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Abstract

This study investigated the extent to which ethnic inequalities in severe COVID-19 (i.e. hospitalization or deaths)
are mediated through occupational risk differences. We used a population-based cohort study linking the 2011
Scottish Census to health records. We included all individuals aged 30-64 years and living in Scotland on 1 March
2020. The study period was from 1 March 2020 to 17 April 2022. Self-reported ethnicity was taken from the
Census. We derived occupational risk of SARS-COV-2 infection using the 3-digit Standard Occupational
Classification (50C2010). We estimated hazard ratios (HRs) of total effects and controlled direct effects of eth-
nicity on severe COVID-19 mediated by occupational risk using marginal structural Cox models and subsequent
proportional change. For aggregated ethnic groups, Non-White groups experienced a higher risk of severe
COVID-19 (HR 1.6; 95% Cl 1.4-1.8) compared to White group (all White ethnic groups) which increased to
(1.7; 1.4-2.1) after accounting for occupational risk, representing a 6.0% change. For disaggregated ethnic
groups, risks for South Asian (2.0; 1.8-2.3), African, Caribbean, or Black (1.3; 0.9-1.7) and Other ethnic groups
(1.1; 0.9-1.3) were higher compared to White Scottish. After accounting for occupational risk, estimated risk of
severe COVID-19 remained elevated for South Asian (1.8; 1.2-2.3), African Caribbean or Black (1.4; 0.8-2.1) and
Other ethnic group (1.7; 1.1-2.3) representing a reduction of 11.8% and increases of 16.4% and 59.0%, respect-
ively. Our findings suggest that ethnic inequalities in severe COVID-19 were impacted by differences in occu-
pational risk.

Introduction

M inority ethnic groups had disproportionate risk of SARS-CoV-
2 infections and severe COVID-19 outcomes (hospitalization
and deaths) in Scotland [1]. There is also well-documented evidence
suggesting an association between occupation and the risk of SARS-
CoV-2 transmission in UK [2-4]. However, little is known about the
extent to which occupation explains, or mediates, ethnic inequalities
in COVID-19 outcomes.

Current evidence suggests that determinants of occupational
risk of SARS-CoV-2 infection depend on the number, frequency,
duration, and proximity of infected individuals [5, 6]. Across the
UK, occupations that were categorized as essential workers such
as healthcare, education, and social care had particularly high
SARS-CoV-2 infection rates [7-9]. This was mostly driven by
an increased risk of exposure to SARS-CoV-2 infection [10] and
close proximity to others since it was not possible for them to
work from home [11]. For example, in 2020, essential workers in
England and Wales had consistently higher all-cause monthly ex-
cess mortality of 50% or more, compared to other occupations,
with healthcare workers affected worse compared to education
and social care [4].

The UK minority ethnic groups (which are often categorized as
Black, Asian, Mixed, and Other by the national statistical agency)
are disproportionately represented in health and social care sectors
at 14% compared to the average workforce of 12% [12]; making
them potentially more susceptible to SARS-CoV-2 infections [2,
13] and subsequent severe COVID-19. This is further exacerbated
by structural and institutional racism faced by minority ethnic
groups which often leads to discriminatory tendencies such as being
provided with inadequate personal protective equipment (PPE) [14,
15]. Considering the established associations between severe
COVID-19 and both ethnicity and occupation, we can hypothesize
that occupation mediates the relationship between ethnicity and
severe COVID-19 outcomes. Given the substantial heterogeneity
between minority ethnic groups, such mediation is likely to differ
across ethnic groups. However, the occupation pathway linking
ethnicity to COVID-19 outcomes is likely to be confounded
or modified by other social determinants, such as education,
which cannot be controlled for using traditional multivariable
adjustments [16].

Therefore, this study aimed to examine the extent to which the
risk of severe COVID-19 across ethnic groups in Scotland is medi-
ated by occupation risk using marginal structural Cox models, a
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class of causal mediation models which can account for these com-
plex confounding structures.

Methods
Study design and population

Data from the Early Pandemic Evaluation and Enhanced
Surveillance of COVID-19 (EAVE II) study [17] were linked to
the 2011 Scottish Census [18]. For this study, we included all indi-
viduals who were alive, aged 30-64 years on Ist March 2020 (i.e.
were of working age during Census 2011) and residents of Scotland
(17, 18]. The study period was from March 1, 2020 (date of first
COVID-19 case in Scotland) to 17 April 2022.

The EAVE-II study includes ~99% of the Scottish population and
comprises primary care, testing, vaccination, hospitalization, and
mortality data [17]. These data are linked together using the
Community Health Index (CHI), a unique numeric identifier used
by NHS Scotland within health records, which records registrations
and de-registration with primary and secondary care services [18].
SARS-CoV-2 testing data were taken from the Electronic
Communication of Surveillance in Scotland, morbidity and mortal-
ity data from Scottish Morbidity Record (SMR) and National
Records of Scotland (NRS) datasets, respectively.

The 2011 Scottish Census took place on 27 March, and achieved
an estimated response rate of 94% among an estimated population
of 5.3 million individuals [1]. Ethnic classification was based on 16
groups, with the Non White ethnic groups constituting 3.4% of the
Scottish population. The approximate linkage rate of 2011 Census to
the EAVE-II study datasets was 94% [1]. We restricted our analysis
to those individuals who were aged 30-64years as of 1st March
2020, since they were of working age both in 2020 and 2011 when
occupation data were collected.

Outcome

The primary outcome was COVID-19 related hospitalization or
death, combined to represent severe COVID-19. A COVID-19
related hospitalization was defined based on the International
Classification of Diseases (ICD) 10 code (U07.1 and U07.2) listed
in any diagnostic position or a hospitalization where the individual
had a positive reverse transcription polymerase chain reaction (RT-
PCR) test for SARS-CoV-2 in the 28 days prior to admission [19]. A
COVID-19 related death was defined as either a death where U07.1
and U07.2 were recorded as the primary or secondary causes of
death, or any death where the individual had a positive RT-PCR
test for SARS-CoV-2 infection in the 28 days prior to death.

Exposure

Self-reported ethnicity was obtained from the 2011 Scottish Census.
We aggregated 16 categories into two different ethnic classifications
to counter the low number of COVID-19 hospitalization and deaths:
(i) White vs Non White, and (ii) White Scottish, Other White
British or Irish, Other White, South Asian, African or Caribbean
or Black, and Other (Supplementary Table S1).

Mediator

Occupation risk was the mediating pathway considered. We classi-
fied occupation into four categories based on the potential risk of
exposure to SARS-CoV-2: Low, medium, high, and economically
inactive, based on the 2011 Scottish Census 3-digit Standard
Occupational Classification (SOC2010). Assignment of SOC codes
to each risk level were done independently by five authors (E.K.,
RM.,, A.P,, ED,, and S.V.K.) by considering the reported COVID-19
risks by occupations and workplaces in UK [9]. Where there was
no clear consensus, authors held discussions and agreed on the

appropriate risk level. The list of occupations categorized into dif-
ferent risk levels are included in Supplementary Table S2.

Confounders

Covariates included were sex (male vs female), age (continuous:
30-64 years), and health board (14 regions), all measured in 2020,
taken from health records. Intermediate confounders were Scottish
Index of Multiple Deprivation quintiles (1 =most deprived to
5=least deprived) measured in 2020 (from health records), and
education (non-degree and degree) measured in 2011 (in the
Census). The hypothesized causal structure between ethnicity, oc-
cupation, confounders, and severe COVID-19 is presented in Fig. 1.

For sensitivity analyses, we also considered additional intermedi-
ate confounders: housing tenure (i.e. owned outright, owned with
mortgage, social rented, private rented, and communal established),
number of cars (i.e. 0,1, 2, and 3) and hours worked (i.e. 0, 1, 2, 3, 4);
these were all measured in 2011. These intermediate confounders
are both marginally and conditionally related with other variables in
the directed acyclic graph (DAG) and the resulting sensitivity
weights will be used to explore the extent at which they influence
estimated effects. The causal structure for this is presented in
Supplementary Fig. S1.

Statistical analysis

We first described (with frequencies and percentages) the analysis
sample.

We used marginal structural models (MSM) to estimate total ef-
fect (TE)—parameter estimate for ethnicity when severe COVID-19
is regressed on ethnicity and controlled direct effect (CDE)—
parameter estimate for the ethnicity variable when severe COVID-19
is regressed on ethnicity and occupation [20-22]. We created two
sets of inverse probability weights (IPW): (i) an exposure (i.e. eth-
nicity) IPW which accounts for covariates to create a pseudo popu-
lation in which measured covariates are not associated with
exposure, (ii) a mediator (i.e. occupation) IPW and this addresses
the mediator-outcome relationship. For binary exposures (i.e. White
vs Non White) we used logistic regression to estimate the IPW while
for multicategory exposure and mediator variables, we used multi-
nomial regression. Specifically, to estimate exposure weights we
adjusted for sex, age, and health board. For mediator weights, we
controlled for ethnicity, sex, age, health board, area deprivation, and
education. Additionally, we included tenure and number of cars in
estimating mediator weights for sensitivity weights. To improve pre-
cision of the estimated TE and CDE, extreme IPW values were
truncated (i.e. stabilized) to have a mean of near one and a moderate
range [23]. This is despite the possibility of increasing residual con-
founding due to truncation [21, 23]. Truncated exposure and me-
diator weights were then multiplied to obtain a final weight.
Summary of weights for aggregated and disaggregated ethnicities
are presented in Supplementary Tables S3 and S4.

TE and CDE were estimated using Cox proportional hazard (PH)
regression [24], adjusting only for covariates for doubly robustness
[25]. Intermediate confounders were not adjusted for as they lie on
the causal pathway between ethnicity and severe COVID-19. To
estimate TE, the model was weighted with the exposure weights
only, while the final weights were used in CDE model, which also
adjusted for the mediator. The TE and CDE were estimated under
the following assumptions: (i) positivity (i.e. data were available for
all conditions), (ii) no-unmeasured exposure-outcome or mediator-
outcome confounding, (iii) consistency, and (iv) treatment variation
irrelevance [22, 23, 26]. Details about these assumptions can be
found in [22, 27].

We also computed proportion change (PC) of the ethnicity effects
on severe COVID-19 if differences in occupation risk were elimi-
nated by dividing the difference between TE and CDE by TE (i.e.
(TE — CDE)/TE — 1) on the risk difference scale. We used a Monte
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Figure 1. DAG summarizing the relationship between ethnicity, occupation, confounders, and COVID-19 outcomes.

Carlo approach to estimate confidence intervals for the PC. This
involved sampling 1000 times from the distribution of the relative
parameters (coefficients and variances/covariances) to derive the PC
measure and taking the 2.5 and 97.5 percentiles of the distribution as
its lower and upper confidence intervals, respectively. All analyses
were done using R Statistical software (version 4.2.0) [28]
with exposure and mediator IPW estimated using the “weightit” R
package [29].

Results

Table 1 shows the baseline characteristics of 2064982 individuals
aged 30-64 years as of 1st March 2020 by ethnicity. For aggregated
ethnicity, the White group were the majority (96.6%) with only 3.4%
being Non White. For disaggregated ethnicity, White Scottish
(84.6%) were the majority, followed by White British or Irish
(8.6%), Other White (3.4%), South Asian (1.5%), Other (1.3%),
and African, Caribbean or Black (0.5%). The proportion of Non
White (0.7%) experiencing COVID-19 hospitalization or death
was higher than White (0.5%) ethnicity. For the disaggregated eth-
nicity variable, the proportion experiencing severe COVID-19 was
highest for the South Asian (0.9%), followed by White Scottish and
African, Caribbean, or Black (0.6%), Other (0.5%), and lowest
among White British or Irish and Other White (0.3%) ethnicities.

Most individuals in the White group were in low risk occupations
(44.4%) compared to 28.2% in the Non White group, whereas 14%
in the Non White group were economically inactive compared to
2.8% in the White group. There were similar distributions in the
medium and high risk categories. For disaggregated ethnicity, the
proportion of individuals engaged in high risk occupations was
highest for African, Caribbean, or Black (27.2%), followed by
White British or Irish (22.8%), White Scottish (18.6%), Other
(18.2%), South Asian (15.2%), and Other White (14.0%).
Economic inactivity was highest among South Asian (15.2%), fol-
lowed by Other (14.1%), African, Caribbean, or Black (10.6%),
Other White (3.5%), White Scottish (2.8%), and Other White
British or Irish (1.7%).

Table 2 shows the effect estimates (TE, CDE and PC) for both
aggregated and disaggregated ethnicities with corresponding

summary statistics of IPWs presented in Supplementary Tables S5
and S6. For aggregated ethnicity, the Non White ethnic group had
60% higher risk of COVID-19 hospitalization or deaths TE: hazard
ratio (HR 1.6; 95% CI 1.4-1.8) compared to the White group. After
accounting for occupational risk, the TE increased slightly to (1.7;
1.4-2.1). This corresponds to an estimated increase in ethnic
inequalities in COVID-19 hospitalization or death of 6% if differ-
ences in occupational risk exposure were eliminated. Sensitivity
analyses conducted to explore inclusion of other intermediate con-
founders (i.e. tenure and number of cars) (Supplementary Table S7)
were similar to those obtained in Table 2. We excluded the variable
“number of hours” in the model because it was highly correlated
with occupational risk, and this resulted in multicollinearity.
However, we observed an estimated reduction in severe COVID-
19 by 5% for the Non White ethnic group in models not adjusted for
confounders to achieve double robustness (Supplementary Table
$8). This demonstrates the necessity of undertaking doubly robust
analysis to obtain unbiased estimates of ethnicity.

For disaggregated ethnicity, Table 2 shows that the White British
or Irish and Other White ethnic groups were 31% and 14% less
likely to experience severe COVID-19 compared to White
Scottish, respectively. After accounting for occupation, the risk for
White British or Irish increased slightly to (0.7; 0.6-0.8) represent-
ing an increase of 5.7%; and decreased to (0.7; 0.5-0.9) for Other
White accounting for 19.0% reduction. On the other hand, South
Asian (2.0; 1.8-2.3) and African, Caribbean, or Black (1.3; 0.9-1.7)
had increased risk of COVID-19 hospitalization or death compared
to White Scottish. Eliminating occupation risk differences, the South
Asian (1.8; 1.2-2.3), African, Caribbean, or Black (1.4; 0.8-2.1) and
Other ethnic group (1.1; 0.9-2.3) had an elevated risk of severe
COVID-19 compared to White Scottish. This represented an in-
crease in severe COVID-19 of 16.4% for African, Caribbean, or
Black and 59.0% for Other ethnic group; and a reduction of 11.8%
for South Asian if ethnicity differences in occupational risk
were eliminated.

Sensitivity analyses that explored inclusion of other intermediate
confounders (i.e. tenure and number of cars) and non-doubly ro-
bustness resulted in estimates similar to those obtained in Table 2
(Supplementary Tables S7 and S8).
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Table 2. Total effects (TE), controlled direct effects (CDE), and percentage change (PR) in relative inequalities in COVID 19 hospitalization
or death according to both aggregated and disaggregated ethnicity if differences in occupation risk were eliminated

Variable Category (reference) TEs (Model 1)® HR (95% CI) CDEs (Model 2)® HR (95% CI) Percentage change Estimate (95% CI)
Aggregated ethnicity White (ref) 1.00 1.00

Non-White 1.57 (1.45-1.76) 1.69 (1.35-2.13) -6.12 (-6.21 to 6.03)
Disaggregated ethnicity White Scottish (Ref) 1.00 1.00

White British or Irish 0.69 (0.63-0.75) 0.73 (0.62-0.84) -5.70 (-5.12 to 0.29)

Other White 0.86 (0.75-0.97) 0.68 (0.50-0.86) 19.00 (18.04 to 19.90)

South Asian 2.02 (1.75-2.29) 1.75 (1.19-2.31) 11.78 (10.70 to 13.80)

African, Caribbean, or Black 1.33 (0.93-1.73) 1.44 (0.82-2.06) -16.39 (-19.00 to —13.80)

Other 1.09 (0.85-1.33) 1.68 (1.10-2.26) -59.01 (-31.31 to -56.71)

a: Adjusted for confounders (i.e. age, sex, and health board) for doubly robustness.
b: Adjusted for occupation risk and confounders (i.e. age, sex, and health board) for doubly robustness.

Discussion

Consistent with previous studies, we have found evidence of an
increased risk of severe COVID-19 among minority ethnic groups
compared to White majority [1, 30]. We found that this inequality
increased (by 6%) once differences in occupation risk exposure were
eliminated. For disaggregated ethnic groups, we estimated that up to
19% and 12% of ethnic inequalities in severe COVID-19 among
Other White and South Asian groups would be reduced if differ-
ences in occupation risk were eliminated. On the other hand, we
found that ethnic inequalities in severe COVID-19 among the White
British or Irish, African, Caribbean, or Black and Other increased by
5%, 16%, and 59%, respectively, if all differences in occupational risk
were eliminated. This study suggests that intervening on occupa-
tional risk exposure will lead to a reduction of severe COVID-19
among South Asian compared to White Scottish. It is important to
note that interventions targeting occupational risks among disad-
vantaged ethnic groups (e.g. South Asian workers) may also result to
better health outcomes for other groups employed in the same
occupations.

The mixed mediating effect of occupational risk among minority
ethnic groups in Scotland indicates the need for targeted rather than
universal preventive interventions. These differences arise from the
types of high-risk occupations commonly held by minority ethnic
groups. For example, the 2011 Scottish Census data shows a larger
proportion of African individuals were employed in caring, leisure
and other service occupations; while Pakistani individuals (subset of
South Asian group) were predominantly engaged in self-employed
sales and customer service roles, each of which presents distinct
exposures to COVID-19 risks [31]. Additionally, some minority
ethnic groups in the UK, particularly Pakistani and Bangladeshi
populations, are more prone to severe underlying health conditions
and are more likely to live in multigenerational households, factors
that may have compounded their risk of hospitalization or death
from COVID-19 [32, 33].

This will help avoid a situation where certain occupational inter-
ventions may lead to an increase in ethnic inequalities among cer-
tain groups if applied universally. Therefore, targeted interventions
such as providing PPE designed with ethnic minorities features on
mind (e.g. facial dimension features in the case of face masks) [34],
initiating structural changes aimed at promoting social justice and
racial equity in workplaces [15, 35], increasing opportunities to work
from home [11], and income security [36] can lead to reduced eth-
nic inequalities mediated by occupation. Moreover, since occupa-
tional risk differences were also observed among majority
populations (e.g. White Scottish vs White British or Irish), improv-
ing working conditions for those worse affected such as South Asian
group, could contribute to broader reductions in occupational risk-
induced social inequalities in general population.

The fact we categorized occupations based on perceived average
risk may have impacted the overall results since different

occupations experienced varying levels of risks across different
waves during the pandemic [3]. For example, healthcare workers
experienced elevated risks at the start of the pandemic which
reduced over time while education workers faced persistent risks
throughout the pandemic [3]. Moreover, occupational risk of severe
COVID-19 associated with each occupation varied across the pan-
demic due to different levels of exposure to SARS-CoV-2 infection
based on lockdown measures at each time and PPE provided. We
combined some minority ethnic groups into broad groups to over-
come the issue of fewer or no COVID-19 related hospitalizations or
deaths. However, this may have contributed to mixed risks of severe
COVID-19 among minority ethnic groups because important differ-
ences exist within these ethnic categorizations [1]. Moreover, con-
sidering ethnicity is a complex social construct, grouping individuals
into this broad ethnic groups may have masked important differ-
ences that would have allowed for more disaggregated estimations
[37]. This explains why adjusting for occupational risk leads to a
higher risk in some ethnic groups compared to others due to dif-
ferential vulnerability of the COVID-19 among individual ethnic
groups which complicates interpretation of the obtained result.

The analysis data only contained people aged 30-64 years who
were enumerated during the 2011 Scottish Census and recorded in
the CHI register as of 1st March 2020. Therefore, this analysis
excluded everyone who was 29 years or younger as of March 2020,
an estimated 6% of people who were living in Scotland but did not
take part in 2011 Census, respondents who could not be linked to
the EAVE-II data, and people who have emigrated to Scotland since
2011. Therefore, these results may not fully capture the extent to
which occupational risks mediated ethnic inequalities in COVID-19
among minority ethnic groups. For example, newly immigrated
individuals, who predominantly belong to minority ethnic groups,
are more likely to work in high-risk exposure occupations [38].
Moreover, they often face structural barriers to accessing healthcare,
such as language difficulties and limited eligibility for economic
support benefits [38]. However, overall findings aligned with other
studies demonstrating that minority ethnic groups and migrants
were disproportionately represented in high-risk occupations lead-
ing to greater exposure and infection rates of COVID-19 compared
to majority groups [39].

The assumptions that MSM models used in our analyses were
correctly specified, and that consistency assumption holds (i.e. eth-
nicity and occupation have the same effect on severe COVID-19 for
everyone, despite how everyone’s ethnicity and occupations were
defined) are difficult to ascertain [40, 41]. We also assumed that
individuals held the same occupations in 2020 as recorded in
Census 2011. Therefore, any changes in occupations between 2011
and 2020 are likely to have led to biased estimates. Moreover, we
assumed there were no differences in occupational risk in jobs with-
in the same SOC code. This is not always the case. For example, both
a surgeon and a veterinarian doctor are in the same healthcare
professionals SOC code, but they experienced different risks of
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SARS-COV-2 exposure. Also, categorizations of occupations based
on susceptibility to COVID-19 by authors may have substantially
changed the results despite their efforts to reduce this by having
each risk level classification done independently. In addition, con-
founders derived from Census data, such as education, may have
changed over time, particularly among the youngest age groups
which may have led to biased estimates. However, newer data are
not available. Finally, use of IPW does not address unmeasured
confounding. For example, unmeasured confounders such as clinical
and lifestyle factors may potentially confound the association be-
tween ethnicity and COVID-19 risk.

Despite these limitations, this study highlights the potential role
of occupation in shaping ethnic inequalities during COVID-19 pan-
demic. In summary, considering the level of occupational risk to
COVID-19 increased the risk of severe COVID-19 among some
minority ethnic groups, intervening on occupations with higher
risk of exposure may reduce the ethnic inequalities in fu-
ture pandemics.
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Key points

o Ethnic inequalities increased by 6% among minority ethnic
groups compared to White majority once differences in
occupation risk exposure were eliminated.

o For disaggregated ethnicity, ethnic inequalities in severe
COVID-19 among the White British or Irish, African,
Caribbean, or Black and Other increased by 5%, 16%, and
59%, respectively, if all differences in occupational risk were
eliminated. However, up to 19% and 12% of ethnic inequalities
in severe COVID-19 among Other White and South Asian
groups would be reduced if differences in occupation risk
were eliminated.

o The mixed mediating effect of occupational risk among
minority ethnic groups in Scotland indicates the need for
targeted rather than universal preventive interventions.
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