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Abstract

Background: We estimated population-level associations between ethnicity and corona-
virus disease 2019 (COVID-19) mortality using a newly linked census-based data set and
investigated how ethnicity-specific mortality risk evolved during the pandemic.

Methods: We conducted a retrospective cohort study of respondents to the 2011 Census
of England and Wales in private households, linked to death registrations and adjusted
for emigration (n=47 872 412). The outcome of interest was death involving COVID-19
between 2 March 2020 and 15 May 2020. We estimated hazard ratios (HRs) for
ethnic-minority groups compared with the White population, controlling for individual,
household and area characteristics. HRs were estimated on the full outcome period and
separately for pre- and post-lockdown periods.

Results: In age-adjusted models, people from all ethnic-minority groups were at elevated
risk of COVID-19 mortality; the HRs for Black males and females were 3.13 (95%
confidence interval: 2.93 to 3.34) and 2.40 (2.20 to 2.61), respectively. However, in fully
adjusted models for females, the HRs were close to unity for all ethnic groups except
Black [1.29 (1.18 to 1.42)]. For males, the mortality risk remained elevated for the Black
[1.76 (1.63 to 1.90)], Bangladeshi/Pakistani [1.35 (1.21 to 1.49)] and Indian [1.30 (1.19 to
1.43)]1 groups. The HRs decreased after lockdown for all ethnic groups, particularly Black
and Bangladeshi/Pakistani females.
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Conclusion: Differences in COVID-19 mortality between ethnic groups were largely
attenuated by geographical and socio-demographic factors, though some residual differ-
ences remained. Lockdown was associated with reductions in excess mortality risk in
ethnic-minority populations, which has implications for a second wave of infection.
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Key Messages

verse outcomes of COVID-19.

¢ Several studies suggest that the risk of adverse outcomes of COVID-19 is elevated for Black, Asian and minority-eth-
nic groups compared with the White population, but results pertaining to which ethnic groups are at greatest risk are
mixed and depend on the data sources used and the covariates adjusted for.

* To date, there is no published evidence on the association between lockdown measures and ethnic inequalities in ad-

By linking population-level census data for England and Wales to death registrations, we found the elevated risk of

COVID-19 mortality for ethnic-minority groups to be largely driven by location, living circumstances, socio-economic

factors, occupational exposure and self-reported health status.

* Differences in mortality rates between ethnic groups were considerably reduced following the introduction of lock-
down measures, with the Black population experiencing the greatest fall in mortality rates.

* In the event of a second wave of infection or local spikes in incidence, restricting freedom of movement and activity

may reduce the inequality in mortality rates between ethnic groups.

Introduction

Coronavirus disease 2019 (COVID-19) is a serious infec-
tious disease originally reported in China in December
2019, caused by novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). More than 660 000 deaths
attributable to COVID-19 have been reported worldwide
and, in the UK alone, >50 000 death registrations have
mentioned COVID-19' and >130 000 people have been
hospitalized with the disease” as of 29 July 2020. As the
pandemic has evolved, a growing body of evidence has
emerged on the clinical risk factors associated with
COVID-19 infection, hospitalization and death, including
age, sex, obesity and chronic conditions including diabetes,
hypertension, lung disease and cardiovascular disease.’™
However, evidence also suggests that socio-economic fac-
tors may be drivers of variations in COVID-19 morbidity
and mortality.® For instance, COVID-19-related mortality
in England and Wales is nearly twice the rate in the most
deprived areas compared with the least deprived,” with the
highest mortality rates among working-age people ob-
served among those working in elementary occupations or
social care.®Heterogeneity in health status between ethnic
groups has been well documented across multiple countries
over the course of a number of decades.” As the
2009 A(HIN1) influenza pandemic disproportionately

affected ethnic-minority groups in England,'® the relation-
ship between ethnicity and COVID-19 outcomes is of sub-
stantial interest, particularly in England and Wales, where
14% of the population reported being of non-White eth-
nicity at the last decennial census in 2011. Existing evi-
dence indicates that the risk of hospitalization and death
due to COVID-19 in the UK is elevated for Black, Asian
and minority-ethnic (BAME) individuals compared with
the White population.®'"'> However, the magnitude of
the association varies depending on the data sources used
and the covariates adjusted for,'? and little is known about
the mechanisms driving differences in the risk of COVID-
19-related death across ethnic groups.

The present study makes three important contributions
to the research into ethnic disparities in COVID-19 out-
comes. First, we used microdata from the 2011 Census of
England and Wales and linked death registrations to inves-
tigate, at a population level, the association between eth-
nicity and COVID-19-related mortality risk. Second, we
exploited a broad range of structural factors related to
geography, household
socio-economic position available in the 2011 Census, of-

composition, occupation and
ten associated with ethnic inequality in health status, to in-
vestigate whether these factors mediate the relationship
between ethnicity and COVID-19-mortality risk. Third,
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we examined how the relative risk of COVID-19 mortality
between White and ethnic-minority groups has evolved
over the course of the pandemic, focusing on the periods
before and after the ‘lockdown’ restrictions on freedom of
activity were announced by the UK government.

Methods
Study design and data

In this observational, retrospective cohort study, the study
population included all usual residents of England and
Wales enumerated in private households (not communal
establishments) at the time of the 2011 Census (27 March
2011) who had not died before 2 March 2020. We ex-
cluded individuals who entered the UK during the year be-
fore the census due to their high propensity for having left
the UK prior to the study period and those aged
>100 years at the time of the census.

We did not include post-2011 births and immigrants;
these groups are not captured in the 2011 Census and
therefore have no ethnicity or covariate data recorded. For
the same reason, individuals not enumerated in the 2011
Census (estimated to be 6.1% of the population of
England and Wales'*) were not included in our study pop-
ulation. Our study population therefore consisted of
47 872 412 individuals aged >9years on 2 March 2020
(the youngest possible, given the 9-year lag from enumera-
tion at the 2011 Census).

We linked the 2011 Census to the 2011-2013 NHS
Patient Registers to obtain NHS Numbers, with a linkage
rate of 94.6% (for further details on Census to Patient
Register linkage rates by characteristics of interest, see the
Supplementary Appendix, available as Supplementary data
at IJE online ). Deaths were then linked to the study data
set using NHS Number, achieving linkage rates of 89.9%
of deaths between 27 March 2011 and 1 March 2020, and
90.8% of those between 2 March 2020 and 15 May 2020
that were registered by 29 May 2020.

Throughout the analysis, we applied weights reflecting
the probability of having remained in the country between
March 2011 and March 2020, based on data from the
NHS Patient Register and the International Passenger
Survey. For further information on the methodology for
adjusting for emigration, see the Supplementary Appendix,
available as Supplementary data at IJE online. .

Outcome and exposure

Our outcome of interest was death involving COVID-19,
between 2 March 2020 and 15 May 2020, registered by 29
May 2020. Deaths involving COVID-19 included those

with an underlying cause, or any mention, of ICD-10 codes
U07.1 (COVID-19, virus identified) or U07.2 (COVID-19,
virus not identified). Time at risk started on 2 March 2020
and ran until 15 May 2020 or date of death.

Our exposure of interest was self-reported ethnic affilia-
tion. Ethnic breakdown was based on the census ethnicity
question, with some groups collapsed to ensure that out-
come counts were large enough to reliably estimate hazard
ratios (HRs) (see Supplementary Table 1, available as
Supplementary data at IJE online). The White ethnic group
was used as the reference category in all models. Ethnicity
was imputed in 3.0% of 2011 Census returns due to item
non-response using nearest-neighbour donor imputation,
the methodology employed by the Office for National
Statistics across all 2011 Census variables."’

Covariates

We controlled for geographical and socio-demographic factors
that may be associated with the risk of COVID-19 mortality
(Table 1), through either the propensity to become infected or
the propensity to die once infected (which could not be distin-
guished using the data available for this study).

Statistical analyses

Age-standardized mortality rates

We calculated age-standardized mortality rates (ASMRs)
for the different ethnic groups as a measure of differences
in absolute risk of COVID-19 mortality, whereby the age-
by-sex distribution within each group was standardized to
the overall distribution in the study population.

Cox-proportional-hazard models
We used Cox-proportional-hazard models to assess
whether differences in the risk of COVID-19-related death
across ethnic groups could be accounted for by the factors
listed in Table 1. When fitting the Cox models, we in-
cluded all individuals who died during the analysis period
and a weighted 1% random sample of those who did not.
We estimated separate models for males and females, as
the risk of death involving COVID19 differs markedly by
sex.” We estimated models that only adjusted for age be-
fore adding groups of control variables step by step and
assessing how these affected the estimated HRs. First, be-
cause exposure to the disease is likely to vary across geo-
graphical areas, we adjusted for population density as a
covariate and allowed for different baseline hazards for
each local-authority district (LAD). Second, we adjusted
for a range of measures of socio-economic position, as they
may be associated with the risk of infection. Third, we
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Table 1 Covariates included in the Cox-regression models

Variable

Coding

Age variables

Single year of age

Geographical variables

Local-authority district

Population density of Lower Super Output Area (LSOA)

Socio-economic variables

Index of Multiple Deprivation (IMD), Welsh Index of
Multiple Deprivation (WIMD)'®!”

Household deprivation (see table note)

Household tenure
National Statistics Socio-Economic Classification (NS-SEC)
of household head

Level of highest qualification
Household variables
Household size

Family type
Multigenerational household
Household with children
Health-related variables
Self-reported health status
Self-reported disability status
Occupational-exposure variables
Key-worker type

Key worker in the household
Exposure to disease
Proximity to others

Household exposure to disease
Household proximity to others

Second-order polynomial

Dummy variables representing local-authority districts
Second-order polynomial, allowing for a different slope beyond the 99!
percentile of the distribution to account for extreme values

Dummy variables representing deciles of deprivation

Not deprived, deprived in one dimension, deprived in two dimensions, de-
prived in three dimensions, deprived in four dimensions

Own outright, own with mortgage, social rented, private rented, other

Higher managerial, administrative & professional occupations, intermedi-
ate occupations, routine & manual occupations, never worked, not ap-
plicable (aged >75 years)

Degree, A-level or equivalent, GCSE or equivalent, no qualification

1 or 2 people, 3 or 4 people, 5 or 6 people, 7+ people
Not a family, couple with children, lone parent
Three or more generations living together, other

At least one child aged 18 years or under, other

Very good, good, fair, poor, very poor
Not disabled, daily activity limited a lot, daily activity limited a little

Education & childcare, food & necessity goods, health & social care, pub-
lic services, national & local government, public safety & national secu-
rity, transport, utilities & communication, not a key worker

Yes, no

Score ranging from 0 (no exposure) to 100 (maximum exposure), derived
from O*NET data'®

Score ranging from 0 (no exposure) to 100 (maximum exposure), derived
from O*NET data'®

Maximum ‘exposure to disease’ score within each household

Maximum of ‘proximity to others’ score within each household

Household deprivation is defined according to four dimensions: employment (at least one household member is unemployed or long-term sick, excluding full-

time students); education (no household members have at least Level 2 education and no one aged 16-18 years is a full-time student); health and disability (at least

one household member reported their health as being ‘bad’/‘very bad’ or has a long-term health problem); and housing (the household’s accommodation is over-

crowded, with an occupancy rating of —1 or less, or is in a shared dwelling, or has no central heating). Key-worker type is defined based on the occupation and in-

dustry code. ‘Exposure to disease’ and ‘proximity to others’ are derived from the O*NET database, which collects a range of information about individuals’

working conditions and day-to-day tasks of their job. To calculate the proximity and exposure measures, the questions asked were: (i) How physically close to

other people are you when you perform your current job? (ii) How often does your current job require that you be exposed to diseases or infection? Scores ranging

from 0 (no exposure) to 100 (maximum exposure) were calculated based on these questions using methods previously described by the Office for National

Statistics [18].

adjusted for household composition, as it is likely to be
linked to the risk of infection, especially for the elderly;
e.g. living in multigenerational household may increase the
risk of exposure to the virus among vulnerable people.
Fourth, we adjusted for occupational exposure to capture
the differential risks of infection across occupations.
Finally, we adjusted for self-reported measures of health,
which could affect mortality either through increased ex-
posure to the virus or worsening of the prognosis.

Assessing the proportional-hazards assumption
We used Schoenfeld residuals from the fitted Cox models,
smoothed using generalized additive models, to assess
whether relative differences in the hazard of COVID-19
mortality between the ethnic groups changed over the
course of the pandemic.'”

To address potential non-proportionality in hazards be-
tween the White and ethnic-minority groups, we allowed

for time-dependent ethnicity coefficients in our Cox



International Journal of Epidemiology, 2020, Vol. 00, No. 00

models by stratifying on pre- and post-lockdown periods.
We selected 23 March 2020 (the date on which legally en-
forceable restrictions to freedom of activity were an-
nounced by the UK government) plus 3 weeks (to allow for
a lag between lockdown coming into force and its impact
on mortality rates) as a landmark date by which to divide
individuals® follow-up time. In sensitivity analysis, we in-
vestigated the impact on the estimated HRs of varying the
21-day lag duration by =7 days.

All statistical analyses were conducted using R version
3.5.2°

Results

Characteristics of the study population

In our study population of 47 872 412 usual residents in
England and Wales in 2011 who were still alive on 2
March 2020, just over half (51.6%) were female, the mean
age was 47 years and 86.4% reported being from a White
ethnic background (Table 2). Over the outcome period (2
March 2020 to 15 May 2020), the mean follow-up time
was 73.9days (standard deviation 2.2 days) and 37 956
individuals (0.08%) died of COVID-19.

Compared with the White population, individuals in
the non-White group: had a lower mean age; tended to re-
side in more densely populated areas; were more likely to
have never worked or be unemployed; were less likely to
own their own home and more likely to rent; were more
likely to live in a deprived neighbourhood; and were more
likely to live in a larger household.

Risk of COVID-19 mortality by ethnicity

For both males and females, the ASMRs of COVID-19
mortality (see Supplementary Table 2, available as
Supplementary data at IJE online) were greatest among
individuals identifying as Black (250.6 and 116.9 deaths
per 100 000 people, respectively) and lowest among those
identifying as White (87.3 and 51.8 deaths per 100 000
people, respectively). Levels of absolute risk were greater
among all ethnic-minority groups compared with the
White population.

Similarly, age-adjusted HRs indicated that males and
females from all ethnic-minority groups (except females of
Chinese ethnicity) were at greater risk of death involving
COVID-19 compared with those of White ethnicity
(Figure 1, Model 1). The rate of death involving COVID-
19 was 3.13 (95% confidence interval [CI]: 2.93-3.34)
times greater for Black males than for White males, and
2.40 [2.20-2.61] times greater for Black females than
White females. People of Bangladeshi/Pakistani, Indian,

Mixed and Other ethnic backgrounds also had raised rates
of death involving COVID-19 compared with those of
White ethnicity.

For females, the characteristics in the fully adjusted
model statistically explained the differences in risk com-
pared with the White population for all ethnic-minority
groups except those of Black ethnicity, as their hazard ratio
remained at 1.29 [1.17-1.42] after adjustment. Adjusting
for these characteristics also reduced the estimated HRs for
males, but they remained larger than one for all groups
other than Chinese and Mixed ethnic backgrounds.
Compared with White males, the rate of death involving
COVID-19 was 1.77 [1.64-1.91] times greater for Black
males, 1.35 [1.22-1.50] times greater for Bangladeshi and
Pakistani males, and 1.31 [1.19-1.43] times greater for
Indian males.

Risk of COVID-19 mortality before and after
lockdown

The smoothed Schoenfeld residuals by ethnic group (see
and S2,
Supplementary data at IJE online) indicated a non-

Supplementary  Figures S1 available as
constant hazard ratio of deaths involving COVID-19 over
the course of the pandemic for some groups. For the
Bangladeshi/Pakistani and Chinese groups for males and
the Black group for females, the log HRs tended to zero
midway through the outcome period, indicating dimin-
ished differences in risk between these ethnic-minority
groups and the White population.

The ASMRs decreased after lockdown for males of all
ethnic-minority groups, most notably by 61.8 deaths per
100 000 of the Black population, but increased by 12.1
100 000 of the White
(Supplementary Table S5, available as Supplementary data

deaths per population
at IJE online). Similar patterns were observed for females,
with ASMRs after lockdown decreasing by 42.4 deaths per
100 000 of the Black population but increasing by 13.3
deaths per 100 000 of the White population.

In our time-stratified, fully adjusted Cox models for
females (Figure 2), the rate of mortality involving COVID-
19 was elevated for the Bangladeshi/Pakistani and Black
groups compared with the White population over the pre-
lockdown period, with HRs of 1.22 [1.01-1.47] and 1.72
[1.53-1.93] respectively. After the lockdown, the HRs de-
creased to 0.87 [0.71-1.07] for the Bangladeshi/Pakistani
population and 0.83 [0.70-0.97] for the Black population.
For males, the Black, Indian and Other ethnic-minority
groups continued to experience a greater rate of COVID-
19 mortality than the White population, but with reduced
HRs.
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Table 2 Distributions of study variables, stratified by White/non-White ethnicity

Variable Level All people White Non-White Cohen’s d
Age (years) Mean 46.5 47.8 38.1 0.45
Sex Male 48.4% 48.5% 48.4% 0.00
Female 51.6% 51.5% 51.6% 0.00
Ethnicity White 86.4% - - -
Bangladeshi and Pakistani 3.0% - - -
Black 3.2% - - -
Chinese 0.6% - - -
Indian 2.6% - - -
Mixed 2.1% - - -
Other 2.2% - - -
Population density Mean 4424 3829 8211 1.00
(people per square
kilometre)
National Statistics Higher managerial, adminis- 30.7% 31.4% 26.2% 0.11
Socio-Economic trative and professional
Classification (NS- occupations
SEC) of household Intermediate occupations 18.7% 18.6% 19.2% 0.01
head Routine and manual 25.9% 26.0% 25.4% 0.01
occupations
Never worked, unemployed, 2.9% 2.4% 6.5% 0.25
Not elsewhere classified
Not applicable 21.8% 21.6% 22.7% 0.03
Tenure of household Owned outright 24.3% 25.7% 15.4% 0.24
Owned with a mortgage 42.6% 43.4% 37.1% 0.13
Shared ownership 0.7% 0.7% 0.8% 0.02
Social rented from council 8.2% 7.6% 12.0% 0.16
Other social rented 71% 6.6% 10.2% 0.14
Private rented 16.2% 15.1% 23.0% 0.21
Living rent-free 1.0% 0.9% 1.5% 0.06
Level of highest No qualification 15.4% 16.0% 11.9% 0.11
qualification Level 1: 1-4 GCSE/O-Level 11.2% 11.7% 8.5% 0.10
Level 2: 5+ GCSE/O levels 12.8% 13.5% 8.8% 0.14
Apprenticeship 2.9% 3.2% 0.7% 0.15
Level 3: 2+ A Levels or 10.1% 10.5% 7.5% 0.10
equivalent
Level 4+: degree or above 22.9% 22.8% 23.9% 0.03
Other 4.4% 3.7% 8.8% 0.24
Aged 16 years or under/full- 20.2% 18.6% 29.9% 0.28
time student
Index of Multiple Decile 1 9.7% 8.2% 19.2% 0.38
Deprivation (IMD), Decile 2 9.8% 8.5% 18.1% 0.33
Welsh Index of Decile 3 9.9% 9.2% 14.8% 0.19
Multiple Deprivation Decile 4 9.9% 9.7% 11.4% 0.06
(WIMD) Decile 5 10.0% 10.1% 9.3% 0.03
Decile 6 10.1% 10.5% 7.3% 0.11
Decile 7 10.1% 10.8% 5.7% 0.17
Decile 8 10.1% 10.9% 5.1% 0.19
Decile 9 10.2% 11.1% 4.6% 0.21
Decile 10 10.2% 11.1% 4.5% 0.22
Multigenerational Yes 5.5% 5.0% 9.1% 0.18
household
No 94.5% 95.0% 90.9% 0.18
Child in household Yes 49.8% 47.0% 67.2% 0.41
No 50.2% 53.0% 32.8% 0.41

(Continued)
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Table 2 Continued

Variable Level All people White Non-White Cohen’s d
Household size 1 or 2 people 39.7% 42.4% 22.4% 0.41
3 or 4 people 44.2% 44.4% 42.5% 0.04
5 or 6 people 14.1% 12.0% 27.2% 0.44
7+ people 2.1% 1.1% 7.9% 0.48
Family status Not in a family 15.6% 15.7% 14.7% 0.03
In a couple family 71.0% 71.7% 66.5% 0.11
In a lone-parent family 13.5% 12.6% 18.8% 0.18
Key-worker type Not key worker 84.4% 83.8% 88.0% 0.11
Education and childcare 4.6% 4.9% 2.5% 0.11
Food and necessary goods 0.8% 0.8% 0.5% 0.02
Health and social care 5.5% 5.5% 5.8% 0.02
Key public services 1.2% 1.2% 0.8% 0.02
National and local 0.6% 0.6% 0.4% 0.03
government
Public safety and national 1.2% 1.3% 0.5% 0.08
security
Transport 0.9% 0.9% 0.6% 0.04
Utilities and communication 1.0% 1.0% 0.9% 0.02
Key worker in Yes 15.9% 16.5% 12.3% 0.06
household
No 84.1% 83.8% 87.7% 0.06
Exposure to disease Mean (individual) 14.7 15.0 12.8 0.11
score (0-100) Mean (household) 28.7 28.4 30.5 0.09
Proximity to others Mean (individual) 45.4 46.9 35.5 0.38
score (0-100) Mean (household) 67.8 67.9 67.1 0.05
Self-reported health Very good 49.7% 49.2% 53.% 0.08
status
Good 35.0% 35.2% 33.6% 0.03
Fair 11.5% 11.7% 9.7% 0.06
Poor 3.1% 3.1% 2.8% 0.02
Very poor 0.7% 0.7% 0.8% 0.01
Long-term health prob- Daily activities not limited 86.1% 85.6% 89.4% 0.11
lem or disability Daily activities limited a little 5.6% 5.8% 4.6% 0.05
Daily activities limited a lot 8.3% 8.7% 5.9% 0.10

Study population consists of usual residents in England and Wales in 2011 who were still alive on 2 March 2020, down weighted to account for emigration
over this period. Summary statistics calculated on all individuals who died and a 1% random sample of those who did not die, weighted to represent the full study
population. Cohen’s d is a measure of effect size between the White and non-White populations. Values of d=0.2, d=0.5 and d =0.8 are indicative of ‘small’,

‘medium’ and ‘large’ effect sizes, respectively.”!

Results obtained using shorter and longer lag durations
for capturing post-lockdown deaths (14 and 28 days in-
stead of 21 days) were similar to those in the main analysis,
although less precisely estimated (see Supplementary
Figures S3 and S4, available as Supplementary data at IJE
online).

Discussion
Principal findings

Firstly, using population-level data we observed a substan-
tially elevated risk of COVID-19 related death among
ethnic-minority groups. Secondly, this elevated risk was
largely attenuated by location, living circumstances, socio-

economic factors, occupational exposure and self-reported
health status. Thirdly, differences in COVID-19-mortality
rates between ethnic groups were considerably reduced fol-
lowing the introduction of lockdown measures in the UK.

Comparison with related studies

Our finding that ethnic-minority groups were at greater
risk of COVID-19 related death compared with the White
population is broadly consistent with other UK-based re-
search published to date. An analysis of laboratory con-
firmed cases of COVID-19 in England found that some,
but not all, ethnic-minority groups were at greater risk of

death after adjusting for demographics and deprivation,
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Figure 1 Hazard ratios for COVID-19 related death for ethnic-minority groups compared with the White population, stratified by sex. Results obtained
from Cox-regression models adjusted for age, population density, area and household deprivation, socio-economic status (SES), household compo-
sition, occupational exposure, self-reported health, with baseline hazards specific to local-authority district (LAD). Error bars represent limits of 95%
confidence intervals of the hazard ratio. Details of the covariates can be found in Table 1. Numerical results can be found in Supplementary Tables 3

and 4, available as Supplementary data at /JE online.

with Black and Asian groups having the greatest mortality
rates.'> However, the tested sample is unlikely to be repre-
sentative of the general population. A retrospective study
of electronic primary-care records covering ~40% of
patients in England found elevated COVID-19-mortality
risk for Black and South Asian individuals after controlling
for deprivation and clinical risk factors.® Despite its rela-
tively large size and richness of clinical information, the
study data set does not include socio-economic covariates
other than deprivation.

Studies based on COVID-19-surveillance data suggest
that Black and South Asian individuals were more likely
than White British people to test positive for COVID-19
after controlling for demographic, socio-economic, behav-
ioural and health-related covariates.”>** These findings
shed some light on our own results, as observed inequality
in the risk of dying with COVID-19 may partly be a result
of heterogeneity in the risk of infection (but also differen-
ces in prognosis). Studies examining differences in

outcomes among hospitalized patients found that patients
from ethnic-minority groups were more likely to be admit-

':2% and had higher in-hospital-

ted to critical care
mortality rates among COVID-19 cases in England."!

Whereas our study data did not allow us to decompose
ethnic differences in mortality risk into differences in infec-
tion and differences in prognosis, most of the factors we
adjusted for in our models were expected to be associated
with COVID-19 mortality through infection. We found
that a large proportion of the elevated mortality risk
among ethnic-minority groups could be explained by these
infection-related factors, particularly the geographical
ones. This hypothesis is corroborated by results from the
national COVID-19 Infection Survey,” which indicate
that ethnic-minority groups are more likely than the White
population to test positive for COVID-19 (though the esti-
mates are subject to a high degree of uncertainty).

Beyond the UK, a systematic review of global literature
on the association between ethnicity and COVID-19
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Figure 2 Fully adjusted hazard ratios for COVID-19-related death for ethnic-minority groups compared with the White population, before and after
lockdown plus 21days, stratified by sex. Results obtained from a Cox-regression model adjusted for age, population density, deprivation, SES,
household composition, occupational exposure, self-reported health, with baseline hazards specific to LAD. Errors bars represent limits of 95% confi-
dence intervals of the hazard ratio. Estimates for each ethnic group are stratified by a time variable indicating pre- and post-lockdown periods.

infection and outcomes concluded that BAME individuals
were likely to be at elevated risk.'* However, published ev-
idence available at the time of the review was found to be
limited, with much of the emerging data originating from
grey literature and preprint articles. Whilst there is evi-
dence that lockdown measures reduced infection,>® little is
known on whether these measures affected ethnic groups
differently.

Potential mechanisms

We found that area of residence and population density
accounted for over half of the excess hazard of COVID-19
mortality across all ethnic-minority groups. These groups are
concentrated in large urban areas in the UK, which have been
more severely affected by the COVID-19 pandemic in terms of
both infection?” and mortality rates.”

The elevated risk of COVID-19 mortality for ethnic-
minority groups compared with the White population
including  socio-economic

were also attenuated by

variables in our models. The existence of a social gradient
in health status and life expectancy is long-established*®
and recent official data have shown that White individuals
in England are less likely to live in deprived neighbour-
hoods than non-White individuals.*’

The residual differences in COVID-19-mortality risk
between ethnic groups may in part be due to unobserved
factors, including pre-existing conditions and other clinical
risk factors not fully captured by self-reported health sta-
tus. People from Black and Asian backgrounds tend to
have a higher prevalence of obesity and associated condi-
tions of diabetes, hypertension and cardiovascular disease
compared with the White population.®® These conditions
are known risk factors for adverse COVID-19 outcomes
and could mediate the observed differences in mortality
rates between ethnic groups; however, they may also be
partly attributable to the same socio-economic inequalities
already captured in our models.

Socio-economic inequality is a complex, multifaceted,
partly ecological concept. The statistical measures of socio-
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economic status and deprivation included in our models
are unlikely to capture fully this conceptual complexity,!
nor the fact that disadvantage accumulated over the life
course may be partly responsible for observed health
inequalities.*” Given these measurement issues, we cannot
rule out the possibility of structural socio-economic factors
explaining more of the heterogeneity in outcomes than esti-
mated in our study, rather than the unexplained variation
necessarily being attributable to other influences.

On 23 March 2020, the UK government announced a
series of lockdown restrictions aimed at reducing the
spread of COVID-19, such as requiring people to stay at
home, closing all shops selling non-essential goods, and
stopping all social events and gatherings. Other measures
had also been introduced in the UK prior to this, such as
mass homeworking; national school closures; the closure
of most cafes, bars and restaurants; the cancellation of
sporting and cultural events; and government advice to
avoid non-essential international travel. We found the
presence of lockdown measures to be associated with a re-
duction in the differences in COVID-19-mortality rates be-
tween ethnic groups. Widespread lockdown restrictions
may have levelled infection rates between ethnic groups,
by reducing COVID-19
throughout all parts of society.

exposure and transmission

Strengths and limitations

The primary strength of our study lies in the use of a
unique, newly linked population-level data set based on
the 2011 Census, comprising millions of observations and
a broad range of demographic, socio-economic, household,
occupational and health variables. To our knowledge, our
study is the first to demonstrate an association between
COVID-19 lockdown measures and ethnicity-specific
mortality.

The main limitation of our study data set is the 9-year
lag between census day and the start of the pandemic. The
covariates included in our models reflect the situations of
individuals as they were in 2011, not necessarily those at
the start of the COVID-19 pandemic. In addition, the
study population did not include people who immigrated
or were born between 2011 and 2020, and therefore did
not fully represent the population at risk. We found the
ethnicity distribution in our study population to be similar
to an estimate of that for the current population of
England and Wales obtained from the 2019 Annual
Population Survey (APS),** whereas our study population
was on average older than that derived from the APS,
which is likely to result from not including post-2011
immigrants (who tend to be younger than the population
further details, see

average) in our study; for

Supplementary Table 6 and Supplementary Figure 3, avail-
able as Supplementary data at IJE online.

Although we found that differences in COVID-19-
mortality rates between ethnic groups were considerably
reduced following lockdown, we cannot rule out that this
reduction was at least partly attributable to other factors,
such as the growing awareness of ethnic disparities in mor-
tality risk causing people in ethnic-minority groups to
shield themselves from possible infection. Furthermore, the
increase in ASMRs between the pre- and post-lockdown
periods that we observed for the White population may be
partly due to deaths in care homes peaking later than
throughout the rest of the community (see Supplementary
Figure 6, available as Supplementary data at IJE online);
the White population is older on average than are other
ethnic groups and is therefore more likely to live in care
settings.

The outcome variable may be subject to measurement
error, as not all COVID-19-related deaths may have been
captured on death certificates; conversely, not all deaths
for which COVID-19 was mentioned on the death certifi-
cate may necessarily have involved the disease (in the ab-
sence of a test result, medical practitioners were advised to
apply clinical judgement to decide whether COVID-19 was
suspected to have contributed to the death). Moreover, we
cannot rule out the possibility of differential rates of mis-
classification of COVID-19-related mortality between eth-
nic groups, e.g. if certain ethnic groups were more or less
likely than others to be tested for the presence of the dis-
ease prior to death.

Conclusion

Whilst inequality in COVID-19 mortality between ethnic
groups was appreciably accounted for by geographical and
measured socio-demographic factors, some residual differ-
ences in risk remained, particularly for males and during
the pre-lockdown period. Further research is urgently
needed to understand the causal mechanisms underpinning
the observed differences in COVID-19-mortality risk be-
tween ethnic groups.

Lockdown measures were associated with substantial
reductions in excess mortality risk in ethnic-minority popu-
lations, possibly due to behavioural change throughout so-
ciety and shielding from the virus among the most
vulnerable. This finding has major implications in the
event of a second wave of infection or local spikes in inci-
dence, namely that placing restrictions on freedom of
movement and activity may be seen as a ‘leveller’ in terms
of COVID-19-mortality rates between ethnic groups.
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