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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 COVID-
19 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.
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Introduction

Coronavirus disease-2019 (COVID-19) is an infectious disease
caused 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 else-
where 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 stud-
ies have reported the opposite finding.10 A recent analysis of popu-
lation 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 close-
ly 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 dis-
ease 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 pro-
vided informed consent.
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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
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.

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 ana-
lysed 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 cova-
riates 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 ex-
posure-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 ex-
posure. 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 assump-
tion (ii), traditional confounders such as health behaviour or chron-
ic disease are implausible confounders of deprivation and may
further violate assumption (iv) as both can be argued to be influ-
enced by ethnicity.15,16 Implausibility of confounders for depriv-
ation 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 counter-
factual approach proposed by Vanderweele,20 applied using regres-
sion 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 inter-
action (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 medi-
ator.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 quar-
ter 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 hypothet-
ical 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 de-
privation 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 popula-
tions were considered separately; mortality analysis was not strati-
fied 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 character-
istics. 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 rela-
tive 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
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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
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 pop-
ulations 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 counterfac-
tual 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 inde-
pendent 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 quan-
tify the portion mediated by material deprivation or eliminated if
material deprivation was reduced.

Key strengths of this study are the application of Vanderweele’s four-
way 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 ma-
terial 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 con-
founders 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 be-
tween 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 path-
ways 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

Table 1 Cohort characteristics

White (n 5 392 786) South Asian and Black (n 5 15 044) Total (n 5 407 830)

Age (years) 68.8 (61.2, 74.0) 62.1 (56.3, 69.5) 68.6 (60.9, 73.9)

Women 216 874 (55.2%) 7978 (53.0%) 224 852 (55.1%)

Men 175 912 (44.8%) 7066 (47.0%) 182 978 (44.9%)

Deprivation (Townsend score) �2.3 (�3.7, 0.2) 1.4 (�1.2, 4.1) �2.2 (�3.7, 0.4)

Positive cases 1471 (0.4%) 151 (1.0%) 1622 (0.4%)

Severe disease 895 (0.2%) 91 (0.6%) 986 (0.2%)

COVID-19 mortality 313 (0.1%) 31 (0.2%) 344 (0.1%)

Data as number (%) or median (IQR).

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
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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
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 popu-
lation 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 profes-
sionals. 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 false-
positive, 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 differ-
ences 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 inves-
tigated 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 high-
lights 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.

Supplementary data

Supplementary data are available at EURPUB online.
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