas Urdiales http://orcid.org/0009-0001-1478-5641
Francesco Dernie http://orcid.org/0000-0001-5344-1967
Albert Prats-Uribe http://orcid.org/0000-0003-1202-9153
Daniel Prieto-Alhambra http://orcid.org/0000-0002-3950-6346

REF
1

2

ERENCES

Dong E, Du H, Gardner L. An interactive web-based dashboard to
track COVID-19 in real time. Lancet Infect Dis 2020;20:533-4.

Pan D, Sze S, Nevill CR, et al. Ethnicity and clinical outcomes in
COVID-19: A systematic review and meta-analysis. EClinicalMedicine
2021;31:100686.

Apea VJ, Wan YI, Dhairyawan R, et al. Ethnicity and outcomes in
patients hospitalised with COVID-19 infection in East London: an
observational cohort study. BMJ Open 2021;11:€042140.

Sapey E, Gallier S, Mainey C, et al. Ethnicity and risk of death

in patients hospitalised for COVID-19 infection in the UK: an
observational cohort study in an urban catchment area. BMJ Open
Respir Res 2020;7:000644.

Griffith GJ, Morris TT, Tudball MJ, et al. Collider bias undermines our
understanding of COVID-19 disease risk and severity. Nat Commun
2020;11:5749.

Sudlow C, Gallacher J, Allen N, et al. UK Biobank: an open access
resource for identifying the causes of a wide range of complex
diseases of middle and old age. PLoS Med 2015;12:e1001779.
Armstrong J, Rudkin JK, Allen N, et al. Dynamic linkage of
COVID-19 test results between public health England's second
generation surveillance system and UK Biobank. Microb Genom
2020;6:mgen000397.

Atkins JL, Masoli JAH, Delgado J, et al. Preexisting Comorbidities
predicting COVID-19 and mortality in the UK Biobank community
cohort. J Gerontol A Biol Sci Med Sci 2020;75:2224-30.

Batty GD, Gaye B, Gale CR, et al. Explaining ethnic differentials

in COVID-19 mortality: A cohort study. Am J Epidemiol
2022;191:275-81.

Patel AP, Paranjpe MD, Kathiresan NP, et al. Race, socioeconomic
deprivation, and hospitalization for COVID-19 in English participants
of a national Biobank. Int J Equity Health 2020;19:114.
Raisi-Estabragh Z, McCracken C, Bethell MS, et al. Greater risk of
severe COVID-19 in black, Asian and minority ethnic populations is
not explained by Cardiometabolic, socioeconomic or behavioural
factors, or by 25(0OH)-Vitamin D status: study of 1326 cases from the
UK Biobank. J Public Health (Bangkok) 2020;42:451-60.

Razieh C, Zaccardi F, Islam N, et al. Ethnic minorities and COVID-19:
examining whether excess risk is mediated through deprivation. Eur
J Public Health 2021;31:630-4.

Sattar N, Ho FK, Gill JM, et al. BMI and future risk for COVID-19
infection and death across sex, age and Ethnicity: preliminary
findings from UK Biobank. Diabetes Metab Syndr 2020;14:1149-51.
Woolford SJ, D’Angelo S, Curtis EM, et al. COVID-19 and
associations with frailty and Multimorbidity: a prospective analysis of
UK Biobank participants. Aging Clin Exp Res 2020;32:1897-905.
Woodward M, Peters SAE, Harris K. Social deprivation as a risk
factor for COVID-19 mortality among women and men in the UK
Biobank: nature of risk and context suggests that social interventions
are essential to mitigate the effects of future Pandemics. J Epidemiol
Community Health 2021;75:1050-5.

Chadeau-Hyam M, Bodinier B, Elliott J, et al. Risk factors for positive
and negative COVID-19 tests: a cautious and in-depth analysis of UK
Biobank data. Int J Epidemiol 2020;49:1454-67.

Chudasama YV, Zaccardi F, Gillies CL, et al. Patterns of
Multimorbidity and risk of severe SARS-Cov-2 infection: an
observational study in the U.K. BMC Infect Dis 2021;21:908.

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Elliott J, Bodinier B, Whitaker M, et al. COVID-19 mortality in the UK
Biobank cohort: revisiting and evaluating risk factors. Eur J Epidemiol
2021;36:299-309.

Ho FK, Celis-Morales CA, Gray SR, et al. Modifiable and non-
Modifiable risk factors for COVID-19, and comparison to risk factors
for influenza and pneumonia: results from a UK Biobank prospective
cohort study. BMJ Open 2020;10:e040402.

Kolin DA, Kulm S, Christos PJ, et al. Clinical, regional, and genetic
characteristics of COVID-19 patients from UK Biobank. PLoS One
2020;15:e0241264.

Lassale C, Gaye B, Hamer M, et al. Ethnic disparities in
Hospitalisation for COVID-19 in England: the role of socioeconomic
factors, mental health, and inflammatory and pro-inflammatory
factors in a community-based cohort study. Brain Behav Immun
2020;88:44-9.

McQueenie R, Foster HME, Jani BD, et al. Multimorbidity,
Polypharmacy, and COVID-19 infection within the UK Biobank
cohort. PLoS One 2020;15:0238091.

Niedzwiedz CL, O’Donnell CA, Jani BD, et al. Ethnic and
socioeconomic differences in SARS-Cov-2 infection: prospective
cohort study using UK Biobank. BMC Med 2020;18:160.

UK Biobank. UK Biobank mortality data: linkage to death registries.
2020. Available: http://www.ukbiobank.ac.uk/

Herbert A, Wijlaars L, Zylbersztejn A, et al. Data resource profile:
hospital episode Statistics admitted patient care (HES APC). Int J
Epidemiol 2017;46:1093-1093i.

Meira-Machado L, de Ufia-Alvarez J, Cadarso-Suarez C, et al. Multi-
state models for the analysis of time-to-event data. Stat Methods
Med Res 2009;18:195-222.

Burn E, Tebé C, Fernandez-Bertolin S, et al. The natural history

of symptomatic COVID-19 during the first wave in Catalonia. Nat
Commun 2021;12:777.

Flanagin A, Frey T, Christiansen SL, et al. Updated guidance on

the reporting of race and Ethnicity in medical and science journals.
JAMA 2021;326:621-7.

GOV.UK. English indices of deprivation 2019. n.d. Available: https://
www.gov.uk/government/statistics/english-indices-of-deprivation-
2019

Sundararajan V, Henderson T, Perry C, et al. New ICD-10 version of
the Charlson Comorbidity index predicted in-hospital mortality. J Clin
Epidemiol 2004;57:1288-94.

Xie J, Prats-Uribe A, Feng Q, et al. Clinical and genetic risk factors
for acute incident venous thromboembolism in ambulatory patients
with COVID-19. JAMA Intern Med 2022;182:1063-70.

Kaplan EL, Meier P. Nonparametric estimation from incomplete
observations. J Am Stat Associat 1958;53:457-81.

Wickham H, Averick M, Bryan J, et al. Welcome to the Tidyverse.
JOSS 2019;4:1686. 10.21105/joss.01686 Available: https://doi.org/
10.21105/joss.01686

deLC, Fiocco M, Putter H. Mstate: an R package for the analysis of
competing risks and multi-state models. J Stat Softw 2011;38:1-30.
Therneau MT, Therneau T. A package for survival analysis in R. R
package version 3.2-3. 2020;:1-172.Therneau T (2020). A package
for survival analysis in R. R package version 3.2-3. 2020.

kableExtra: construct complex table with ‘Kable’ and pipe syntax
version 1.3.4 from CRAN. n.d. Available: https://rdrr.io/cran/
kableExtra/

Fry A, Littlejohns TJ, Sudlow C, et al. Comparison of
Sociodemographic and health-related characteristics of UK Biobank
participants with those of the general population. Am J Epidemiol
2017;186:1026-34.

Hastie CE, Mackay DF, Ho F, et al. Vitamin D concentrations and
COVID-19 infection in UK Biobank. Diabetes & Metabolic Syndrome:
Clinical Research & Reviews 2020;14:561-5.

Agyemang C, Richters A, Jolani S, et al. Ethnic minority status as
social determinant for COVID-19 infection, Hospitalisation, severity,
ICU admission and deaths in the early phase of the pandemic: a
meta-analysis. BMJ Glob Health 2021;6:e007433.

Magesh S, John D, Li WT, et al. Disparities in COVID-19 outcomes by
race, Ethnicity, and socioeconomic status: A systematic-review and
meta-analysis. JAMA Netw Open 2021;4:e2134147.

Mathur R, Rentsch CT, Morton CE, et al. Ethnic differences in SARS-
Cov-2 infection and COVID-19-related Hospitalisation, intensive
care unit admission, and death in 17 million adults in England: an
observational cohort study using the Opensafely platform. The
Lancet 2021;397:1711-24.

UK Government. England summary | Coronavirus (COVID-19) in the
UK. 2023. Available: https://coronavirus.data.gov.uk/

Goldman N, Pebley AR, Lee K, et al. Racial and ethnic differentials in
COVID-19-related job exposures by occupational standing in the US.
PLoS One 2021;16:e0256085.

Urdiales T, et al. BMJ Open 2023;13:6074367. doi:10.1136/bmjopen-2023-074367

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
" Als1aaiun paogxo 1e 920z ‘LT AeN uo jwod fwg uadolway/:diy wolj pspeojumoq "£20z 18qwisldss Tz Uo L9ev/.0-€202-uadolwg/9eTT 0T Se pays!tignd 1suyy :uado (NG


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0009-0001-1478-5641
http://orcid.org/0000-0001-5344-1967
http://orcid.org/0000-0003-1202-9153
http://orcid.org/0000-0002-3950-6346
http://dx.doi.org/10.1016/S1473-3099(20)30120-1
http://dx.doi.org/10.1016/j.eclinm.2020.100686
http://dx.doi.org/10.1136/bmjopen-2020-042140
http://dx.doi.org/10.1136/bmjresp-2020-000644
http://dx.doi.org/10.1136/bmjresp-2020-000644
http://dx.doi.org/10.1038/s41467-020-19478-2
http://dx.doi.org/10.1371/journal.pmed.1001779
http://dx.doi.org/10.1099/mgen.0.000397
http://dx.doi.org/10.1093/gerona/glaa183
http://dx.doi.org/10.1093/aje/kwab237
http://dx.doi.org/10.1186/s12939-020-01227-y
http://dx.doi.org/10.1093/pubmed/fdaa095
http://dx.doi.org/10.1093/eurpub/ckab041
http://dx.doi.org/10.1093/eurpub/ckab041
http://dx.doi.org/10.1016/j.dsx.2020.06.060
http://dx.doi.org/10.1007/s40520-020-01653-6
http://dx.doi.org/10.1136/jech-2020-215810
http://dx.doi.org/10.1136/jech-2020-215810
http://dx.doi.org/10.1093/ije/dyaa134
http://dx.doi.org/10.1186/s12879-021-06600-y
http://dx.doi.org/10.1007/s10654-021-00722-y
http://dx.doi.org/10.1136/bmjopen-2020-040402
http://dx.doi.org/10.1371/journal.pone.0241264
http://dx.doi.org/10.1016/j.bbi.2020.05.074
http://dx.doi.org/10.1371/journal.pone.0238091
http://dx.doi.org/10.1186/s12916-020-01640-8
http://www.ukbiobank.ac.uk/
http://dx.doi.org/10.1093/ije/dyx015
http://dx.doi.org/10.1093/ije/dyx015
http://dx.doi.org/10.1177/0962280208092301
http://dx.doi.org/10.1177/0962280208092301
http://dx.doi.org/10.1038/s41467-021-21100-y
http://dx.doi.org/10.1038/s41467-021-21100-y
http://dx.doi.org/10.1001/jama.2021.13304
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019
http://dx.doi.org/10.1016/j.jclinepi.2004.03.012
http://dx.doi.org/10.1016/j.jclinepi.2004.03.012
http://dx.doi.org/10.1001/jamainternmed.2022.3858
http://dx.doi.org/10.1080/01621459.1958.10501452
http://dx.doi.org/10.21105/joss.01686
https://doi.org/10.21105/joss.01686
https://doi.org/10.21105/joss.01686
http://dx.doi.org/10.18637/jss.v038.i07
https://rdrr.io/cran/kableExtra/
https://rdrr.io/cran/kableExtra/
http://dx.doi.org/10.1093/aje/kwx246
http://dx.doi.org/10.1016/j.dsx.2020.04.050
http://dx.doi.org/10.1016/j.dsx.2020.04.050
http://dx.doi.org/10.1136/bmjgh-2021-007433
http://dx.doi.org/10.1001/jamanetworkopen.2021.34147
http://dx.doi.org/10.1016/S0140-6736(21)00634-6
http://dx.doi.org/10.1016/S0140-6736(21)00634-6
https://coronavirus.data.gov.uk/
http://dx.doi.org/10.1371/journal.pone.0256085
http://bmjopen.bmj.com/

44

45

46

47

48

49

House of Commons. 2023. Available: https://commonslibrary.
parliament.uk/coronavirus-which-key-workers-are-most-at-risk/
Khunti K, Platt L, Routen A, et al. Covid-19 and ethnic minorities:

an urgent agenda for overdue action the government’s report falls
seriously short on commitment. 2020.

Razai MS, Kankam HKN, Majeed A, et al. Mitigating ethnic disparities
in COVID-19 and beyond. BMJ 2021;372:m4921.

Knight M, Bunch K, Tuffnell D, et al. MBRRACE-UK saving lives,
improving mothers’ care — lessons learned to inform maternity care
from the UK and Ireland confidential enquiries into maternal deaths
and morbidity 2017-19. 2011. Available: https://www.npeu.ox.ac.uk/
mbrrace-uk/reports

GOV.UK. Modernising the mental health act - final report of the
independent review of the mental health act 1983. 1-322. 2018.
Available: www.gov.uk/dhsc

Yong A, Germain S. Ethnic minority and migrant women'’s struggles
in Accessing Healthcare during COVID-19: an Intersectional
analysis. Journal for Cultural Research 2022;26:65-82.

50

51

53

10.1080/14797585.2021.2012090 Available: https://doi.org/101080/
1479758520212012090

van Ryn M, Burgess DJ, Dovidio JF, et al. The impact of racism on
clinician cognition, behavior, and clinical decision making. Du Bois
Rev 2011;8:199-218.

Cooper LA, Roter DL, Carson KA, et al. The associations

of Clinicians’ implicit attitudes about race with medical visit
communication and patient ratings of interpersonal care. Am J Public
Health 2012;102:979-87.

Paul E, Fancourt D, Razai M. Racial discrimination, low trust in

the health system and COVID-19 vaccine uptake: a longitudinal
observational study of 633 UK adults from ethnic minority groups.

J R Soc Med 2022;115:439-47.

Gaughan CH, Razieh C, Khunti K, et al. COVID-19 vaccination
uptake amongst ethnic minority communities in England: a linked
study exploring the drivers of differential vaccination rates. J Public
Health (Oxf) 2023;45:65-74.

10

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

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
" Als1aaiun paogxo 1e 920z ‘LT AeN uo jwod fwg uadolway/:diy wolj pspeojumoq "£20z 18qwisldss Tz Uo L9ev/.0-€202-uadolwg/9eTT 0T Se pays!tignd 1suyy :uado (NG


https://commonslibrary.parliament.uk/coronavirus-which-key-workers-are-most-at-risk/
https://commonslibrary.parliament.uk/coronavirus-which-key-workers-are-most-at-risk/
http://dx.doi.org/10.1136/bmj.m4921
https://www.npeu.ox.ac.uk/mbrrace-uk/reports
https://www.npeu.ox.ac.uk/mbrrace-uk/reports
www.gov.uk/dhsc
http://dx.doi.org/10.1080/14797585.2021.2012090
https://doi.org/101080/1479758520212012090
https://doi.org/101080/1479758520212012090
http://dx.doi.org/10.1017/S1742058X11000191
http://dx.doi.org/10.1017/S1742058X11000191
http://dx.doi.org/10.2105/AJPH.2011.300558
http://dx.doi.org/10.2105/AJPH.2011.300558
http://dx.doi.org/10.1177/01410768221095241
http://dx.doi.org/10.1177/01410768221095241
http://dx.doi.org/10.1093/pubmed/fdab400
http://dx.doi.org/10.1093/pubmed/fdab400
http://bmjopen.bmj.com/

	Association between ethnic background and COVID-­19 morbidity, mortality and vaccination in England: a multistate cohort analysis using the UK Biobank
	Abstract
	Introduction﻿﻿
	Methods
	Study design, setting and data sources
	Multistate framework
	Participants and study size
	Variables
	Outcomes
	Statistical methods
	Patient and public involvement

	Results
	Baseline characteristics
	Occurrence of COVID-19 outcomes
	Risks of testing positive, hospitalisation and death

	Discussion
	Statement of principal findings
	Strengths and weaknesses of the study
	Strengths and weaknesses in relation to other studies, discussing important differences in results
	Meaning of the study: possible explanations and implications for clinicians and policy-makers
	Unanswered questions and future research

	References


