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ABSTRACT
Minority ethnic groups have been disproportionately
affected by the COVID-19 pandemic. While the exact
reasons for this remain unclear, they are likely due
to a complex interplay of factors rather than a single
cause. Reducing these inequalities requires a greater
understanding of the causes. Research to date,
however, has been hampered by a lack of theoretical
understanding of the meaning of ’ethnicity’ (or race)
and the potential pathways leading to inequalities. In
particular, quantitative analyses have often adjusted
away the pathways through which inequalities actually
arise (ie, mediators for the effect of interest), leading to
the effects of social processes, and particularly structural
racism, becoming hidden. In this paper, we describe a
framework for understanding the pathways that have
generated ethnic (and racial) inequalities in COVID-19.
We suggest that differences in health outcomes due
to the pandemic could arise through six pathways:
(1) differential exposure to the virus; (2) differential
vulnerability to infection/disease; (3) differential
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health consequences of the disease; (4) differential
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dimensions of ethnicity and an appreciation of the
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complex interplay of social and biological pathways
through which ethnic inequalities arise. Our framework
highlights the gaps in the current evidence and pathways
that need further investigation in research that aims to
address these inequalities.
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Minority ethnic groups have been disproportionately affected by the COVID-19 pandemic, with
the clearest evidence from the UK and the USA.1–4
While the exact reasons for this remain unclear, they
are likely due to a complex interplay of a number
of factors rather than a single cause. Reducing
these inequalities requires a greater understanding
of the causes. Research to date, however, has been
hampered by a lack of theoretical understanding of
the meaning of ‘ethnicity’ or the potential pathways
leading to ethnic inequalities.

,6

In this paper, we describe a framework for understanding the pathways that have generated ethnic
inequalities in COVID-19—to our knowledge, the
first of its kind. Current research provides only
a partial understanding of some of these pathways. Future research and action will require a
clearer understanding of the complex dimensions
of ethnicity and an appreciation of the complex
interplay of social and biological pathways through
which ethnic inequalities arise. Our framework
highlights the gaps in the current evidence and
pathways that need further investigation in research
that aims to address these inequalities.

UNDERSTANDING ETHNICITY

Ethnicity is socially constructed.5 It can be defined
as a ‘social group a person belongs to, and either
identifies with or is identified with by others,
as a result of a mix of cultural and other factors
including language, diet, religion, ancestry, and
physical features traditionally associated with race’.6
Ethnicity is therefore a complex concept which
includes multiple dimensions including country of
birth, language, religion and culture. Although it
is socially constructed, it may be associated with
biological attributes such as skin colour, that influence the unequal treatment of people within racist
societies. The act of categorising people into ethnic
groups is a social process, influenced by particular
social, cultural and historical contexts. For this
reason, ethnic categories differ across the world,
with the same term often referring to different
groups of people—for example, the term ‘Asian’ is
often understood as referring mainly to East Asian
people in the USA whereas in the UK the same term
is typically interpreted as including people from the
Indian subcontinent.5
In this paper, we therefore use the term ethnicity
throughout but include the concept of race
within this term (as defined above) and consider
racial inequalities as core to ethnic inequalities.
This reflects a tradition in the UK of focusing on
ethnic inequalities in health, but we acknowledge
inter-related dimensions on inequality are often
given greater emphasis in different countries. For
example, in the USA the term race is more widely
used, with the socially constructed nature of racial
categories also explicitly acknowledged by public
health researchers.7 Similarly, in many European
countries outside of the UK the health of migrants
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(classified on the basis of country of birth) has often been the
focus of research, rather than minority ethnic groups—at least
in part due to a lack of data collection on ethnicity. While we
use terminology related to ethnicity throughout the remainder
of the paper, we believe our framework and the arguments
expressed broadly apply to inequalities related to migrant status
and similar related inequalities. The use of ethnicity also allows
us to include inequalities experienced within broader racial
groups—for example, by white traveller and gypsy communities
across Europe.8 We also note that ethnic groups that experience
disadvantage can be numerical majorities in some countries and
our use of the term minority ethnic also refers to relative power
within society.9
While not all minority ethnic groups in all countries experience worse health than the majority ethnic group,10 differences
in health across ethnic groups, in terms of both morbidity and
mortality, have been repeatedly documented in the UK and other
countries.11 It is important to note that the health and related
experiences of minority ethnic groups are not homogenous, with
different patterns seen depending on which health outcomes are
studied.5 While understanding by current researchers has largely
moved on from racist scientific thinking of the 19th century that
narrowly viewed these differences through a biological lens,7
this is not universally the case.12 The multiple dimensions of
ethnicity influence health through their interaction with wider
social processes. In the past, social disadvantage, and particularly
experiences of racism, have been downplayed as explanations
for these differences. However, there is now increasing recognition of the role of structural racism. Processes of racialisation are
contingent on socio-historical context, such that some groups
may be more or less racialised at different times. For example,
white Irish people living in the UK were subject to substantial
and overt racism in the early 20th century, with other racial
groups (such as white Eastern European and travelling community groups) being more targeted at the end of the century.13
Structural racism has been defined as ‘the macrolevel systems,
social forces, institutions, ideologies, and processes that interact
with one another to generate and reinforce inequities among
racial and ethnic groups’.14 The term draws attention to the way
these ethnic inequalities arise not only from the intended actions
of individuals, but rather from broader societal mechanisms.
For example, historical experiences of minority ethnic groups
and long-term discrimination may lead to a higher proportion
working in lower paid jobs on insecure contracts without sickness benefits and in public-facing occupations, living in crowded
housing conditions, and having fewer resources for health
(eg, education, income).15 These factors are likely to increase
psychosocial stress, mental health problems and harmful health
behaviours (eg, smoking, poor diet and physical inactivity).
There is also a wealth of evidence documenting inequalities
faced by minority ethnic groups in accessing quality healthcare.5 Healthcare planning may not take into account different
experiences, perceptions and expectations of ethnic minorities,
and therefore health services may not meet the needs of some
ethnic groups—further widening inequalities.5 Reported experiences of racial discrimination are also associated with poorer
health.16 This includes both interpersonal racism (which refers
to discriminatory actions between individuals) and institutional racism (when discriminatory policies and practices are
embedded in organisations). While ethnic inequalities in health
are often linked to socioeconomic differences, they are not
entirely explained by these factors due to the experiences of
discrimination and intersecting inequalities within and across
social groups.
2

Studies of ethnic differences in health have not paid sufficient
attention to the social processes that give rise to these inequalities. Often studies include ‘ethnic group’ as one of many variables
in regression models ‘controlling or adjusting’ for clinical, social
and economic factors that are in fact important explanations
of ethnic inequalities. This process has resulted in researchers
sometimes erroneously concluding that ethnic inequalities do not
exist (eg, see Yehia and colleagues17). Adjusting away the pathways through which inequalities actually arise (ie, mediators) can
lead to the effects of social processes, and particularly structural
racism, becoming hidden. This ‘black box epidemiology’, which
has been often used in recent studies of ethnic inequalities in
COVID-19,18 has been rightly criticised for ignoring the theory
underpinning analyses.19 More theory-informed analyses can
help yield more informative insights.

FRAMEWORK TO UNDERSTAND ETHNIC INEQUALITIES IN
THE HEALTH IMPACTS OF THE PANDEMIC

To inform analyses of ethnic inequalities in the health impacts
of the COVID-19 crisis, we present a framework of the potential mechanisms and pathways that could contribute to health
differences between ethnic groups (figure 1). We build on a wellestablished framework for studying health inequalities20 21 which
distinguished the individual proximate causes of disease from
their societal causes and highlighted the potential importance
of differential exposure to causes of disease, differential vulnerability to their effects and differential consequences of disease.
In our model, we suggest that differences in health outcomes
due to COVID-19 could occur at multiple stages: from exposure
to the virus, development of disease, and through the indirect
impacts of control measures and management of an individual
with COVID-19. At each step, ethnic inequalities could develop
through social and economic mechanisms which have biological
effects. A comprehensive understanding of these pathways will
help identify targets for policy interventions, as well as future
research. We provide a brief introduction to each element of
the framework, drawing on relevant studies to illustrate how it
might be relevant to ethnic inequalities in health arising from
the pandemic. We note that we have not conducted a systematic assessment of the evidence base in relation to each of these
pathways and we therefore provide these studies for illustrative
purposes only.

Differential exposure

Minority ethnic groups could experience greater exposure to the
virus and therefore higher risk of infection, which could relate
to the frequency of contact or the potential infective dose of
each contact. For example, working in specific occupations (eg,
health and social care workers, transport workers) or living in
overcrowded housing could lead to being in contact with potentially infected persons more frequently and for a longer duration
potentially leading to a higher viral load.22 23 Recent findings
from a representative English infection survey found evidence
that all minority ethnic groups studied were more likely to
have serological evidence of previous SARS-CoV-2 infection
compared with the majority white British population.24

Differential vulnerability to infection/disease

Minority ethnic groups could be more likely to develop disease
once exposed. This could result from differences in nutritional
status, comorbidities and immune response, which themselves
could be driven by stress or environmental conditions, such as
air pollution. There is considerable evidence that incidence of
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Figure 1 A framework for understanding pathways underpinning ethnic inequalities in COVID-19 and potential targets for policy.

clinically important disease (reflected by positive symptomatic
tests or hospitalisations) are higher in many minority ethnic
groups.2 18 However, it is not clear if this merely reflects greater
exposure or differences in vulnerability to developing disease. To
differentiate vulnerability to the disease from greater exposure,
analysis would need to compare ethnic differences in the risk
of reporting symptomatic disease among both symptomatic and
asymptomatically infected people.

Differential disease consequences

Of those with disease, some minority ethnic groups may be
more likely to develop severe disease, require mechanical ventilation, experience complications and potentially die. This could,
for example, be due to differences in underlying comorbidities
or differential access to healthcare between ethnic groups.23 A
large cohort study of nearly 35 000 UK hospitalisations found
a 30% increased relative risk of critical care admission and

mechanical ventilation among people from South Asian, black
or minority ethnic groups and this relationship was still present
after adjusting for age and sex.25 After accounting for some
potential explanations of this increased risk (such as comorbidities like diabetes), minority ethnic groups were still more likely
to require critical care and mechanical ventilation than white
groups. Different ethnic groups may be at risk of longer term
health consequences, such as greater risks of ‘long COVID-19’
(also referred to as post-COVID-19 syndrome),26 but evidence is
currently limited.

Differential social consequences

Minority ethnic groups may also experience differential social
consequences following recovery from COVID-19 disease.
COVID-19 disease may lead to long-lasting disability that
results in job loss and future loss of earnings due to poor health.
One important reason for a potential disproportionate impact
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on minority ethnic groups is the often higher levels of insecure employment (such as self-employment or being on ‘zero
hours’ contracts) that were already experienced prepandemic.
Contracting COVID-19 disease, and especially ‘long COVID19’, could lead to minority ethnic people being more likely to
experience job loss and poverty. However, empirical data remain
relatively scarce on the social consequences of the disease26 and
further research is required to address this gap.

Differential effectiveness of control measures

Public health interventions designed to control the pandemic
may also, in themselves generate ethnic health inequalities, as
their impact on risk of exposure, vulnerability and consequences
(pathways 1–4) may be different for some ethnic groups, sometimes also referred to as intervention-generated inequalities.27
We believe conceptualising of the differential effectiveness of
control measures as a distinct pathway is important given the
necessity of understanding the impacts of public health actions.
These unintended intervention-generated inequalities may
operate through changing the risk across the other four pathways. For example, health communications which have not been
culturally adapted to their target audiences may be less effective
in some groups.28 Control measures that are inequitably implemented could mean that people in the same occupation experience different exposure risks. There is evidence to suggest that
minority ethnic healthcare workers were less likely to be able to
access personal protective equipment.29 In contrast, lockdown
measures appeared to reduce COVID-19 mortality more among
some minority ethnic groups than the majority population.30
The availability of effective vaccines is hugely welcome but
could further exacerbate ethnic inequalities. For example, some
minority ethnic groups (such as black and Pakistani/Bangladeshi ethnic groups) have higher levels of vaccine hesitancy in
the UK.31 Importantly, differences in vaccine hesitancy reflect
broader societal processes, such as the dominant communication
strategies used in vaccination programmes and understandable
concerns arising from longstanding experiences of discrimination (such as the Windrush scandal which led to the illegal
deportation of black British citizens).

Differential adverse consequences of control measures

Social and economic impacts of pandemic control measures (such
as loss of income) may also disproportionately affect disadvantaged groups more and these impacts may affect non-COVID-19
health outcomes.32 Evidence already suggests that some minority
ethnic groups have disproportionately experienced unemployment during the initial lockdown period and a greater increase in
psychological distress, exacerbating existing ethnic inequalities
in mental health.33 34
All of these six pathways arise from the wider social and
political context that drive ethnic and other social inequalities, including structural racism and other power imbalances
across society. Furthermore, multiple risks can affect multiple
pathways—for example, poor working conditions might affect
both the potential for differential exposure and experiencing
differential consequences of control measures. Despite this, an
understanding of the pathways driving ethnic inequalities can
help identify policy targets.

CONCLUSIONS

The COVID-19 pandemic has highlighted existing health
inequalities among ethnic minority groups and exacerbated them. This has led to an increase in research studies to
4

understand ethnic inequalities in health, but many research
studies are based on a constrained and limited understanding
of ethnicity and the potential pathways generating differences
in health between ethnic groups. Ethnicity is a complex, multidimensional social construct and health differences between
some ethnic groups largely reflect social pathways, embedded
within the unequal power relationships that propagate inequalities. It is inappropriate for researchers to investigate ethnic
groupings like biomarker or biomedical variables in naïve multivariable analysis that is not theoretically informed. In particular,
overadjustment for mediating variables can lead to misleading
interpretations, provide little insight to inform policy and practice and may ultimately have harmful real-world consequences.35
The unequal impacts of the pandemic can be mitigated, through
more comprehensive and evidence informed action at each of
the pathways we outlined above. This requires research that
elucidates how specific dimensions of ethnicity differentially
affect the mechanisms of differential exposure, vulnerability and
consequences, identifying the most effective policy entry points
to reduce ethnic inequalities in health. Our framework is a first
step towards encouraging clearer thinking on ethnic inequalities in COVID-19 and we welcome feedback, anticipating that
refinements will be needed over time.

What is already known on this topic
Minority ethnic populations have experienced
disproportionate harms during the COVID-19 pandemic.
Considerable research is ongoing to understand the reasons
for the greater risks being experienced, but a lack of
theoretical underpinning for epidemiological analyses is often
leading researchers to make erroneous conclusions.
What this study adds
We present a framework for understanding the drivers of
ethnic inequalities in COVID-19 harms, highlighting the
multitude of mechanisms through which structural racism
and power imbalances operate.
Applying a theoretical framework can help policymakers and
researchers develop more valid conclusions and ultimately
better inform public health policies to mitigate adverse
consequences of the pandemic on ethnic inequalities in
health.
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ABSTRACT
Introduction Recent evidence suggests that ethnic
minority groups are disproportionately at increased risk
of hospitalisation and death from SARS-CoV-2 infection.
Population-based evidence on potential explanatory factors
across minority groups and within subgroups is lacking.
This study aims to quantify the association between
ethnicity and the risk of hospitalisation and mortality due
to COVID-19.
Methods and analysis This is a retrospective cohort
study of adults registered across a representative and
anonymised national primary care database (QResearch)
that includes data on 10 million people in England.
Sociodemographic, deprivation, clinical and domicile
characteristics will be summarised and compared across
ethnic subgroups (categorised as per 2011 census). Cox
models will be used to calculate HR for hospitalisation
and COVID-19 mortality associated with ethnic group.
Potential confounding and explanatory factors (such as
demographic, socioeconomic and clinical) will be adjusted
for within regression models. The percentage contribution
of distinct risk factor classes to the excess risks seen in
ethnic groups/subgroups will be calculated.
Ethics and dissemination The study has undergone
ethics review in accordance with the QResearch
agreement (reference OX102). Findings will be
disseminated through peer-reviewed manuscripts,
presentations at scientific meetings and conferences with
national and international stakeholders.

INTRODUCTION
Recent reports and early observational data
suggest that the prevalence of COVID-19,
hospitalisation and deaths are disproportionately higher among ethnic minority
populations.1–3 Potential speculative mechanisms include genetic variations, comorbidities, cultural or behavioural patterns,
occupational factors, social constructs and
inequalities. In the UK, people with ethnic
minority backgrounds constitute 16% of
the population, but the Intensive Care
National Audit and Research Centre reports
that over 30% of people admitted to intensive care with COVID-19 were from these

,3

Strengths and limitations of this study
The QResearch database includes a large sample
that represents 18% of the English population.
As data are based on primary care clinical entries,
recording of exposures and outcomes may vary in
completeness.
Total COVID-19 cases in the cohort will be underestimated as national systematic testing is still being
established in the UK.

backgrounds.4 5 Furthermore, 64% of 119
National Health Service (NHS) staff who died
from COVID-19 as of 30 April 2020 were from
ethnic minority backgrounds.6 A rapid review
on the subject led by Khunti et al suggests that
there are also variations in mortality within
broad ethnic minority groups.3 Most national
and international data on COVID-19 are
aggregated and have not reported outcome
by ethnic group sufficiently to permit examination of within-group differences.
At the time of submitting this manuscript, a limited number of populationbased cohort studies regarding COVID-19
have been undertaken worldwide. In the
USA, a study within the largest healthcare
system, the Veterans Health Administration, reports excess mortality among ethnic
minorities.7 In the UK, the availability of
high-quality, large (multimillion) databases
that have linkage across varying information
sources are starting to examine this association further. Large primary care databases
have been used, for example, to develop risk
prediction models for adverse COVID-19
outcomes in the general population and to
undertake large-scale epidemiological evaluations of COVID-19 risk factors and drug
safety.8 In the UK, two large cohorts have
reported to date on the association between
ethnicity and COVID-19-related mortality
outcomes: the OpenSAFELY Collaborative of
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Quantifying the association between
ethnicity and COVID-19 mortality: a
national cohort study protocol
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METHODS
Study design
This is a retrospective cohort study from electronic
general practice (GP) records linked at the individual
level to hospital admissions, SARS-CoV-2 testing and
death registry databases.
Data sources
We will use the QResearch national primary care database, which includes 1205 GPs with 10 million records.
The sample represents 18% of the English population. QResearch holds data on a heterogeneous and
2

representative ethnic minority population, with comprehensive information on a range of clinical and socioeconomic factors. Further details on the population included
within the QResearch database and representative are
updated regularly on the database website.14 Additional
databases may be included as these become available.
Study period
We will include the period from the date of the first case
of COVID-19 in the UK (24 January 2020) until death,
deregistration or 30 October 2020.
Inclusion criteria
We will include all adults aged over 18 years registered
with a GP practice during the study period and for at least
12 months prior to inclusion. The GP practice registration needs to be linked to a relevant clinical system (ie,
EMIS).
Primary outcome
The primary outcome will be COVID-19-related mortality
as recorded in the primary care records and linked
to ONS data. Details on the extent of linkage available
within the database have been reported previously and
can be found in full on the QResearch website.15 COVID19-related mortality will be defined as the presence of
U07.1 or U07.2 on death certificates or death from any
cause in a patient with a confirmed positive SARS-CoV-2
test in the immediately preceding 28 days.
Secondary outcomes
COVID-19 hospitalisation was defined as hospitalisation
with confirmed or suspected COVID-19 (as per International Classification of Diseases-10 codes), or new hospitalisation in a patient with a positive SARS-CoV-2 test in
the immediately preceding 14 days.
Ethnicity definition
A self-reported ethnic group is recorded in medical
records. QResearch has ethnicity records in 80% of all
patients. Ethnicity will be considered in two ways: first
in 9 high-level categories: white, Indian, Bangladeshi,
Pakistani, other Asian, black African, black Caribbean,
Chinese and ‘Other’; and then, if numbers allow, further
subdivided into the standard 17 categories used by ONS
and include the following: English/Welsh/Scottish/
Northern Irish/British, Irish, Gypsy or Irish Traveller,
any other white background, white and black Caribbean,
white and black African, white and Asian, any other
mixed/multiple ethnic backgrounds, Indian, Pakistani,
Bangladeshi, Chinese, any other Asian background,
African, Caribbean, any other black/African/Caribbean
background, Arab or any other ethnic group.
Explanatory variables
We will extract data (where available) corresponding to
the following potential exposure and confounding variables. The following list is indicative and correct as of 29
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23 million UK records and the NHS England cohort study
of over 61 million people. The OpenSAFELY consortium
reported that people with black or Asian backgrounds
have a higher risk of death from COVID-19 compared
with people who are white.9 Data from NHS England
also showed a greater mortality risk for Asian (HR 1.3)
and black (HR 1.7) backgrounds. Further analysis of
these data, carried out by the Office for National Statistics (ONS), showed that the mortality risk in black men
and women was 1.9 times higher than in white individuals. Contradictory to a previous study in a smaller, singlestate US health system database, both studies identify a
persisting excess risk of COVID-19-specific mortality after
accounting for known risk factors, including age, sex,
deprivation and comorbidities such as obesity, diabetes
and cardiovascular disease. The causes of these excess
risks are poorly understood, incompletely quantified and
may vary within and between ethnic minority groups.
Previous studies have been limited by the lack of consideration of additional potential explanatory variables,
such as specific medications, rarer comorbidities,10 social
differences such as household structure, or vaccination
status.9 A recent population-based study, for example,
identified a significant interaction between ethnicity and
ACE inhibitors/angiotensin receptor blockers for COVID19.11 Several smaller studies have also suggested a role of
glucose-lowering medications in the ethnicity-dependent
variations observed in COVID-19 outcomes.12 13 Singlecentre studies and case series are providing additional
insights into the potential interaction between ethnicity
and haematological disorders, such as sickle cell disease,10
in relation to COVID-19. Population-based studies with
adequate number of people from different ethnic groups
that consider these wider variables are necessary to evaluate the explanatory factors surrounding this risk. Moreover, earlier studies have been limited, and larger cohorts
that extend to the wider English population are needed
for validation and to allow generalisability of findings.
Accordingly, in this study we aim to quantify ethnic groupspecific risk of SARS-CoV-2 infection, COVID-19 mortality
and COVID-19 hospital admission, and examine the
effect of non-modifiable (eg, age and sex) and explanatory factors on the associations between ethnicity and
mortality/hospitalisation risk.

Open access
August 2020, but will be kept under review as new information arises in the literature:

Concurrent medication
Glucose-lowering medications (metformin, sulfonylureas, thiazolidinedione, SGLT-2 inhibitors, DPP-4
inhibitors, GLP-1R agonists) and insulin therapy.
Hormone therapy (in women).
Clinical/blood test assessments
Body mass index.
Blood pressure (systolic and diastolic).
Haemoglobin A1c.
Total cholesterol and low-density lipoprotein.
Liver
function
tests,
including
alanine
aminotransferase.
Estimated glomerular filtration rate.
Comorbidities
Sickle cell status.10
– Sickle trait.
– Sickle cell disease.
Diabetes (type 1 and type 2 separately).13 16
– Diabetes duration.
Chronic kidney disease (CKD).
– CKD stage 3.
– CKD stage 4.
– CKD stage 5 (including those requiring dialysis or
ever receiving a transplant).
Cancer.
– Active or past haematological or solid cancer.
Transplant (solid organ or bone marrow).
Vaccination status.
Key confounding variables
Demographic variables
Quintile of Townsend Deprivation Score: this is an
area-level quintile score based on the patient’s postcode. Originally developed by Townsend, it includes
unemployment (as a percentage of those aged 16 and
over who are economically active); non-car ownership
(as a percentage of all households); non-home ownership (as a percentage of all households); and household overcrowding. These variables are measured for
a given area of approximately 120 households, via
the 2011 census, and combined to give a ‘Townsend
score’ for that area. A higher Townsend score implies
a greater level of deprivation.
Residence type.
– Lives in a care home (nursing home or residential
care).
– Homelessness.

Lifestyle factors
Smoking status coded as non-smoker, ex-smoker, light
(<10 cigarettes/day), moderate (10–19) and heavy
(20+).
Comorbidities
Cardiovascular disease.
Hypertension.
Chronic respiratory disease.
Liver cirrhosis.
Depression.
Dementia.
Other chronic neurological diseases.
Severe mental health illness.
Learning disability.
Concurrent medication
Lipid-lowering medications.
Antihypertensive medications.
All predictor variables will be based on the latest coded
information recorded in the GP record prior to entry to
the cohort.
Sample size calculation
As of 9 August 2020, there had been 41 686 COVID-19
deaths in England out of a total population of 56 million.
Assuming a 0.074% mortality rate in the general population, to detect a conservative estimate of an HR of 1.2
for COVID-19 mortality in the ethnic minority population
that represents 18.6% of the study population (based on
recent QResearch studies) with 90% power and a significance level of 0.01, we would need a sample size of 3
995 350 individuals with 2957 COVID-19 deaths. As recent
studies of COVID-19 using QResearch have included
cohorts of over 8 million adults with over 5000 COVID-19
deaths, even with 40% missing data, our study is sufficiently powered.
Statistical methods
Participant characteristics will be summarised by ethnicity,
age, sex, comorbidities and outcome with appropriate
summary statistics. We will describe SARS-CoV-2 infection,
COVID-19 hospitalisation and COVID-19 mortality rates
in the general population and stratify this by ethnicity.
Plots of survival curves stratified by ethnic group will be
generated using the Kaplan-Meier method and compared
with the log-rank test. We will use Cox proportional
hazards models to estimate unadjusted and adjusted HRs
for the associations between ethnicity and the outcomes of
interest. When proportional hazards assumptions are not
met, we will consider using more flexible models which
do not assume proportionality of hazards, for example,
flexible parametric survival models. Subsequently, we will
seek to quantify the contribution of risk factor groups to
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Demographic variables
Ethnicity (9 categories, and numbers permitting,
subdivision into 17 ONS groups).
Sex.
Age (continuous variable).
Geographical region.

Lives in own home.
Household characteristics.
– Age of household members.
– Number of household inhabitants.
–

Open access

Patient and public involvement
Patient representatives have been involved in the development of the study aims and design. We sought feedback from study inception and design from patients and
the public within the Centre for BME Health, Leicester.
We additionally have two public representatives as part of
the study team whose contributions have been acknowledged in the authorship list of this manuscript. They will
continue to be involved in all stages of the study, with
additional public and patient views sought for dissemination strategies.
Ethics and dissemination
The project has been independently peer-reviewed and
received ethics approval from the QResearch Scientific
Board (reference OX102). Findings will be disseminated
through peer-reviewed manuscripts, presentations at
scientific meetings and conferences with national and
international stakeholders.

DISCUSSION
Our findings aim to provide rapid evidence on the
patterns of COVID-19 and associated mortality across and
within ethnic groups in England. This study will be one of
the largest COVID-19 cohorts, with a representative population across both rural and urban areas. Our cohort size
will enable us to detect national-level variations within
ethnic minority subgroups across a large geographical
area and thus, to some extent, overcome selection bias
limitations of previous cohort studies. Our findings have
the potential to inform targeted mitigation public health
strategies and could alter clinical thresholds for at-risk
patients presenting with the infection.
As we are using routinely recorded clinical data from
primary care records rather than prospectively collecting
the data, we anticipate that our study will be subject to
limitations. First, the precision and completeness of
routine NHS patient records will vary, although previous
work from QResearch suggests that key variables have high
levels of accuracy and completeness. Second, our sample is
likely to underestimate the total number of people in the
population with COVID-19 due to the lack of systematic
national testing programmes, which are still being rolled
4

out, and also due to false-negative test results. There is also
some evidence that testing rates are lower among ethnic
minority groups. Our confirmed SARS-CoV-2 infection
cases will additionally over-represent people with more
severe disease who died or were hospitalised. During the
earlier part of the pandemic, testing in the UK was limited
to the hospital setting and people with COVID-19 who
were not admitted or recovered (who may be from ethnic
minority groups) are less likely to be captured in the data.
Further, the admission criteria for Intensive Care Units
varied during the course of the pandemic, with particular characteristics such as older age resulting in a lower
chance of admission at a time when high admission rates
were anticipated, which may introduce a selection bias.
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any observed increased mortality or hospitalisation risks
in people of non-white ethnicity. For all analyses, we will
conduct complete case analyses, and then separately
impute for missing values, for example, ethnic group,
body mass index, deprivation quintile and smoking status,
using five imputations incorporating all model outcomes
and predictors with model coefficients and SEs pooled in
accordance with Rubin’s rules. Data will be analysed using
STATA V.16. Our study will be conducted and findings
reported in line with the Strengthening the Reporting of
Observational Studies in Epidemiology17 and RECORD
guidelines for observational studies using routinely
collected health data.18
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Background: People from South Asian and black minority ethnic groups are disproportionately affected by the
COVID-19 pandemic. It is unknown whether deprivation mediates this excess ethnic risk. Methods: We used UK
Biobank with linked COVID-19 outcomes occurring between 16th March 2020 and 24th August 2020. A four-way
decomposition mediation analysis was used to model the extent to which the excess risk of testing positive, severe
disease and mortality for COVID-19 in South Asian and black individuals, relative to white individuals, would be
eliminated if levels of high material deprivation were reduced within the population. Results: We included 15 044
(53.0% women) South Asian and black and 392 786 (55.2% women) white individuals. There were 151 (1.0%)
positive tests, 91 (0.6%) severe cases and 31 (0.2%) deaths due to COVID-19 in South Asian and black individuals
compared with 1471 (0.4%), 895 (0.2%) and 313 (0.1%), respectively, in white individuals. Compared with white
individuals, the relative risk of testing positive for COVID-19, developing severe disease and COVID-19 mortality in
South Asian and black individuals were 2.73 (95% CI: 2.26, 3.19), 2.96 (2.31, 3.61) and 4.04 (2.54, 5.55), respectively.
A hypothetical intervention moving the 25% most deprived in the population out of deprivation was modelled to
eliminate between 40 and 50% of the excess risk of all COVID-19 outcomes in South Asian and black populations,
whereas moving the 50% most deprived out of deprivation would eliminate over 80% of the excess risk of COVID19 outcomes. Conclusions: The excess risk of COVID-19 outcomes in South Asian and black communities could be
substantially reduced with population level policies targeting material deprivation.

.........................................................................................................

Introduction
oronavirus disease-2019 (COVID-19) is an infectious disease

Ccaused by the SARS-CoV-2 virus. Mounting evidence suggests

that people from minority ethnic groups in the UK (predominantly
South Asian and black African or Caribbean populations) and elsewhere are disproportionately affected by COVID-19 with a higher
risk of infection, hospitalization and mortality.1–5 The reasons for
these ethnic disparities are unclear.
Material deprivation is a universal underpinning determinant of
health inequalities within and between populations.6,7 It has further
been suggested that factors linked to material deprivation may also
be important in understanding the excess risk of COVID-19
observed in minority ethnic communities.4 This hypothesis has
not been rigorously investigated. Several studies have reported that
the risk of COVID-19 outcomes in ethnic minorities is independent
of potential confounders including deprivation,8,9 while other studies have reported the opposite finding.10 A recent analysis of population level data from the UK concluded that the elevated risk of
COVID-19 mortality in South Asian and black populations was
largely explained by demographic and socio-economic factors closely linked to deprivation,3 with conclusions based on the degree of
attenuation with adjustment. However, these findings only provide
estimates of risk when markers of deprivation are held at a fixed
value; they do not quantify the degree to which the excess risk in

ethnic minority groups could be eliminated by reducing material
deprivation using formal mediation analysis frameworks.
We conducted a mediation analysis to model how much of the
excess risk in testing positive for COVID-19, developing severe disease or COVID-19 mortality in South Asian or black individuals
compared with white individuals would be eliminated if levels of
material deprivation were reduced.

Methods
We used UK Biobank, a large prospective cohort of middle-aged
adults designed to support health research focused on improving the
prevention, diagnosis and treatment of chronic diseases. Between
March 2006 and July 2010, individuals living within 25 miles of
one of the 22 study assessment centres located throughout UK,
Scotland and Wales were recruited and attended data collection.11
Ethical approval was obtained from the North West Centre for
Research Ethics Committee (Ref: 11/NW/0382); all participants provided informed consent.

Outcomes
UK Biobank data are linked to Public Health England’s Second
Generation Surveillance System for SARS-CoV-2 laboratory test
data collected throughout UK.12 Data were available for the period
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Exposure
Ethnicity was self-reported using a touch screen questionnaire. For
this analysis, those classifying themselves as white (British, Irish,
white or any other white background), South Asian (Asian or
Asian British: Indian, Pakistani or Bangladeshi) or black (black or
black British: Caribbean, African or any other black background)
were included. South Asian and black individuals (SAB) were analysed as a single ethnic minority group. This approach was subject to
a sensitivity analysis (details are reported in the statistical methods).
Other minority ethnic groups, including those reporting a mixed
ethnicity, were not included due to low numbers and evidence that
the risk of COVID-19 outcomes is highest for SAB individuals.2–4

Mediator
The mediator in this analysis was considered as material deprivation
status, measured by the Townsend score,13 a composite of four
domains: unemployment, non-car ownership, non-home ownership
and household overcrowding. Within UK Biobank, data for each
domain are taken from the UK Census (2001) that preceded the
start of recruitment (2006) with output at the postcode area level.
Each domain is given equal weighting. The resulting total score is
log transformed and standardized to the UK population. A higher
score represents greater deprivation. It has previously been shown
that the Townsend score at the area level correlates strongly with
measures of deprivation at the individual level.14

Selected confounders
Age, measured at 16 March 2020, and sex were included as covariates in this analysis due to lower age and proportion of women in
the SAB population within UK Biobank. Additional confounders
were not considered due to the mediation model and pathway
specified.
Specifically, mediation analyses assume that: (i) there is no exposure-outcome confounding; (ii) there is no mediator-outcome
confounding; (iii) there is no exposure-mediator confounding and
(iv) no mediator-outcome confounder is itself affected by the exposure. When ethnicity is set as the exposure, assumptions (i) and
(iii) hold a priori as only unmeasured historical or genetic factors are
true potential confounds of the construct of ethnicity. For assumption (ii), traditional confounders such as health behaviour or chronic disease are implausible confounders of deprivation and may
further violate assumption (iv) as both can be argued to be influenced by ethnicity.15,16 Implausibility of confounders for deprivation within the model follows from a hypothesis supported by
the literature that inequalities in health or health behaviours in
people living with high deprivation are, in the most part, the result
of high deprivation itself.17,18 The DAG shown in Supplementary
figure S2 illustrates this concept in detail.

Statistical analysis
Analysed outcomes were testing positive for COVID-19, developing
severe (inpatient) disease or COVID-19 mortality. The population
with each confirmed outcome was compared with the overall linked
population without the outcome, as previously described.19
To test the mediating effect of deprivation in the association of
ethnicity with COVID-19 outcomes, we used the four-way counterfactual approach proposed by Vanderweele,20 applied using regression models through the user-written med4way command in Stata,21
adjusted for age and sex. The counterfactual approach provides a
framework for determining the strength of the direct and indirect
pathways and their possible interactions through decomposing the
excess relative risk into four components, described as the controlled
direct effect (CDE), reference interaction (INTref), mediated interaction (INTmed) and the pure indirect effect (PIE). The counterfactual
notation for each output is displayed in Supplementary table S1, with
the underpinning mathematical formulae presented elsewhere.20
From a public health perspective, the INTref, INTmed and the PIE
can be summed to model the proportion of the excess risk in the
exposure that would be eliminated at a fixed level of the mediator.20,22 For this analysis, the mediator–material deprivation, was
included as a binary variable, categorised at the 75th percentile of
the Townsend score (value ¼ 0.4) defining the most deprived quarter of population. The outputs from the model can therefore be
interpreted as the degree to which the excess risk in SAB, compared
with white populations, would be eliminated following a hypothetical intervention where the most deprived within the UK Biobank
population were moved to below the 75th percentile of the
Townsend score.20,22 We repeated the analysis when defining deprivation status at the median value (Townsend Score ¼ #2.2).
A sensitivity analysis was also conducted for testing positively for
COVID-19 and severe disease when South Asian and black populations were considered separately; mortality analysis was not stratified due to the limited number of events. Results are reported with
95% CI unless reported otherwise.
The code for the analysis and to identify the population, main
exposure, mediator, covariates and outcomes are available on
GitHub (razieh93).

Results
Supplementary figure S1 shows the flow diagram of individuals
included for this analysis while table 1 reports the study characteristics. The analysis included 15 044 SAB ethnic minority and 392 786
white individuals. Subjects of SAB ethnic minorities had a median
(IQR) age of 62.1 (56.3, 69.5) years and were younger than white
individuals [68.8 (61.2, 74.0) years]. In total, there were 151 (1.0%)
positive tests, 91 (0.6%) severe cases and 31 (0.2%) deaths due to
COVID-19 cases in SAB individuals compared with 1471 (0.4%),
895 (0.2%) and 313 (0.1%), respectively, in white individuals.
Deprivation scores were higher in SAB individuals, with a median
(IQR) score of 1.4 (#1.2, 4.1) compared with #2.3 (#3.7, #0.2) for
white individuals. The distribution of deprivation within each ethnic
group is displayed in Supplementary figure S3.
Compared with white individuals, the age and sex-adjusted relative risk of testing positive for COVID-19, developing severe disease
and COVID-19 mortality in SAB individuals were 2.73 (95% CI:
2.26, 3.19), 2.96 (2.31, 3.61) and 4.04 (2.54, 5.55), respectively. The
results from the mediation analysis are displayed in Supplementary
table S2. The combined PIE, INTmed and INTref suggest that moving
the 25% most deprived in the population out of deprivation would
substantially reduce the relative risk in SAB compared with white
populations, eliminating between 40 and 50% of the excess risk for
all COVID-19 outcomes (figure 1; data in Supplementary table S2).
When modelling the impact of moving the 50% most deprived in
the population out of deprivation, over 80% of the excess risk in all
COVID-19 outcomes were eliminated, with SAB individuals no longer
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16th March 2020 to 24th August 2020 and included the outcome
(positive, negative) of the test, as well as whether the specimen was
collected within a hospital testing. For the purposes of this analysis,
we classified a positive test result from an in-hospital setting as
defining severe COVID-19 cases, as proposed through the linkage
method.12 Furthermore, we additionally investigated COVID-19
mortality and defined a COVID-19-related death as any death
with ICD-10 code U07.1 or U07.2 as the primary cause of death
on the death certificate using national mortality records through
NHS Digital. Death data were available up to 24 August 2020. As
linked testing data are only available for participants based in UK,
those from Wales and Scotland were not included in this analysis.
Those who died before the first COVID-19 testing sample date (16
March 2020) were also excluded. Supplementary figure S1 shows the
selection of participants.
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Table 1 Cohort characteristics

Age (years)
Women
Men
Deprivation (Townsend score)
Positive cases
Severe disease
COVID-19 mortality

White (n 5 392 786)

South Asian and Black (n 5 15 044)

Total (n 5 407 830)

68.8 (61.2, 74.0)
216 874 (55.2%)
175 912 (44.8%)
#2.3 (#3.7, 0.2)
1471 (0.4%)
895 (0.2%)
313 (0.1%)

62.1 (56.3, 69.5)
7978 (53.0%)
7066 (47.0%)
1.4 (#1.2, 4.1)
151 (1.0%)
91 (0.6%)
31 (0.2%)

68.6 (60.9, 73.9)
224 852 (55.1%)
182 978 (44.9%)
#2.2 (#3.7, 0.4)
1622 (0.4%)
986 (0.2%)
344 (0.1%)

Figure 1 Modelling showing the relative risk of COVID-19 outcomes in black and South Asian relative to white ethnicities and the degree to
which the risk is eliminated if the most deprived 25% or 50% in the population were moved out of deprivation. Data represent relative risk
compared with white ethnicities. Error bars represent the standard error. Dotted line represents the reference (white ethnicities) *P < 0.05

having a meaningfully higher risk (figure 1; data in Supplementary
table S2).
The proportion of the excess relative risk eliminated through
targeting deprivation was similar when South Asian and black populations were analysed separately (Supplementary figure S4).

Discussion
This analysis provides novel evidence suggesting that interventions
aimed at reducing material deprivation within the whole population
could act to substantially reduce ethnic inequalities in the risk of
COVID-19 outcomes. Specifically, a hypothetical intervention to
move the 25% most deprived out of material deprivation would
eliminate 40–50% of the relative excess risk for developing
COVID-19 outcomes in SAB populations compared with white
populations. A more extreme intervention to move the 50% most
deprived out of material deprivation would eliminate over 80% of
the excess risk. These findings suggest the central importance of
material deprivation in driving ethnic inequalities for COVID-19
outcomes.
To our knowledge, this is the first analysis to apply a counterfactual mediation model to the role that deprivation plays in the risk of
COVID-19 outcomes in SAB communities. Previously, studies have
used deprivation as a covariate in logistic regression models with
some concluding that the risk of COVID-19 outcomes are independent of deprivation.8,9 A larger population level analysis of UK
data suggested the opposite,3 concluding that adjusting for factors
linked to deprivation attenuated much of elevated risk of COVID-19
mortality in SAB individuals. These studies cannot be used to quantify the portion mediated by material deprivation or eliminated if
material deprivation was reduced.

Key strengths of this study are the application of Vanderweele’s fourway decomposition model to a large contemporary population linked to
COVID-19 outcomes, with the outputs designed to allow public health
inferences around mediation and elimination of risk in the exposure by
changing the mediator.20,22 There are also potential limitations that should
be highlighted. Although well defined, the Townsend score assesses material deprivation across four narrow domains at the postcode area level.
Material deprivation is a complex construct that is likely to be influenced
at the individual level by a wide range of factors beyond those assessed.
Therefore, the analysis will not capture the impact of material deprivation
in its entirety. The mediation analysis is also contingent on the model
assumptions, including the lack of adjustment for mediator-outcome confounders given that deprivation was postulated to be a stronger driver of
health and health behaviours than the other way around. It is also
acknowledged that rather being confounders, factors like chronic disease
and health behaviours could potentially act as additional mediators between ethnicity and COVID-19 outcomes, and thus more complex models
may be needed to examine whether a greater proportion of the excess risk
in SAB individuals could be explained through additional mediation pathways compared with that explained by material deprivation alone. The
observational design of this study means the findings from the mediation
analysis are subject to the usual caveats around causality; results should
therefore be interpreted as modelled values based on observational data
rather than supporting definite direct causal inferences. The UK Biobank
cohort has been noted to be healthier and more affluent than the national
average, with a lower proportion of SAB individuals23; however, relative
comparisons of associations within the cohort are still informative.24
Indeed, the relative risk in the ethnic minorities included in this analysis
were consistent with recently reported estimates from a larger population
level study,3 suggesting the excess relative risk examined as part of the
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Data availability
We use data from UK Biobank application number 36371 to support the case being made. All bona fide researchers can apply to use
UK Biobank for health-related research that is in the public interest.
Further information on the application process is available from UK
Biobank https://www.ukbiobank.ac.uk/register-apply/

Key points
• People from minority ethnic groups are at higher risk of COVID-19

hospitalization and death, compared with white individuals.
• It is currently unclear why these ethnic inequalities are present.
• Deprivation has been suggested as a possible factor that may

explain this increased risk.
• Reducing deprivation would eliminate much of the excess risk

of COVID-19 outcomes in minority ethnic groups.
• Policies to reduce social inequality and deprivation are required

to reduce COVID-19 disparities.
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mediation analysis is consistent with the excess risk observed in the general
population.
The comparator population used in the analysis also has strengths and
limitations.17 While cases of severe disease or COVID-19 mortality should
have been picked up through the linkage system, the comparator population would nevertheless have contained those with undiagnosed mild or
asymptomatic disease. In particular, during the first wave of the pandemic
in UK, it is estimated that the majority of cases remained undetected,24
with early testing policies limited to clinical need or health care professionals. This can lead to collider bias, particularly when a positive test is
used as the outcome.19 However, this cause of bias will be less relevant to
the harder outcomes of severe (in-hospital) disease or mortality when the
whole cohort without these outcomes is used as the comparator.19 It is
also possible that some reported cases may have resulted from a falsepositive, although false-positive rates in UK are estimated to be low at
between 0.8% and 4.0%.25 The findings should therefore be interpreted as
the UK Biobank population level risk of testing positive for COVID-19
within the national testing frameworks, developing severe disease or
COVID-19 mortality, but not as the risk of overall infection or exposure.
As this is an evolving pandemic, data should be interpreted as relating to
the first wave of the pandemic in UK only. It is also acknowledged that the
terms ‘black African or Caribbean’ and ‘South Asian’ cover a wide range of
different cultures, languages and religions and possess fundamental differences in their physiological makeup. Consequently, our results may not
apply to all black African or Caribbean and South Asian populations.
However, comparisons using these ethnic groupings are still informative
for understanding initial ethnic differences that can then be further investigated and stratified.
In conclusion, these results suggest reducing levels of material
deprivation within the whole population could potentially play a
pivotal role in reducing ethnic inequalities in COVID-19 outcomes
observed South Asian and black communities. This further highlights the central role that deprivation is likely to play in driving
ethnic health inequalities and the importance of policies working to
reduce levels of deprivation within the whole population.
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Abstract
Background: Health and key workers have elevated odds of developing severe COVID-19; it is not known,
however, if this is exacerbated in those with irregular work patterns. We aimed to investigate the odds of
developing severe COVID-19 in health and shift workers.
Methods: We included UK Biobank participants in employment or self-employed at baseline (2006–2010) and with
linked COVID-19 data to 31st August 2020. Participants were grouped as neither a health worker nor shift worker
(reference category) at baseline, health worker only, shift worker only, or both, and associations with severe COVID19 investigated in logistic regressions.
Results: Of 235,685 participants (81·5% neither health nor shift worker, 1·4% health worker only, 16·9% shift worker
only, and 0·3% both), there were 580 (0·25%) cases of severe COVID-19. The odds of severe COVID-19 was higher in
health workers (adjusted odds ratio: 2·32 [95% CI: 1·33, 4·05]; shift workers (2·06 [1·72, 2·47]); and in health workers who
worked shifts (7·56 [3·86, 14·79]). Being both a health worker and a shift worker had a possible greater impact on the
odds of severe COVID-19 in South Asian and Black and African Caribbean ethnicities compared to White individuals.
Conclusions: Both health and shift work (measured at baseline, 2006–2010) were independently associated with over
twice the odds of severe COVID-19 in 2020; the odds were over seven times higher in health workers who work shifts.
Vaccinations, therapeutic and preventative options should take into consideration not only health and key worker
status but also shift worker status.
Keywords: Coronavirus, SARS-CoV-2, Employment, Ethnicity, UK Biobank

Background
The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which causes coronavirus disease-2019
(COVID-19), is a global health threat [1]. It has led to an
unprecedented co-ordinated global research effort to
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develop and evaluate a range of vaccines. To date, preliminary results are in for candidate vaccines and vaccination
of priority groups has commenced. The provisional priority list in the UK focuses on care home residents and their
carers’, front-line health and social care workers, and older
adults [2]. The high priority for health workers and care
workers is due to the established elevated odds of infection, development of severe infection, and spreading infection in these groups [3–8]. This is further increased for
health workers from ethnic minorities [6]. There has been
less attention on whether the odds are exacerbated in
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those with irregular work patterns, i.e. shift work, which is
common in health and care.
Working shifts is associated with an increased risk for
cardiovascular disease [9–12] which appears to persist
following retirement, although attenuated [12]. Research
suggests risk factors for cardiometabolic diseases [12]
are also risk factors for COVID-19 [13–15]. Further,
shift work is associated with alterations in the immune
system and an increased risk for viral infections [16]. In
this view, it is not surprising that recent evidence suggests that shift work is associated with elevated odds of
severe COVID-19 [5, 17], and that health care workers
on night shifts have higher odds of in-hospital SARS-CoV2 infection than those on day shifts [18]. However, it is not
known whether working shifts interacts with health worker
status or ethnicity, both of which are independently associated with elevated odds of COVID-19 [6, 19, 20].
Shift workers are more likely to have disturbed sleep
and variable sleep patterns [21] leading to disruption of
the circadian rhythm. This has been hypothesised to increase the odds of COVID-19 in night shift workers
[22], but is evident even if the shift pattern does not include night work, likely due to sleep disruption in relation to circadian rhythms [21], which may persist in the
years following cessation of shift work [23]. Recent data
have suggested that sleep disruption and high variability
in sleep timing are associated with the odds of testing
positive for COVID-19 and development of severe infection [15]. Exacerbating this, shift work is common in
health workers where exposure to infection with SARSCoV-2 and odds of developing severe COVID-19 are
already relatively high [6, 7]. Therefore, we hypothesise
both health workers and shift workers will independently
be at increased odds of developing severe COVID-19,
but the odds will be further increased in health workers
who are also shift workers. Further, we hypothesise that
increased odds of developing severe COVID-19 will be
evident across ethnic groups and for males and females.

Methods
This study is reported as per the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines (Supplementary material: Checklist
S1) and following a pre-specified protocol (Application
Number 36371) [24].
Study population

For this analysis, we used data from UK Biobank (application 36,371), a prospective cohort of > 500,000 adults
aged 40–69 years [25]. UK Biobank has full ethical approval from the NHS National Research Ethics Service
(16/NW/0274). All methods were carried out in accordance with relevant guidelines and regulations and all
participants gave written informed consent prior data
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collection. All baseline assessments were conducted between March 2006 and July 2010. UK Biobank data are
linked to national SARS-CoV-2 laboratory test data
through Public Health England’s Second Generation
Surveillance System [26]. This secure, pseudonymized,
individual-level rapid dynamic linkage is described in detail elsewhere [26]. Data provided by the system is incorporated into the UK Biobank (UKB) database and
released through the usual governance processes (http://
www.ukbiobank.ac.uk/register-apply). The data were
available from 16th March 2020 to 31st August 2020
and included outcome of the test (positive/negative) and
specimen origin (hospital inpatient vs other). Analyses
were restricted to those who were alive on 16th March
2020 (the first COVID-19 testing sample date) and to
English centres as testing data were initially only for
those based in England.
Exposure

Participants’ occupation was categorised according to
whether or not they were health workers and/or shift
workers based on the occupation information reported at
baseline (2006–2010). Health care workers were classified
based on UK Biobank occupational codes 2,211,001–2,
216,012. Participants who reported that their work involved shift work “sometimes”, “usually” or “always” were
classified as shift workers, while participants who reported
that their work “never/rarely” involved shift work were
classified as non-shift workers. Shift or health worker status was defined as four mutually exclusive categories: neither (reference category), health worker only, shift worker
only, or both health and shift worker. Only participants
who reported being in paid employment or self-employed
at baseline were asked about shift work. Those without
data for shift work and health work status were excluded.
A flow chart detailing all participant exclusions is provided in Figure S1 in Supplementary material.
Outcome

Severe COVID-19 was defined as a composite of a positive
test result for SARS-CoV-2 from a hospital setting in line
with guidance for this dataset [26], or death related to the
disease (i.e. any death with an ICD-10 code of U07.1 or
U07.2 as the primary cause of death on the death certificate). Positive tests in an outpatient setting were removed
from this analysis as we were unable to determine whether
these ultimately resulted in hospitalisation. Results can
thus be interpreted as the overall population level risk of
being admitted to hospital with or dying from COVID-19
during the linkage period within UK Biobank. This population level method of assessing risk has been commonly
reported within COVID-19 risk factor research, enabling
comparison to the literature in terms of how the risk
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factors assessed compare to other commonly reported risk
factors [13–15, 27].
Co-variates/confounders

Participant characteristics, including body mass index
(BMI), sex, ethnicity (White, South Asian, Black and
African Caribbean), deprivation (Townsend score, a
composite measure of deprivation based on unemployment, non-car ownership, non-home ownership, and
household overcrowding; negative values represent less
deprivation), cancer (self-reported), co-morbidities (yes/
no; one or more medical condition(s): i.e. cardiovascular,
respiratory, renal, neurology, musculoskeletal, haematology, gynaecology, immunology, infections), and smoking
status (never, previous current) were collected at the
baseline assessment. Age on 16th March 2020 was calculated. Confounders were selected based on current clinical knowledge showing the risk of COVID-19 is
elevated in men, ethnic minorities [6], people who are
older [2], obese [14], deprived [2], have co-morbidities
[2], or who smoke [28].
Statistical analysis

Logistic regression was used to identify the odds associated with developing severe COVID-19 in participants
who were shift workers only, health workers only, or
were both health and shift workers. The reference category for comparison was workers who did not work
shifts, or work in healthcare. These four categories are
mutually exclusive to facilitate interpretation of the independent effects of shift and health worker status, and
whether their combination provides an additive or
multiplicative association. Analyses were carried out for
the whole cohort, and also stratified by ethnicity, and
sex. All analyses were adjusted for the aforementioned
potential confounders.
Two sensitivity analyses were carried out: 1) with selfreported sleep duration at baseline included as a further
co-variate; 2) stratified by retirement age (currently 66
years of age in the UK). People below retirement age at
the beginning of the pandemic were assumed most likely
to still be working and thus at higher exposure to the
virus. People above retirement age were assumed to be
less likely to be working and thus at lower exposure to
the virus. Individuals with an age at time of COVID-19
test equal to or below 65 years were classed as below retirement age, those with an age at time of COVID-19
above 65 years as above retirement age. Age was measured as an integer in years.
All analyses were carried out in Stata version 16.0 (StataCorp LLC, TX, USA). The code used to run the analysis is available on github (https://github.com/clg13/
Employment-analysis-code/blob/main/employment%2
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0analysis%20code%20for%20github.do). Statistical significance was set at the alpha level of .05.

Results
There were 235,685 participants eligible for inclusion in
this analysis (i.e. with information on outcome of severe
COVID-19, shift or health worker status, and full covariate profile), of which 580 (0·25%) had severe
COVID-19. Mean participant age was 63·8 years (SD
7·1), BMI 27·2 kg·m− 2 (SD 4·7), 52·2% were female, and
96·1% were White (Table 1); 81·5% (n = 193,135) were
neither a shift nor health worker, 16·9% (n = 38,738)
were a shift worker only, 1·4% (n = 3193) a health worker
only, and 0·3% (n = 620) both.
After adjustment for potential confounders, a significant association was found between shift worker only
(adjusted odds ratios (aOR): 2·06 [95% CI: 1·72, 2·47]) or
health worker only (2·32 [1·33, 4·05]) status and odds of
Table 1 Participant characteristics
Characteristic

All
(n = 235,685)

Severe covid-19
(hospitalisation or death)
Yes
(n = 580)

No
(n = 235,105)

Age at test (years)

63·8 (7·11)

63·6 (7·70)

63·8 (7·10)

Body mass index
(kg/m2)

27·2 (4·68)

28·7 (5·34)

27·2 (4·68)

Townsend score

-1·39 (2·96)

-0·47 (3·39)

-1·39 (2·96)

123,127 (52·2)

275 (47·4)

122,852 (52·3)

Sex
Female
Ethnicity
White

226,436 (96·1)

518 (89·3)

225,918 (96·1)

South Asian

4345 (1·8)

30 (5·2)

4315 (1·8)

Black

4904 (2·1)

32 (5·5)

4872 (2·1)

Never

135,710 (57·6)

300 (51·7)

135,410 (57·6)

Previous

75,767 (32·2)

221 (38·1)

75,546 (32·1)

Current

24,208 (10·3)

59 (10·1)

24,149 (10·3)

13,957 (5·9)

39 (6·7)

13,918 (5·9)

162,290 (68·9)

438 (75·5)

161,852 (68·9)

Smoking status

Past or current cancer
Yes
Co-morbidities
Yes
Shift or health worker
Neither

193,134 (81·5)

375 (64·7)

192,759 (82.0)

Shift worker

38,738 (16·9)

183 (31.6)

38,555 (16·4)

Health worker

3193 (1·4)

13 (2·2)

3180 (1·4)

Both

620 (0·3)

9 (1·6)

611 (0·3)

Values reported are mean (SD) or N (%)
Co-morbidities: yes/no; one or more medical condition(s): i.e.
cardiovascular, respiratory, renal, neurology, musculoskeletal,
haematology, gynaecology, immunology, infection
Townsend score: a composite measure of deprivation based on
unemployment, non-car ownership, non-home ownership, and
household overcrowding; negative values represent less deprivation
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severe COVID-19 (Fig. 1a). The estimated odds were
greatest for individuals who were both a shift and health
worker (aOR: 7·56 [3·86, 14·79]). A similar pattern was
found when the analysis was stratified by sex (Fig. 1a),
with a higher estimated association for both shift and
health worker status in men (aOR: 10·70 [4·92, 23·28])
than women (aOR: 3·58 [0·88, 14·54]). When the analysis
was stratified by ethnicity (Fig. 1b), there was a tendency
for a greater impact of being both a health worker and a
shift worker in South Asian and Black and African
Caribbean ethnicities when compared to White, but confidence intervals were large.
Results of unadjusted models were consistent with the
adjusted models and are given in Supplementary Table S1.
Sensitivity analyses

In the first sensitivity analysis, controlling for sleep duration
did not change the results (Supplementary Figure S2).
The second sensitivity analysis, stratified by retirement
age, was conducted for the whole sample only, due to
small numbers in the sex and ethnicity sub-groups.
There were 125,118 eligible individuals below retirement
age (54·2% female, 94·8% White) and assumed to be
working, of which 312 (0·25%) had severe COVID-19. Of
these 80·1% (n = 100,170) were neither a shift nor health
worker, 18·2% (n = 22,819) were a shift worker only,
1·4% (n = 1708) a health worker only, and 0·3% (n = 421)
both. There was a similar pattern of results, with estimated odds ratios generally larger than when the whole
cohort was considered (Fig. 2).
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Eligible people above retirement age and assumed to
be retired were 110,567 (50·0% female, 97·6% White), of
which 268 (0·24%) had severe COVID-19. Of these,
84·1% (n = 92,964) had been neither a shift nor health
worker, 14·4% (n = 15,919) a shift worker only, 1·3% (n =
1485) a health worker only, and none who had been
both. Elevated odds associated with prior shift worker
status persisted, albeit lower (aOR: 1·45 [1·08, 1·95]);
conversely, no association with prior health worker status was evident (Fig. 2).

Discussion
Both being a health worker, or working shifts, were independently associated with over twice the population level
odds of severe COVID-19; notably, the odds were more
than seven times higher in health workers who work
shifts. The impact of health and shift work tends to be
higher in males and in minority ethnic groups, who are
already at increased risk of severe COVID-19 [19, 20].
The substantially higher odds of severe COVID-19 associated with health workers who work shifts may reflect
a greater patient-facing role. This would lead to more
viral exposure than non-shift health workers who may
be more likely to be in managerial, supervisory or technician roles. The odds of severe COVID-19 were also
stronger when considering only people below retirement
age at the beginning of the pandemic, thus more likely
to still be working and at increased viral exposure. When
considering only people above retirement age at the beginning of the pandemic, the association with health

Fig. 1 Employment status and odds of severe COVID-19 stratified by a) sex, b) ethnicity. Model (a) adjusted for: age, sex (for all participants),
Townsend score, BMI, cancer (self-reported, past or current at time of data collection), co-morbidities (yes/no), smoking status (never, previous
current) and ethnicity. Model (b) same as model (a) except without ethnicity
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Fig. 2 Employment status and odds of severe COVID-19 stratified by UK retirement age (66y). Adjusted for age, sex (for all participants),
Townsend score, BMI, cancer (self-reported, past or current at time of data collection), co-morbidities (yes/no), smoking status and ethnicity

worker status appears to dissipate. This potentially suggests that the elevated odds of severe COVID-19 in the
whole population or those under retirement age is indeed explained by increased exposure to the virus. In
contrast, an association of severe COVID-19 with prior
shift-work status persists, although attenuated. Alongside the higher odds for health workers who work shifts,
this suggests that the association between severe
COVID-19 and shift work may not be fully explained by
an increased viral exposure.
The persistence of elevated odds associated with shift
work following retirement has previously been identified
for cardiovascular disease [12]. Purported mechanisms
include disruptions to the behavioural and circadian
rhythm [9], which can lead to chronic inflammation
[29], potentially contributing to the increased risk of cardiovascular disease observed in previous shift workers.
As COVID-19 is an acute inflammatory disease [29], it
may exacerbate any existing chronic inflammation.
Alongside other risk factors (e.g. health-related behaviours [15], psychological stress and genetic predisposition), this may be associated with a ‘cytokine storm’ [22,
29, 30] contributing to the increased odds of severe
COVID-19 we observed in shift-workers.
The demand for 24-h services has extended shift work
beyond factories to more traditionally “white collar” occupations, e.g. retail and service [31], with approximately
15–25% of workers in Europe employed on shift schedules [11, 16]. Irrespective, shift workers still tend to be
more deprived and subject to psychosocial stresses [10],
which may contribute to increased risk for cardiovascular disease and COVID-19. While we controlled for a
range of available co-variates, including age, sex, ethnicity, deprivation, co-morbidities and self-reported sleep
(sensitivity analysis), other residual confounders, e.g.
health-related behaviours, may be present that predispose the shift workers to greater odds of severe COVID-

19. However, Maidstone et al. [17] recently showed that
the incidence of COVID-19 in shift workers was still
greater when compared to non-shift workers in the same
job. Further, in a previous UK Biobank study, we showed
that objectively measured sleep disruption and variability
in sleep timing was associated with increased odds of severe COVID-19 [15]. While disturbed sleep is prevalent
in shift workers,21 the odds were similar when excluding
shift workers from the cohort [15]. This observation
would suggest that sleep disturbance and variability in
sleep timing, even in the absence of shift work status, is
associated with increased odds of severe COVID-19 [32].
Likewise, irregular sleep timing was associated with
metabolic abnormalities in a prospective study on cardiovascular events in ~ 2000 participants [33], with similar results when shift workers were excluded.
Strengths of this study include the large population
with linked COVID-19 data. In addition, the UK Biobank differs from many other datasets currently being
analysed to better understand COVID-19, in that it is an
extensively phenotyped population, allowing the impact
of issues such as shift worker status to be assessed. However, the study also has several important limitations.
Characteristics of participants, including health worker
and shift work status, were measured between 2006 and
2010 and may have changed prior to the pandemic.
Mutambudzi et al. [5] and Maidstone et al. [17] similarly
used occupation at UK Biobank baseline to ascertain
odds of severe COVID-19. In support of this assumption, Matambudzi et al. [5] determined a high correlation (r = 0.71, p < 0.001) between occupation at baseline
and occupation between 2014 and 2019 in a sub-sample
of > 12,000, participants indicating a high likelihood that
participants had continued working in the same profession. Further, in our analyses stratified by retirement
age, we assumed that those below retirement age at the
date of their COVID-19 test were still working and at
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relatively high exposure to COVID-19, while those above
retirement age were not working and were at lower exposure. It is not possible to confirm this assumption
with the available data. Additionally, the definition of severe COVID-19 was a positive test from a hospital inpatient; while this is consistent with the definition
proposed by the researchers that developed the linkage
method [25], actual disease severity cannot be confirmed
from the linkage data available. Finally, participants in
UK Biobank may not be representative of the wider
population and testing in the UK has not been universal,
making analyses vulnerable to bias.

Conclusions
In conclusion, both shift and health work status (measured in 2006–2010) were associated with increased odds
of developing severe COVID-19 independent of age, sex,
ethnicity, deprivation and co-morbidities. The odds were
compounded more than three-fold further in health
workers who work shifts, irrespective of sex or ethnicity,
compared to neither health nor shift worker. The impact
of health and shift work tended to be higher in minority
ethnic groups, who are already at increased risk of severe
COVID-19. The UK Reach study (https://uk-reach.org/
main/) will investigate how, and why, ethnicity affects
COVID-19 outcomes in healthcare workers. Notably, the
elevated odds associated with health workers was no longer apparent in people over retirement age, suggesting
that the increased odds are likely explained by the exposure to the virus inherent to the occupation. However, in
shift workers, elevated albeit attenuated odds were still
evident in people over retirement age, suggesting that the
elevated odds associated with shift work may not be fully
explained by increased exposure to the virus. This is consistent with previous reports of elevated risk of cardiovascular disease in former shift workers [12] and further
supports that risk factors for cardiovascular and cardiometabolic disease are also risk factors for COVID-19 [13–
15]. Vaccination, therapeutic and prevention programmes
are being prioritised for health care workers. Our data
suggest that shift workers should also be prioritised for
these preventive measures.
Supplementary Information
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org/10.1186/s12889-021-10839-0.
Additional file 1: Checklist S1. Strengthening the Reporting of
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of participants included in main analysis. Figure S2. Association between
employment status and odds of severe COVID-19, stratified by a) sex and
b) ethnicity, additionally controlled for self-reported sleep duration. Model
(a) adjusted for: age, sex (for all participants), Townsend score, BMI, cancer
(self-reported, past or current at time of data collection), co-morbidities
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Abstract
Objective: To estimate the proportion of ethnic inequalities explained by living in a multi-generational household.
Design: Causal mediation analysis.
Setting: Retrospective data from the 2011 Census linked to
Hospital Episode Statistics (2017-2019) and death registration data (up to 30 November 2020).
Participants: Adults aged 65 years or over living in private
households in England from 2 March 2020 until 30
November 2020 (n=10,078,568).
Main outcome measures: Hazard ratios were estimated
for COVID-19 death for people living in a multi-generational household compared with people living with another
older adult, adjusting for geographic factors, socioeconomic characteristics and pre-pandemic health.
Results: Living in a multi-generational household was associated with an increased risk of COVID-19 death. After
adjusting for confounding factors, the hazard ratios for
living in a multi-generational household with dependent
children were 1.17 (95% confidence interval [CI] 1.06–
1.30) and 1.21 (95% CI 1.06–1.38) for elderly men and
women. The hazard ratios for living in a multi-generational
household without dependent children were 1.07 (95% CI
1.01–1.13) for elderly men and 1.17 (95% CI 1.07–1.25) for
elderly women. Living in a multi-generational household
explained about 11% of the elevated risk of COVID-19
death among elderly women from South Asian background,
but very little for South Asian men or people in other
ethnic minority groups.
Conclusion: Elderly adults living with younger people are
at increased risk of COVID-19 mortality, and this is a contributing factor to the excess risk experienced by older
South Asian women compared to White women.
Relevant public health interventions should be directed at
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communities where such multi-generational households
are highly prevalent.

Keywords
Clinical, ethnic studies, housing and health, infectious
diseases, public health
Received: 5th February 2021; accepted: 15th February 2021

Research in context
Evidence before this study
A systematic review by Sze and colleagues demonstrated that people of ethnic minority background
in the UK and the USA have been disproportionately
affected by the Coronavirus disease 2019 (COVID19) compared to White populations. We reviewed
all papers included within the above systematic
review to identify studies which empirically explored
potential mediating pathways underpinning ethnic
inequalities in COVID-19. In addition, we searched
PubMed for studies related to the association
between household composition and COVID-19
risk, using the terms ‘household’, ‘COVID-19’ and
‘mortality’, ‘death’ or ‘infection’ on 1 December
2020. Previous research has demonstrated that household size is associated with COVID-19 risk, but there
is a lack of studies based on nationally representative
individual records that examine the links between
household composition and COVID-19 risk. In addition, no study has focused on multigenerational
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households. While several studies have examined
whether socio-demographic and economic factors
are driving ethnic inequalities in COVID-19, no
study has sought to explicitly quantify the contribution of household composition to the elevated risk of
COVID-19 mortality in ethnic minority groups.

Added value of this study
Using retrospective data from the 2011 Census linked
to Hospital Episode Statistics and death registration
data for England, we examined the relationship
between household composition and COVID-19
mortality risk among elderly adults (!65 years).
Living in a multi-generational household was associated with an increased risk of COVID-19 death.
The adjusted hazard ratios for living in a multi-generational household with dependent children were
1.17 (95% confidence interval [CI] 1.06–1.30) and
1.21 (95% CI 1.06–1.38) for elderly men and
women. The hazard ratios for living in a multi-generational household without dependent children were
1.07 (1.01–1.13) for elderly men and 1.17 (95% CI
1.07–1.25) for elderly women. Using a causal mediation approach, we estimated whether the higher propensity to live in multi-generational households
among ethnic minority groups contributed to their
raised risk of COVID-19 death. We found that
living in a multi-generational household explained
around 11% of the elevated risk of COVID-19
death among elderly women from a South Asian
background, but little for South Asian men or
people in other ethnic minority groups.

Implications of all the available evidence
Living in a multi-generational household is associated with an increased risk of COVID-19 infection
and death. The increase in risk appears greater for
elderly women than men living in a multi-generational household, and this is particularly the case
when living with dependent children. It explains
some of the excess COVID-19 mortality risk for
women of South Asian background, but very little
for men of South Asian background or people from
other ethnic groups. Differences in household composition are therefore unlikely to be the main explanation of ethnic inequalities in COVID-19 outcomes,
but may make an important contribution for some
specific population subgroups, and may therefore be
taken into account when prioritising vaccination.
Relevant public health interventions (such as the provision of free accommodation to assist with self-isolation) should be considered to mitigate risks of
infection spread within a household. Ensuring such
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interventions are accessible to communities where
multi-generational households are highly prevalent
(such as South Asian women) may be warranted.

Introduction
People of ethnic minority background in the UK and
the USA have been disproportionately affected by
COVID-191–5 compared to the White population, particularly Black and South Asian groups. While several
studies have investigated whether adjusting for socio
demographic and economic factors and medical history
reduces the estimated difference in risk of mortality and
hospitalisation,6–8 the reasons for the differences in the
risk of experiencing harms from COVID-19 are still
being explored.
One important driver of these ethnic inequalities
may be differences in household structure between
ethnic groups. Household composition varies substantially between ethnic groups, with some ethnic minority populations more likely to live in large, multigenerational households.9 While living in multi-generational households is associated with increased
social capital,10 which could have beneficial health
effects,11 it may also increase the risk of potential
viral transmission.12,13 For older people, who are at
greater risk of experiencing severe complications if
infected, residing with younger people may represent
an increase in exposure to infection, which could lead
to an increased risk of hospitalisation and mortality
from COVID-19. To the best of our knowledge, no
study has yet examined whether the difference in
household composition partly explains the elevated
risk of COVID-19 mortality in ethnic minority groups.
In this study, we examined the relationship
between household composition and COVID-19
mortality risk among elderly adults (!65 years) in
England, with a focus on multi-generational households (elderly adults living with younger adults or
dependent children). We then investigated how the
propensity to live in a multi-generation household
varies across ethnic groups, and whether this heterogeneity contributes to the raised risk of COVID-19
mortality among ethnic minority groups compared to
the White population.

Methods
Data
This retrospective cohort study was based on the
2011 Census of England linked to mortality registration data and Hospital Episodes Statistics (2017–
2019). The study population included all usual residents of England aged 65 years or over in 2020, who

184
had been enumerated in private households at the
time of the 2011 Census (27 March 2011), had not
moved to a care home by 2019 (identified by linking
to the NHS Patient Register) and were still alive on 2
March 2020. We further excluded individuals who
entered the UK in the year before the Census due
to their higher propensity to leave the UK prior to
the study period, and those aged over 100 years at the
time of the Census. Our study population consisted of
10,078,568 individuals aged 65 years or over at 2
March 2020 (see Table 3 in Appendix 1 for details
on the number of participants at each stage of the
sample selection).
To adjust for out-migration, we applied weights
reflecting the probability of having remained in the
country until March 2020 after being enumerated in
March 2011, based on data from the NHS Patient
Register and the International Passenger Survey
(IPS). Further information on the data has already
been published.6 All the variables used in the analysis,
including their definitions and sources, are detailed in
Table 4 in Appendix 1.

Outcome and exposure
Deaths involving COVID-19 included those with an
underlying cause, or any mention, of International
Statistical Classification of Diseases and Related
Health Problems 10th Revision (ICD-10) codes
U07.1 (COVID-19, virus identified) or U07.2
(COVID-19, virus not identified). We analysed
deaths that occurred between 2 March 2020 and 30
November 2020, which corresponds to the deaths
that occurred during the first and second COVID19 waves.
Household composition in 2020 was derived based
the household composition at the time of the Census.
We excluded people who died between 27 March
2011 and 1 March 2020 or had moved to a care
home by 2019. To mitigate measurement error, we
removed people aged 10 to 24 at the time of the
Census because they were more likely to have
moved out in 2020. We defined a multi-generational
household to be a household in which someone aged
65 years or over on 2 March in 2020 co-resided with
at least one other adult aged more than 20 years
younger or with at least one child. Our household
composition variable classified households in five
categories: Single; Two elderly adults; Multi-generational household without dependent children; Multigenerational household with dependent children;
three or more elderly adults. As sensitivity analyses,
we removed people aged 10 to 19 instead of 10 to 24.
We also defined a multi-generational household to be
one in which someone aged 65 years or over in 2020
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co-resided with at least one other adult aged more
than 15 years (instead of 20 years) younger. We
also used longitudinal data from the English
Longitudinal Study of Ageing to estimate change in
household composition among adults aged 65 or over
between 2008–2009 and 2016–2017 (see Appendix for
more details). We also compare estimates of the proportion of elderly adults living in multi-generational
households by ethnic group in our linked data to estimates based on the 2019 Annual Population Survey.
In the mediation analysis, the exposure was selfreported ethnic affiliation based on a nine-group classification (Table 4 in Appendix 1). The two mediators
were binary variables for living in a multi-generational household with or without children.

Covariates
Demographic factors, geographical variables, socioeconomic characteristics and measures of pre-pandemic health are listed in Table 4 in Appendix 1.
These covariates were generally considered to be confounders of the relationship between household composition and COVID-19 mortality risk, and
mediators of the ethnicity–mortality relationship
(Figure 1).

Statistical analyses
We calculated age-standardised mortality rates
(ASMRs) stratified by household composition and
sex, separately for COVID-19-related deaths and
other deaths. The ASMRs were standardised to the
2013 European Standard Population and can be
interpreted as deaths per 100,000 of the population
at risk during the analysis period.
We estimated Cox proportional hazard models to
assess whether the risk of COVID-19-related death
varies by household type (using living with one
other older adult with as the reference category)
after adjusting for the geographical factors, socioeconomic characteristics and measures of health
listed in Table 4 in Appendix 1. These factors could
confound the relationship between household composition and COVID-19-related mortality, as shown
in Figure 1. We estimated separate models for men
and women, as the risk of death involving COVID-19
differs markedly by sex.7 When fitting the Cox
models, we included all individuals who died during
the analysis period and a weighted random sample of
those who did not (5% of White people, and 20%
among ethnic minority groups), and applied case
weights to reflect the original population totals.
Standard errors were clustered at the household
level. We assessed the proportional hazard
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Figure 1. Directed Acyclic Graphs summarising the relationship between ethnicity, household composition and COVID-19
mortality. Note: When analysing whether household composition directly affects the risk of COVID-19 death, our effect of
interest is A. In the mediation analysis, where we estimate the proportion of the ethnic disparity in COVID-19 that is explained by
living in a multi-generational household, the effects of interest are A þ B.

assumption by testing for the independence between
the scaled Schoenfeld residuals and time-at-risk.
We conducted a causal mediation analysis14 to
estimate the proportion of excess risk in ethnic
minority groups which is attributable to living in a
multigenerational household. As a measure of
inequality in COVID-19 mortality, ethnicity-specific
odds ratios for COVID-19 mortality were estimated
using logistic regression models, fitted to men and
women separately and adjusting solely for age in
the baseline model. The proportion of the difference
in COVID-19 mortality rates between ethnic groups
mediated by living in a multi-generational household
was then estimated as the Average Causal Mediated
Effect as a proportion of the age-adjusted difference
in the probability of COVID-19 mortality, using a
non-parametric approach15 (see Appendix 1 for
more details). The mediator models and the full outcome model were adjusted for geographical factors
(region, population density, urban/rural classification), socio-economic characteristics (IMD decile,
educational attainment, social grade, household tenancy) and health (self-reported health and disability
from the Census, pre-existing conditions based on
hospital contacts), We did not adjust for overcrowding or housing type, as these are likely to be

consequences of living in a multi-generational household rather than confounding factors (Figure 1) In
addition, among elderly adults, household size and
overcrowding are strongly linked to multi-generational households, because most households with
more than two people are multi-generational.
Confidence intervals were obtained via bootstrapping, clustered at the household level, using 500 replications. All statistical analyses were performed
using R version 3.5.

Results
Characteristics of the study population
Characteristics of the study population are reported
in Table 1. In our study population of 10,078,568
individuals in England aged 65 years or over who
were not in a care home in 2019 and were still alive
on 2 March 2020, just over half (54.0%) were
female, the mean age was 75.2 years, and 93.9%
reported being from a White ethnic background
(Table 2). Over the outcome period (2 March 2020
to 30 November 2020), 39,419 (0.39%) died of
COVID-19, and 227,041 (2.3%) died of other
causes.

0.0023
0.0045
0.0086
0.0035
0.0181
0.0044
0.0119
0.0077
0.9388

Bangladeshi

Black African

Black Caribbean

Chinese

Indian

Mixed

Other

Pakistani

White

3536.2

Population density

Ethnicity

0.5396

0.0065

Other 3 þ adults

Female

0.0197

MGH with young
children

Sex

0.0975

MGH without young
children

75.2

0.3260

Single

Age in 2020

0.5502

0.0225

Other death

Two older adults

0.0039

COVID-19 death

Age

Household
composition

Mortality

Mean

All

0.2398

0.0876

0.1085

0.0665

0.1334

0.0593

0.0926

0.0670

0.0483

3818.7

0.4984

7.6

0.0806

0.1388

0.2967

0.4688

0.4975

0.1484

0.0624

SD

Table 1. Distribution of study variables, stratified by household composition.

0.9588

0.0039

0.0089

0.0035

0.0121

0.0030

0.0060

0.0027

0.0011

3118.1

0.4822

74.2

0.0182

0.0030

Single
Mean

0.9546

0.0031

0.0084

0.0055

0.0088

0.0026

0.0114

0.0046

0.0011

3915.0

0.6561

78.0

0.0323

0.0055

Two-adult
households
Mean

0.8396

0.0251

0.0297

0.0051

0.0640

0.0085

0.0124

0.0092

0.0065

4190.1

0.4866

72.6

0.0161

0.0033

MGH without
young children
Mean

0.6241

0.1071

0.0625

0.0074

0.1064

0.0088

0.0181

0.0276

0.0381

5449.0

0.4889

72.6

0.0146

0.0045

MGH with
young children
Mean

(continued)

0.8847

0.0070

0.0261

0.0121

0.0387

0.0059

0.0128

0.0112

0.0016

4320.3

0.5040

76.0

0.0204

0.0032

3 þ older adults
Mean

186
Journal of the Royal Society of Medicine 114(4)

Urban/rural
classification

Household deprivation

Region

Table 1. Continued.

0.2038
0.0646

0.0434
0.0042

Rural hamlets and isolated dwellings in a
sparse setting

0.0556

0.2066

0.4114

0.4863

0.4777

0.3000

0.3091

0.3275

0.3779

0.3402

0.2219

0.3035

0.2869

0.3245

SD

Rural hamlets and isolated dwellings

0.0031

Deprived along 4
dimensions

0.1000

Yorkshire and the
Humbers

0.0447

0.1070

West Midlands

Deprived along 3
dimensions

0.1222

South West

0.2158

0.1726

South East

Deprived along 2
dimensions

0.1336

North West

0.3840

0.0519

North East

Deprived along 1
dimension

0.1026

London

0.3525

0.0905

East Midlands

Not deprived

0.1196

East

Mean

All

0.0048

0.0509

0.0018

0.0346

0.1727

0.3712

0.4198

0.1028

0.1062

0.1298

0.1776

0.1303

0.0523

0.0817

0.0948

0.1246

Single
Mean

0.0032

0.0317

0.0038

0.0526

0.2911

0.4168

0.2356

0.1008

0.1047

0.1194

0.1685

0.1400

0.0539

0.1094

0.0878

0.1155

Two-adult
households
Mean

0.0036

0.0405

0.0050

0.0597

0.1996

0.3525

0.3832

0.0845

0.1139

0.0967

0.1646

0.1333

0.0465

0.1695

0.0799

0.1112

MGH without
young children
Mean

0.0041

0.0395

0.0139

0.0944

0.2302

0.3547

0.3068

0.0894

0.1328

0.0844

0.1406

0.1239

0.0392

0.2243

0.0725

0.0929

MGH with
young children
Mean

(continued)

0.0057

0.0510

0.0174

0.1246

0.2883

0.3738

0.1958

0.0866

0.1032

0.1247

0.1729

0.1282

0.0436

0.1617

0.0759

0.1031

3 þ older adults
Mean
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Health

Approximated social
grade

Table 1. Continued.

0.2209
0.4464
0.2525
0.0661

Good

Fair

Poor

0.0386

E

Very good

0.2675

D

0.0338

Urban minor
conurbation

0.2006

0.2905

Urban major
conurbation

C2

0.0022

Urban city and town in
a sparse setting

0.2961

0.4362

Urban city and town

C1

0.0052

Rural villageı̈¿½in a
sparse setting

0.1972

0.0740

Rural village

AB

0.0708

0.0050

Rural town and
fringeı̈¿½in a sparse
setting

0.2484

0.4344

0.4971

0.4148

0.1926

0.4427

0.4004

0.4565

0.3979

0.1806

0.4540

0.0465

0.4959

0.0716

0.2618

0.3072

0.1055

Rural town and fringe

SD

Mean

All

0.0546

0.2221

0.4655

0.2460

0.0201

0.2405

0.2207

0.2920

0.2267

0.0332

0.2578

0.0021

0.4406

0.0057

0.0852

0.0052

0.1143

Single
Mean

0.0825

0.3044

0.4168

0.1790

0.0743

0.3156

0.1487

0.3135

0.1480

0.0367

0.3061

0.0024

0.4473

0.0047

0.0617

0.0056

0.1006

Two-adult
households
Mean

0.0665

0.2445

0.4505

0.2242

0.0227

0.2618

0.2536

0.2667

0.1951

0.0288

0.3828

0.0014

0.3945

0.0035

0.0583

0.0029

0.0835

MGH without
young children
Mean

0.1069

0.2740

0.3951

0.1990

0.0337

0.2525

0.2242

0.2757

0.2139

0.0280

0.4688

0.0016

0.3440

0.0031

0.0481

0.0033

0.0595

MGH with
young children
Mean

(continued)

0.0843

0.2679

0.4126

0.2071

0.0586

0.2798

0.2323

0.2774

0.1519

0.0259

0.3459

0.0031

0.4106

0.0100

0.0652

0.0035

0.0792

3 þ older adults
Mean
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0.0813

0.1375

Respiratory disorder

3

0.0674

Renal disorder

0.0723

0.0178

Neurological disorder

2

0.0989

Musculoskeletal
disorder

0.0670

0.0854

Metabolic disorder

1

0.0210

Mental health
condition

IMD decile

0.0193

Digestive disorder

0.0313

0.2829

Cardiovascular disease

0.6830

Daily activities limited
a lot
0.1009

0.1937

Daily activities limited
a little

Cancer

0.1234

0.0141

Daily activities no
limited

Very poor

Mean

All

Overcrowded

Hospital-based
co-morbidities

Long-term health
problem or disability

Table 1. Continued.

0.2733

0.2590

0.2501

0.1741

0.3443

0.2508

0.1322

0.2985

0.2794

0.1435

0.1375

0.4504

0.3012

0.4653

0.3952

0.3288

0.1180

SD

0.0705

0.0590

0.0495

0.0141

0.1259

0.0575

0.0173

0.0883

0.0784

0.0159

0.0190

0.2703

0.1059

0.7280

0.1717

0.1002

0.0117

Single
Mean

0.0950

0.0883

0.0902

0.0372

0.1616

0.0885

0.0193

0.1237

0.0904

0.0319

0.0197

0.3122

0.0980

0.6017

0.2374

0.1609

0.0172

Two-adult
households
Mean

0.0899

0.0823

0.0729

0.0630

0.1241

0.0551

0.0163

0.0810

0.0983

0.0150

0.0197

0.2612

0.0896

0.7137

0.1714

0.1150

0.0143

MGH without
young children
Mean

0.1102

0.1235

0.1343

0.2104

0.1394

0.0614

0.0140

0.0864

0.1364

0.0153

0.0193

0.2830

0.0758

0.6387

0.1963

0.1650

0.0251

MGH with
young children
Mean

(continued)

0.0964

0.0927

0.0981

0.1682

0.1049

0.0513

0.0145

0.0598

0.0738

0.0178

0.0165

0.2029

0.0738

0.6191

0.1853

0.1956

0.0281

3 þ older adults
Mean
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Tenure of household

Level of highest
qualification

Table 1. Continued.

0.1205
0.1193

9

10

0.0655

Other

0.1952

0.2381

Level 4 þ : degree or
above

Owned with a
mortgage

0.0663

Level 3: 2 þ A Levels
or equivalent

0.6197

0.0587

Apprenticeship

Owned outright

0.1048

Level 2: 5 þ GCSE/O
levels

Level 1: 1–4 GCSE/OLevel

0.3242

0.3256

0.3235

0.3964

0.4855

0.2474

0.4259

0.2489

0.2351

0.3063

0.2898

0.1188

8

0.3214

0.0926

0.1170

7

0.3136

0.4839

0.1106

6

0.3028

0.2877

SD

0.3740

0.1021

5

No qualification

0.0911

4

Mean

All

0.2109

0.6621

0.0643

0.2608

0.0731

0.0686

0.1092

0.0968

0.3271

0.1366

0.1335

0.1288

0.1243

0.1138

0.0999

0.0842

Single
Mean

0.1169

0.5912

0.0569

0.2070

0.0534

0.0424

0.0992

0.0840

0.4570

0.0958

0.1035

0.1064

0.1088

0.1074

0.1050

0.0997

Two-adult
households
Mean

0.3196

0.5398

0.0866

0.2243

0.0713

0.0623

0.1050

0.0985

0.3519

0.1120

0.1140

0.1112

0.1094

0.1058

0.1050

0.0975

MGH without
young children
Mean

0.4272

0.3326

0.1310

0.1983

0.0583

0.0381

0.0790

0.0854

0.4099

0.0770

0.0807

0.0867

0.0866

0.0959

0.1013

0.1037

MGH with
young children
Mean

(continued)

0.2303

0.5195

0.0776

0.2064

0.0874

0.0448

0.0931

0.0911

0.3994

0.0773

0.0951

0.1008

0.1155

0.1150

0.1038

0.1053

3 þ older adults
Mean
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0.0229
0.0094
MGH: multi-generational household; IMD: Index of Multiple Deprivation; GCSE: General Certificate of Secondary Education.

0.0179
0.0075
0.0109
Living rent-free

0.1040

0.0063

0.0756
0.0912
0.0682
0.0373
0.0492
Private rented

0.2162

0.0424

0.0634
0.0564
0.0933
0.0352
0.0550
Other social rented

0.2279

0.0375

0.0782
0.1068
0.0437
0.0659
Social rented from
council

0.2481

0.0512

0.0049
0.0032
0.0057
0.0033
0.0641
0.0041
Shared ownership

Mean

SD

MGH without
young children
Mean
Two-adult
households
Mean
Single
Mean
All
Table 1. Continued.

0.0828

3 þ older adults
Mean

Compared with elderly adults living with one other
older adult (n ¼ 5,538,963), people living by themselves (n ¼ 3,287,395) had a higher mean age, were
more likely to be female and tended to be more
deprived. Older people living in a multi-generational
household without dependent children (n ¼ 987,306)
and with dependent children (n ¼ 199,112) were on
average younger and were more likely to be from
an ethnic minority group, live in London and large
urban conurbations, and tended to be more deprived
than older people living with another older adult.
Summary statistics stratified by ethnic groups are
reported in Table 5 in Appendix 1.
Figure 2 shows that household composition varied
substantially between ethnic groups. Among older
people, just over 10% of those of White background
lived in a multi-generational household, compared to
over half of Bangladeshi or Pakistani background
(58.7% and 58.8%, respectively) and 45.8% of
Indian background. The patterns were similar for
men and women, although a larger proportion of
women live by themselves (Figure 5 in Appendix 1).
Similar proportions are obtained when using data
from the 2019 Annual Population Survey and applying the same definition of multi-generational households (Table 6 in Appendix 1).

0.0056

191

MGH with
young children
Mean
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Household composition and death involving
COVID-19
Elderly people living by themselves were more likely
to have died from COVID-19 over the study period
than those living with another adult. For men, the
ASMRs were 632 (95% confidence interval [CI]:
618 – 646) and 465 (95% CI 456–473) per 100,000
of the population for those living by themselves and
those living with another adult, respectively (Figure
3, Panel A). For women, the ASMRs were 309 (95%
CI 302–316) and 236 (95% CI 230–243) per 100,000,
respectively. A similar pattern is observed for deaths
from other causes (Figure 3, Panel B).
There was a positive association between the risk
of COVID-19 death and living a in multi-generational household. Both elderly men and women
living a multi-generational household without
school-age children were more likely to die from
COVID-19 than elderly people living with another
elderly adult (ASMR 563 [95% CI 538–589] per
100,000 for men, 307 [95% CI 288–327] for
women), with the risk of death being greater still if
there were children in the household (ASMR 773
[95% CI 704–843] per 100,000 for men, 415 [95%
CI 369–461] per 100,000 for women). The risk of
COVID-19 mortality was higher in men than that
in women across all the household compositions
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Figure 2. Household composition by ethnic group for people in England aged ! 65 years. Note: Linked 2011 Census and
mortality registration data for people in England aged ! 65 years, excluding those living in a care home in 2019. The number of
adults in the household was calculated as the number of people aged ! 25 years who lived in the household at the time of the
Census, minus those who died between 27 March 2011 and 1 March 2020.

Figure 3. Age-standardised mortality rates per 100,000 adults aged 65 years or over, stratified by sex and household composition. Note: Deaths occurring between 2 March 2020 and 30 November 2020. 95% confidence intervals are reported.
Mortality rates are standardised to the 2013 European Standard Population.
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Table 2. Hazard ratios for COVID-19-related death for elderly adults (aged !65 years) in England, compared to living in a
household with one other older adult, stratified by sex.
Men
Age-adjusted
Single

1.37
[1.328–1.414]

Multi-generational household without children

1.304
[1.242–1.369]

Multi-generational household with children

1.772
[1.619–1.940]

3þ elderly adults

0.894
[0.745–1.073]

Observations

405,182

Concordance

0.740

Women
Fully adjusted
1.132
[1.091–1.174]
1.065
[1.009–1.125]
1.174
[1.062–1.299]
0.995
[0.824–1.080]

Age-adjusted
1.291
[1.244–1.341]
1.322
[1.234–1.417]
1.858
[1.656–2.084]
0.722
[0.570–0.916]

Fully adjusted
1.105
[1.059–1.152]
1.156
[1.073–1.246]
1.21
[1.060–1.380]
0.845
[0.658–1.086]

443,650
0.826

0.755

0.852

Note: Hazard ratios compared to living in a household with one other older adult. Fully adjusted Cox regression models include geographical factors
(region, population density, urban/rural classification), ethnicity, socioeconomic characteristics (IMD decile, household deprivation, educational attainment, social grade, household tenancy), health (self-reported health and disability from the Census, pre-existing conditions based on hospital contacts,
number of hospital admissions, total days spent in hospital), a measure for overcrowding and property type.

(Figure 3). There was no clear relationship between
living in a multi-generational household and mortality from other causes.
Adjusting for individual- and household-level
characteristics (including age, geographical factors,
socioeconomic characteristics and measures of prepandemic health) reduced the estimated differences
in COVID-19 mortality rates between elderly adults
living in different types households (Table 2).
Adjusting for socioeconomic factors, such as IMD
decile, household deprivation, educational attainment, social grade and household tenancy, had the
strongest effect of the hazard ratio (Table 7 in
Appendix 1). However, even after adjusting for
these characteristics, living in a multi-generational
household, especially with children, remained associated with an increased risk of COVID-19-related
death. Compared to living with another elderly
adult aged 65 years or above, the rate of COVID19-related death was 1.16 (95% CI 1.07–1.25) and
1.21 (95% CI 1.06–1.38) times greater for elderly
women living in a multi-generational household without and with children, respectively. For elderly men,
after adjusting for individual and household characteristics, living in a multi-generational household
without children was associated with a 1.07 (95%
CI 1.01–1.13) times greater risk of COVID-19-related
death and living in a multi-generational household

with children with a 1.17 (95% CI 1.06–1.30) times
greater risk.
Using the ASMRs for women living with another
elderly adult as the baseline risk, these hazard ratios
imply that living in a multi-generational household
without children would increase the ASMRs from 236
to 274 death per 100,000 people, and living in a multigenerational household with children to 286 death per
100,000 people. For men, living in a multigenerational
household without children is expected to increase the
ASMRs from 465 to 498 death per 100,000 people, and
living in a multi-generational household with children
to 544 death per 100,000 people.
The rate of COVID-19-related death was also 1.13
(95% CI 1.09–1.17) times greater for elderly men
living alone than for those living with another older
adult, and 1.10 (95% CI 1.06–1.15) times greater for
elderly women. The results were similar in the sensitivity analyses using different definitions of household
composition (Table 8 in Appendix 1).
We tested the proportional hazard assumption by
testing for the independence between the scaled
Schoenfeld residuals and time-at-risk. For men, the
test failed to reject the independence for the exposure
(p ¼ 0.112 for men), suggesting that the proportional
hazard assumption was unlikely to be violated.
However, for women, the test suggested that the proportional hazard assumption was likely to be violated
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Figure 4. Decomposition of odds ratios for COVID-19 mortality among elderly adults (aged ! 65 years) across ethnic groups,
stratified by sex. Note: The overall height of the bar corresponds to the odds ratio (OR), relative to the White population, based
on a logistic regression model adjusted for age. Error bars are 95% confidence intervals. The proportion of the age-adjusted ORs
explained by living in a multi-generational household were calculated through a mediation analysis. The unexplained part corresponds to the ORs from a model adjusted for age, geographical factors (region, population density, urban/rural classification),
socioeconomic characteristics (IMD decile, household deprivation, educational attainment, social grade, household tenancy), and
health (self-reported health and disability from the Census, pre-existing conditions based on hospital contacts, number of hospital
admissions, total days spent in hospital).

(p ¼ 0.002), However, as shown by the smoothed
Schoenfeld residuals for each group (Figure 6 in
Appendix 1), the deviation from the estimated loghazard ratio is small, and the 95% confidence intervals around the smoothed Schoenfeld residuals
always included the estimated log-hazard ratio, suggesting that violation of the proportional hazard
assumption was unlikely to substantially affect our
main results.

Living in a multi-generational household as a
mediator for the disparity in COVID-19 death
between ethnic groups
Figure 4 shows the decomposition of the age-adjusted
odds ratios of COVID-19 death for ethnic minority
groups compared to those of white ethnic group into
and Three parts: (i) the part explained by living in a
multi-generational household (in red); (ii) the part
explained by other individual and household characteristics, such as geographical factors, socioeconomic
factors and pre-pandemic health (in green); and (iii) a
residual component that is not explained by our
model (in blue).

Among people aged 65 years or over, those from
all ethnic minority groups except Chinese were at
greater risk of COVID-19-related death than those
from the White population. Compared to men and
women from White ethnic group, the odds of
COVID-19 death were 2.98 (95% CI 2.73–3.26) and
2.58 (95% CI 2.28–2.93) times greater for men and
women from Pakistani ethnic background. The odds
of death were also notably greater for people of
Bangladeshi, Black African, Black Caribbean or
Indian ethnic background than the White population,
with odds ratios of 2.83 (95% CI 2.42–3.32), 2.39
(95% CI 2.06–2.77), 2.19 (95% CI 2.00–2.40) and
1.75 (95% CI 1.26–1.90), respectively, for men and
2.45 (95% CI1.95–3.09), 1.71 (95% CI 1.39–2.09),
1.65 (95% CI 1.46–1.86) and 1.64 (95% CI 1.48–
1.86), respectively, for women.
Living in a multi-generational household did not
explain much of the difference in COVID-19 mortality rates among elderly men. It accounted for 6.9%
(95% CI 2.7–11.3) of the excess risk of COVID-19
mortality for men of Pakistani background, 6.0%
(95% CI 2.3–9.9) for men of Indian background
and 6.3% (95% CI 2.6–10.2) for men of Pakistani
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background. It did explain a larger proportion the
difference in risk between elderly women of South
Asian background and White elderly women Living
in a multi-generational household accounted for
11.6% (95% CI 5.9–18.0) of the excess risk of
COVID-19 mortality for women of Indian background, and 11.5% (95% CI 4.0–20.0) and 11.1%
(95% CI 4.8–17.5) for women of Bangladeshi and
Pakistani background (see Table 9 in Appendix 1
for full results). The results were similar in the sensitivity analyses using different definitions of household
composition (Table 10 in Appendix 1).

Discussion
Principal findings
This paper makes two contributions to the research
on COVID-19. First, we find that among elderly
adults, household composition is associated with
COVID-19 mortality, even after adjusting for a
range of sociodemographic factors and measures of
health. Our results indicate that compared to those
living in a two older adult household, elderly adults,
especially women, living in a multi-generational
household are at greater risk of COVID-19 death.
Living alone is also associated with elevated
COVID-19 mortality. Second, we find that living in
a multi-generational household explains around 11%
of the excess COVID-19 mortality risk for women of
South Asian background, but little for men or people
from other ethnic groups.

Comparison with related studies
Our results are consistent with emerging evidence
that household size is associated with the risk of
infection,16,17 and that elderly adults tend to be at
greater risk of household transmission.18,19 Older
people living in large household tend to live in
multi-generational households, co-habiting with
younger adults and children. There is some evidence
that, among elderly adults, living with dependent
children is not strongly associated with the risk of
COVID-19 infection or adverse outcomes.20 While
our results indicate that elderly adults living in a
multi-generational household are at greater risk of
COVID-19 death compared to those living with
another older adult, we find little difference in risk
between older people living in a multi-generational
household with or without young children. Our
results are consistent with a recent study using
Swedish data, which show that for elderly adults,
living with a working-age adult was associated with
increased COVID-19 mortality.21
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Several studies have analysed ethnic differences in
COVID-19 infection and mortality.3,4,6–8 Although
we focus on elderly adults only, we find that almost
all ethnic minority groups were at higher risk of
COVID-19 deaths compared to the White population, and that the differences were attenuated once
we adjusted for a range of geographical factors,
sociodemographic characteristics and co-morbidities.
We improve the existing evidence on ethnic inequalities in COVID-19 mortality by using a causal mediation approach to quantify the importance of living
in a multi-generational household.

Mechanisms
Our results suggest that older people are placed at
increased exposure to infection by living with
younger adults rather than young children. After
adjusting for confounding factors, we find that the
risk of COVID-19 death is similar among elderly
adults living in a household with young children
and those living in a household with younger adults
only. This could be due to schools having been closed
for a substantial proportion of the period at risk. The
increased risk is likely to be driven by co-residing
with younger adults, who have a higher risk of infection than older people.17 Younger adults are likely to
be at increased risk of exposure because of work, as
evidence suggests that in England people who are
working were at greater risk of infection compared
to people not in employment, especially if they were
working in patient or client-facing occupations.17,22,23
The interaction between job characteristics and
household composition is likely to account for some
of the elevated mortality among ethnic minority
groups in the USA.24
Elderly adults living by themselves were also found
to be at greater risk of COVID-19 death than those
living with another older adult. During the COVID19 pandemic, older people living alone were more
likely to have received help from carers, including
informal helpers, than people living with another
older adult.25 These frequent contacts with people
from different households could increase the risk of
being exposed to the virus.
We find that living in a multi-generational household explains around 11% of the excess COVID-19
mortality risk for women of South Asian background, but little for men, despite a similar proportion of them living in a multi-generational household.
Women spend more time at home than men and still
do the majority of unpaid housework,26 which could
increase the risk of household transmission.
However, further research would be needed to understand the mechanisms driving our results.
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Strengths and limitations
The primary strength of our study lies in the use of a
unique linked population-level dataset which combine
the 2011 Census with death registration data and hospital records. Unlike data based solely on health records,
our study dataset contains a broad range of information
on demographic, socio-economic, and household characteristics, including occupation. Unlike sample survey
data, it contains millions of observations covering the
entire population of interest, allowing us to examine
both the association between household composition
and COVID-19 mortality and also whether living in a
multi-generational household explains some of the disparity in COVID-19 mortality between ethnic groups.
We were able to examine differences between disaggregated ethnic minority groupings rather than high-level
categories of South Asian, Black and Other.
The main limitation of our study is that household
composition is likely to be imprecisely measured. While
household composition is based on a detailed and accurate measurement taken in 2011, we could only identify
changes since then due to death of household members
or a move to a care home. While we took several steps to
limit the measurement error, such as focusing on elderly
adults, including only adults aged 25 or over and children aged 0 to 9 at the time of the census in our definition of household composition, our household
composition measure may not reflect current living circumstances of everybody in our population of interest.
To mitigate concerns about measurement error, we
showed that our results are robust to using different
definitions of household composition. Nonetheless,
measurement error is likely to attenuate the explanatory
power of household composition in our models. In addition, while we have used a causal mediation approach,
our analysis remains based on observational data and
therefore residual confounding is likely. Another limitation is that our statistical approach assumes that the
effect of living in different types of household composition is the same across ethnic groups.
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risk for women of South Asian background, but little
for men or people from other ethnic groups. Further
research is needed to explain the difference in COVID19 mortality between ethnic groups.
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Three study importance questions
What is already known about this subject?
People of South Asian or black ethnic origin have been shown to have a higher risk of infection,
severe disease and COVID-19 mortality compared to those of white ethnicities.
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Obesity is an established risk factor for COVID-19 outcomes, but less in known about whether
ethnicity acts to modify the strength of association observed with obesity or whether the risk
remains consistent across ethnic groups.

What are the new findings in the manuscript?
Compared to white subjects without obesity, all other combinations of obesity and ethnicity had a
higher risk of admission to critical care, receiving mechanical ventilation or mortality in those
admitted to hospital with COVID-19. However, the risk of all outcomes was greatest in those of
black ethnicity with obesity.

How might your results change the direction of research or the focus of clinical practice?
Black ethnic groups with obesity represent a particularly high-risk group of patients with
implications for targeted public health and vaccination strategies and for identifying those most
likely to suffer severe outcomes once admitted to hospital.
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Objective: To investigate the association of obesity with in-hospital COVID-19 outcomes in different
ethnic groups.
Methods: Patients admitted to hospital with COVID-19 in the United Kingdom through the Clinical
Characterisation Protocol UK (CCP-UK) developed by the International Severe Acute Respiratory and
emerging Infections Consortium (ISARIC) were included from 6th February to 12th October 2020. Ethnicity
was classified as: white, South Asian, black and other minority ethnic groups. Outcomes were admission
to critical care, mechanical ventilation and in-hospital mortality, adjusted for age, sex and chronic
diseases.
Results: 54,254 (age = 76 years; 45.0% women) white, 3,728 (57 years; 41.1%) South Asian, 2,523 (58
years; 44.9%) black and 5,427 (61 years; 40.8%) other ethnicities were included. Obesity was associated
with all outcomes in all ethnic groups, with associations strongest for black ethnicities. When stratified by
ethnicity and obesity status, the OR for admission to critical care, mechanical ventilation and mortality in
black ethnicities with obesity were 3.91 (3.13, 4.88), 5.03 (3.94, 6.63), 1.93 (1.49, 2.51) respectively,
compared to white ethnicities without obesity.
Conclusions: Obesity was associated with an elevated risk of in-hospital COVID-19 outcomes in all ethnic
groups, with associations strongest in black ethnicities.
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INTRODUCTION
Obesity and ethnicity are well described risk factors for COVID-19 outcomes (1-7). People of South Asian
or black ethnic origin, in particular, have been shown to carry a higher risk of infection, severe disease and
COVID-19 mortality compared to those of white backgrounds (1-5). In addition, subjects with obesity have
around twice the risk of severe outcomes or mortality compared to normal weight individuals (6,7).
However, whilst obesity and ethnicity have been shown to be independent of each other as risk factors
for COVID-19 outcomes, less in known about whether ethnicity acts to modify the strength of association
observed with obesity or whether the risk remains consistent across different ethnic groups.
The hypothesis that ethnicity may modify associations between obesity and COVID-19 outcomes is drawn
from previous research, suggesting that the dose-repose relationship between levels of obesity and
cardiometabolic health is steeper in minority ethnic communities compared to white populations: indeed,
the higher the BMI, the greater the difference in health outcomes between minority ethnic groups and
white Europeans (9-12). As cardiometabolic diseases are known risk factors for COVID-19 outcomes (1316), it is possible that obesity may also act as a particularly important risk factor for severe COVID-19
outcomes in minority ethnic communities. Early research supported this hypothesis, where the risk of
SARS-CoV-2 infection, severe disease and COVID-19 mortality in minority ethnic communities has been
shown to be magnified in the presence of obesity (17,18), although this has not been confirmed in all
studies (19). However, evidence to date is preliminary and based on small cohorts with a limited number
of outcomes, with minority ethnic groups analysed as one category. As minority ethnic groups cover
heterogeneous populations, it remains uncertain whether associations between obesity and COVID-19
outcomes differ in all minority ethnic groups or how they apply to national in-hospital settings.
Investigating whether obesity is a stronger risk factor for in-patient outcomes in specific minority ethnic
groups will help inform public health and vaccination strategies aimed at identifying and targeting
patients at greatest risk along with informing in-hospital clinical decision making. In this view, we
investigated associations of obesity and ethnicity with in-hospital critical care and mortality outcomes in
patients admitted with COVID-19 using data from the Clinical Characterisation Protocol UK (CCP-UK), a
preparedness protocol for severe emerging diseases developed by the International Severe Acute
Respiratory and emerging Infections Consortium (ISARIC) cohort (20). Previous ISARIC CCP-UK publications
have helped characterise in-hospital patients admitted with COVID-19 (21), and shown a greater risk of inhospital outcomes with both obesity and ethnicity (21, 22) during early phases of the pandemic. Having
previously established independent associations, this paper investigates their interaction.
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Ramadan and COVID-19
vaccine hesitancy—a call
for action
The Islamic month of fasting, Ramadan,
begins around April 12, 2021. In 2020,
Ramadan coincided with the beginning
of the COVID-19 pandemic, moving
what is a month of communal prayers
and social gatherings into the era of
virtual prayers. 2021 brings further
challenges with ongoing virtual
prayers and a global vaccination
programme. For 1·9 billion Muslims
worldwide, Ramadan coinciding with
the vaccination programmes crucially
means that their vaccinations might
be offered during this time. With
ongoing concerns of vaccine hesitancy
among minority ethnic populations,1
could Ramadan impede successful
vaccination roll-out?
Ramadan fasts require Muslims to
abstain from food and drink during
daylight hours (exemptions include illhealth). Fasting during Ramadan also
requires “refraining from anything
entering the body cavities”.2 Although
for most people, this term applies only
to nutrition or medicine entering the
gastrointestinal tract or brain, some
reluctance to receiving vaccinations is
anticipated during Ramadan.
To date, there is little global
information surrounding vaccination
hesitancy during this Islamic month
of fasting; historically, vaccination
programmes have not been rolled
out with such urgency. During the
west African Ebola epidemic, a study3
in Guinea showed a high overall
acceptability of vaccination during
Ramadan by Muslim scholars (80%),
but a significantly lower acceptance in
the general Muslim population (40%).
Furthermore, a boycott of the polio
vaccination campaign in three states
in Nigeria following misinformation was resolved when Nigerian
religious leaders received assurance
about vaccine safety, subsequently
confirming its acceptability to the
communities.4

Growing concerns around uptake
of the COVID-19 vaccine during
Ramadan are focused on whether
the injection invalidates the fast, any
possible side-effects, and whether
people have to break the fast.
Therefore, there is an urgent need
for a global call for action to reduce
vaccine hesitancy.
The public and health-care professionals need to be made aware of the
announcements by Muslim scholars
advising that the COVID-19 vaccine is
permissible during Ramadan, without
invalidating the fast. The statement,
made in March, 2021, from the
president of Two Holy Mosques in
Saudi Arabia, should allay any religious
concerns.5
Ebola and polio vaccination programmes highlight the key role that
religious leaders play in promoting
acceptability and education of their
communities towards vaccination
during Ramadan. Religious leaders
should use Friday prayer sermons to
promote the acceptance of vaccines,
dispelling myths with worshippers.
Despite these efforts, some people
still do not wish to be vaccinated
during fasting hours. A solution to
this problem would be to extend
vaccination times outside of fasts,
such as during special Ramadan
nightly prayers, Taraweeh. Using
mosques as vaccination sites would
allow vaccinations to occur during
Ramadan, including in non-fasting
hours. Concerns about vaccine-related
side-effects and requiring to break the
fast should be addressed and weighed
against the serious morbidity related
to COVID-19. Vaccinations are the
greatest tool to aid the world back to
normality, and to the gradual return
of celebrating festivals and future
Ramadans.
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Institutional racism and
national lockdowns
Soham Bandyopadhyay 1 claimed
that the UK Government’s national lockdown, announced in
November, 2020, to control COVID-19,
was an institutionally racist policy.
Claims of institutional racism are serious
allegations and thus warrant critical
appraisal. I therefore raise three points.
First, Bandyopadhyay claims that,
through these restrictions, the UK
Government prevented a large
proportion of minority ethnic university
students from visiting home. This
assessment is an incomplete and
unfair representation of the policy,
which prohibited all students living
at universities, regardless of ethnicity,
from travelling during lockdown.2 This
policy probably had deleterious effects
1444

on the mental health and wellbeing
of all students, regardless of ethnicity,
and irrespective of their reasons for
travelling home. There is no evidence to
suggest that students who specifically
celebrate Diwali were intentionally
targeted in a policy designed to contain
an ongoing pandemic.
Second, Bandyopadhyay claims
that limitations on the movements of
minority ethnic students were imposed
to protect the Christmas period. No
evidence is provided to support this
claim; yet malicious intent on the
part of the UK Government is clearly
implied. It is, however, more probable
that the urgency and severity of
lockdown restrictions were in response
to an out-of-control pandemic that
threatened to collapse the UK health
system. Their relationship to university
term times, and the proximity of
Christmas, is irrelevant, coincidental,
and void of discriminatory intent.
Finally, Christmas Day is one of
numerous public holidays available to
all UK citizens. It is not restricted to those
affiliated with Christianity, and there is
no requirement for religious observance.
Instead, families and friends use the
day to gather and celebrate their importance to one another. The inclusion
of all people in this public holiday,
without exception, and regardless of
religious affiliation, strengthens its
importance and deepens its meaning.
Prime Minister Boris Johnson’s statement that, “by taking tough action
now, we can allow families across the
country to be together [at Christmas],”3
was in reference to all families. As
such, this statement was intended
to bolster public motivation for lockdown adherence and not to impose
discriminatory policy.
It seems to me that Bandyopadhyay’s
argument is weak and unfounded. At
best, it is simply an unhelpful opinion.
At worst, it represents a dangerous
trend towards locating institutional
racism where it might not exist.
Great solidarity is required during the
COVID-19 pandemic; everyone must
take responsibility.
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Reading Soham Bandyopadhyay’s
Correspondence,1 we find it unfortunate
that lockdown measures are viewed
with religious and racist sentiments
amid a pandemic. Bandyopadhyay
seems to have unilaterally misinterpreted the UK Government’s advice
on returning home for Christmas, which
to many people in the UK simply means
a holiday period. It would be incorrect
to drag minority ethnic and religious
beliefs into this policy.
In 2020, spending Diwali in
lockdown with restrictions could have
saved hundreds, if not thousands,
of lives, especially considering that
Black, Asian, and minority ethnic
people have a higher mortality rate
following COVID-19 infection, as
Bandyopadhyay rightly pointed
out. In India, the vibrant festivities
of Ganesha Chaturthi and Dussehra
were celebrated in different phases of
lockdown. Diwali was also celebrated
under severe restrictions, with the fear
it could turn into a superspreading
event. Several Muslim countries,
including the United Arab Emirates and
Kuwait, introduced strict public policies
for celebration of Eid-Al-Fitr to raise
awareness and discourage irresponsible behaviour. In the UK, Christmas
was celebrated with restrictions on
families and other households mixing.2
Festivities and markets across the UK,
events families look forward to and
cherish, were cancelled.
Approximately 60% of the UK
population is Christian. Hindus, Sikhs,
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