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Abstract
Introduction

Occupations vary with respect to workplace factors that influence exposure to COVID-19, such as
ventilation, social contacts and protective equipment. Variations between women and men may arise
because they have different occupational roles or behavioural responses. We estimate occupational
differences in COVID-19 hospital admission and mortality risks by sex.

Methods

We combined individual-level data from 2011 Census with (i) health records and (ii) household-level
information from residential identifiers. We used data for a cohort of 1.7 million Scottish adults aged
40-64 years between 1 March 2020 and 31 January 2021. We estimated age-standardised COVID-19
hospital admission and mortality rates, stratified by sex and occupation. Using Cox proportional
hazards models, we estimated COVID-19 hospital admission and death risks, adjusting for relevant
factors.

Results

Generally, women had lower age-standardised COVID-19 hospital admission and mortality rates
compared to men. Among women, adjusted death risks were lower for health professionals, and those
in associate professional and technical occupations (paramedics and medical technicians). Among
men, elevated adjusted admission and death risks were observed for large vehicle and taxi drivers.
Additionally, admission risks remained high among men working in caring personal services, including
home and care workers, while elevated risks were observed among women working in customer
service occupations (call centre operators) and as process, plant and machine operatives
(assemblers/sorters).

Conclusion

Occupational differences in COVID-19 hospital admission and mortality risks between women and men
highlight the need to account for sex differences when developing interventions to reduce infections
among vulnerable occupational groups.
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Introduction

The COVID-19 pandemic had starkly unequal effects on working-age women and men, with evidence
suggesting higher rates of severe COVID-19 outcomes, including hospitalisation and mortality,
among men [1]. While infection rates were elevated among women of working age compared to
those of younger and retirement ages [2, 3], women, in contrast to men, appeared relatively
protected from more adverse health consequences, potentially due to differing biological responses.
Disparities in severe COVID-19 outcomes have been linked to different biological markers

underpinning sex-based immune responses to viral infection [4, 5].

Beyond biological factors, socio-economic and behavioural characteristics likely influence the
unequal distribution of severe COVID-19 outcomes between women and men, with occupation and
workplace settings playing a crucial role in shaping exposure and transmission [6]. Key occupational
exposure factors include the frequency of contacts with other people, the physical proximity and
ability to maintain social distance, the physical work environment (whether indoors or outdoors),
and the availability of appropriate protective equipment [7]. According to one US study, women
tend to be employed in more contact-intensive occupations with a higher degree of physical
proximity to others [8]. These roles are concentrated in the service sector, including health and
social care, food preparation and education, where essential and/or frontline occupations are over
represented [9]. Men, on the other hand, tend to be employed in production occupations in the
construction and manufacturing sectors with a lower degree of contact intensity [8]. A recent study
of England and Wales found that workplace contacts partially accounted for the increased COVID-19
infection risks for workers in healthcare professions, as well as indoor trade, process and plant
occupations. These occupational groups also had a higher risk of working in poorly ventilated

workplaces, highlighting the role played by occupational factors in viral exposure [10].
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Some occupational groups may not only be at increased risk of exposure, but also increased risk of

adverse outcomes. Population-based studies from the UK have found higher COVID-19 mortality

risks among male taxi and cab drivers, and among female health and social care professional

occupations [11, 12] although, in the latter group, the risks were attenuated after the first pandemic

wave [13]. A similar temporal pattern was reported by a case-control study in Scotland which found

a higher risk of both hospital admission and severe COVID-19, including mortality, among healthcare

workers and their household’s members [14].

Behavioural factors are potentially another important driver of occupational and gender disparities
in COVID-19 outcomes. Factors may include risk-taking behaviour, compliance with preventive
measures (e.g. hygiene practices, mask wearing and use of protective equipment), and
seeking/receiving health care. An international study conducted during the first pandemic wave
found that women were more likely to perceive COVID-19 as a serious health problem and to comply
with government-imposed restriction measures [15]. Conversely, men are generally more likely to
engage in high-risk and health-damaging behaviours, including smoking and excessive alcohol
consumption [16]. Men are also less likely to seek/receive health care, potentially resulting in delays

in treatment for severe disease and leading to more severe outcomes [17].

Occupational disparities in COVID-19 outcomes are also associated with household circumstances
and pre-pandemic health conditions. People with lower-paid, lower-skilled and more precarious jobs
are more likely to live in overcrowded accommodations and co-reside with younger adults or
children, increasing the exposure risks to viral transmission. They are also more likely to have
comorbid conditions, including cardiovascular disease, diabetes, cancer, respiratory problems, liver
disease, and renal disease [17]. Many of these conditions have been associated with increased risks

of COVID-19 mortality in England [18]. Another English study found that living in a multigenerational
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household was associated with an elevated risk of COVID-19 mortality among older adults from

ethnic minority groups, including women [19].

Occupational differences in COVID-19 outcomes for working-age women and men are likely driven
by occupational and wider socio-economic, including household factors. It is important to
understand the relative contribution of each to inform future interventions. In this study, we
leveraged a novel Scottish data collection, described in the “Data and study population” section. We
aimed to investigate how occupational differences in COVID-19 admissions and mortality differ
across women and men between 1 March 2020 and 31 January 2021, using Cox proportional hazards

models and adjusting for socio-economic and pre-pandemic health factors.

Methods

Data and study population

We used a large data collection covering the population of Scotland. This combined (i) individual-
level demographic and socio-economic information from 2011 Census; (ii) household-level
information from Ordnance Survey’s residential identifiers; (iii) occupational exposure measures
from Occupational Information Network (O*NET) survey data; and (iv) electronic health information
on mortality, hospitalisation, laboratory testing and primary care records from Public Health
Scotland’s (PHS) COVID-19 Research Database [20]. The data collection is part of a wider study
investigating social risk factors for COVID-19 in Scotland [21], which was established as part of the

Scottish Data and Intelligence Network [22] to inform the government’s response to the pandemic.

The Scottish population spine includes all individuals registered with a General Practice, who have
received a unique Community Health Index (CHI) number. We restrict our study to those in the 2011
Census with linkable records to the population spine. The Census provides occupation as recorded in

2011, which we use as a measure of likely occupation in 2020/21. We exclude those who died or left
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Scotland before 1 March 2020 (date of the first confirmed positive COVID-19 case in Scotland). The
population spine (CHI register) provides the latest address notified to the General Practice. The
address text was used to attach a household identifier, derived from Ordnance Survey’s Unique
Property Reference Numbers (UPRNSs), through an innovative residential linkage tool [23]. Following
subsequent linkage to electronic health records from Public Health Scotland’s COVID-19 Research
Database, data were available for 4.9 million people (approximately 90% of the Scottish population
[24]). The population of interest was those aged 40-64 years on 1 March 2020. From the initial study

population, we excluded those aged under 40 or above 64 years, yielding a cohort of approximately

1.7 million individuals (Fig. 1).

Individuals in the population spine enumerated in 2011 Census and with a household
identifier (UPRN), excluding those who died or migrated before 1 March 2020
(n=4,892,660)

Excluded individuals aged
_________ p | under 40 or above 64 years
(n=3,191,990)

Individuals aged 40-64 years included in the study population
(n=1,700,670)

Individuals admitted to hospital Individuals died for
for COVID-19 COVID-19 related cause
(n=5,960) (n=760)

Fig. 1 Flow chart representing the selection process for the study population

@ Reported figures are rounded to the nearest 10.
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Outcomes

The outcomes of interest were time to first COVID-19 hospital admission and death. Hospital
admission was identified using International Classification of Diseases 10™ edition (ICD-10) codes for
confirmed (U07.1) or suspected COVID-19 (U07.2) as primary or secondary cause, or an admission
occurring within 14 days from a laboratory-confirmed COVID-19 infection. Death was defined using
ICD-10 codes for confirmed or suspected COVID-19 (primary or secondary cause), reported on death

certificates and identified within 28 days of a laboratory-confirmed COVID-19 infection. These

outcome definitions are in line with those used in Scottish official statistics [25].

Exposure

We constructed a measure of occupation using the UK Standard Occupational Classification (SOC)
2010 reported in 2011 Census [26], capturing the occupational structure and skill levels required to
perform a role. We identified 26 occupational groups by combining different levels of the
hierarchical classification, ranging from major groups at the highest level (one-digit codes) to more
detailed unit groups (four-digit codes) (Supplementary Table 1). The selected occupational groups
enabled us to identify specific occupations which were shown to be at high risk of COVID-19
outcomes (taxi drivers, social care and health care workers), while allowing for comparison with

previous studies [11-14].

Some discrepancies may arise between the occupational information reported in 2011 Census and
actual occupation in March 2020. Note that individuals may have experienced job displacement
during the COVID-19 pandemic. Since both add noise to our measure, estimates of the relationships
between occupation and COVID-19 risks should therefore be regarded as lower limits. Previous
studies have shown that women experienced greater job losses than men [8]. Using data from the
UK Household Longitudinal Study (UKHLS) [27], we computed the proportion of men and women

aged 40-64 years who retained the same occupation between 2011 and 2020 using major group
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occupations. For women, proportions varied between 40.8% among managers, directors and senior

officials and 74.1% among workers in caring, leisure and other service occupations. For men,

proportions varied between 38.8% among those employed in sales and customer service

occupations and 72% among process, plant and machine operatives (Supplementary Table 2).

Despite the limited disaggregation possible with the UKHLS, the descriptive statistics suggests that

the occupational information in 2011 Census is relatively stable over time.

Covariates

Covariates used in the statistical analysis were characteristics that may be associated with both
occupation and COVID-19 hospital admission and mortality risks (Supplementary Table 3). Some
characteristics may act as either potential confounders or mediators, but it is difficult to separate
them out due to data limitations. Socio-demographic characteristics were age and sex derived from
the CHI register, and ethnicity taken from 2011 Census. For household-level characteristics, we
included housing tenure, reported in 2011 Census, and household size, whether the household
included children, and whether the household included multiple generations based on people’s age
cohort, constructed from household identifiers based on UPRN. We also included occupational
exposure information from three score measures assessing the frequency of exposure to
disease/infection, the extent of physical proximity to others, and the frequency of working in
environmentally-controlled indoor settings. Score measures were sourced from US survey data from
Occupational Information Network (O*NET) [28], mapped onto UK SOC 2010 codes, via ISCO-08
codes, and then standardised using a procedure described by Office for National Statistics [29].
Health-related characteristics included whether individuals had a learning disability/difficulty
recorded in 2011 Census, and whether they were shielding (to minimise physical contacts with
others) due to underlying vulnerable conditions (PHS shielding patient list dataset) (Supplementary
Table 4). Pre-pandemic health conditions were derived from cluster variables based on Read codes

recorded in primary care data from PHS COVID-19 Research Database. Cancer and
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immunosuppression, cardiovascular conditions, diabetes, hypertension, respiratory conditions, and

other conditions were considered factors likely to heighten severe COVID-19 risks based on existing

studies [18, 30] (Supplementary Table 5).

Statistical analysis

We summarised the individual- and household-level characteristics for the total population and for
those who were first admitted to hospital and died for COVID-19. We reported baseline
characteristics for the covariates of interest using counts and percentages. We also calculated
annualised age-standardised COVID-19 hospital admission and mortality rates per 100,000 persons
for each occupational group. Rates were estimated separately for women and men, using a direct
method and standardised to the 2013 European Standard Population [31]. Confidence intervals were
calculated using the method proposed by Dobson et al. [32] accounting for the small number of
observed events. Estimates were produced using ‘distrate’ command [33, 34] in Stata/MP 16

(StataCorp LP, College Station, Texas).

We modelled the time to COVID-19 hospital admission and death, separately for women and men,
using Cox proportional hazards models. Hazard ratios were interpreted as the rate at which an event
of interest occurs in one group relative to the rate at which it occurs in a reference group over time.
We estimated a set of nested models to adjust for potential confounders. First, we adjusted for
individual-level socio-demographic factors including age and ethnicity. We used a restricted cubic
spline to model the non-linear association between age and COVID-19 outcomes. We then included
household-level characteristics and measures of occupational exposure that are likely to confound
the relationship between workplace factors and COVID-19 admission and death. In the last model,
we further adjusted for confounders such as disability and health-related factors including whether
the person had a learning disability/difficulty or whether shielding, and pre-pandemic health

conditions. Model fit was assessed using Akaike Information Criterion (AIC) and Bayesian
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Information Criterion (BIC) statistics. Analyses were conducted in the Scottish National Safe Haven

using Stata/MP 16 and R (version 3.6.1).

Results

The study population covered 1,700,670 Scottish adults aged 40-64 years, who were observed
between 1 March 2020 and 31 January 2021. The mean age was 52.4 years (standard deviation (SD)
7.0) and 50.6% of adults were women. Individuals were followed up for 1,514,189 person-years until
first COVID-19 admission to hospital, 1,561,010 person-years until COVID-19 death, or the end of
follow-up period on 31 January 2021. Among 5,960 COVID-19 admissions, the median follow-up time
was 232 days (95% confidence interval (Cl) 228-233); COVID-19 admissions were more likely to occur
among men (52.7%) and older individuals (mean age 54.7 years (SD 6.4)). Among the 760 COVID-19
deaths, the median follow-up time was 248 days (95%Cl 237-253), with 460 deaths (60.5%) occurring
among men and a mean age of 57.2 years (SD 5.8). Additional baseline characteristics of the

population, overall and by outcome of interest are described in Table 1.

Table 2 shows annualised age-standardised COVID-19 hospital admission and death rates for women
and men aged 40-64 years. Generally, women had lower age-standardised rates (ASRs) than men
across both outcomes. For women, the highest ASRs for COVID-19 admissions (highlighted in bold)
were observed among those working in caring personal services, including nursing assistants and
ambulance staff (excluding paramedics), with 599.7 admissions (95%Cl 499.0-714.1) per 100,000
persons, and process, plant and machine operatives in the food, drink and tobacco industry
(assemblers/sorters), with 576.8 admissions (95%Cl 426.9-645.0). For men, the highest ASRs for
COVID-19 admissions were observed among taxi and cab drivers, with 949.8 admissions per 100,000
persons (95%Cl 763.8-1164.6), followed by workers in caring personal services, with 916.2
admissions (95%Cl 663.0-1231.7) per 100,000 persons. For both women and men, the lowest (or

second-lowest) rates (highlighted in white, grey cells) were observed among professionals in science,

10
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Table 1 Characteristics of the study population and those who were admitted to hospital or died for
a COVID-19 cause

COVID-19
hospital COVID-19
Population @ admissions 2 deaths ?
(n=1,700,670) (n=5,960) (n=760)
Characteristics N % n % n %
Sex:
Women 859,800 50.56 2,820 47.32 300 39.47
Men 840,870 49.44 3,140 52.68 460 60.53
Age(years) b 52.40 7.00 54.70 6.40 57.20 5.80
Ethnicity:
Non-white 195,810 11.51 770 12.92 90 11.84
White 1,504,860 88.49 5,190 87.08 670 88.16
Occupation (SOC 2010 codes):
1 - Managers, directors and senior officials 136,730 8.04 460 7.72 50 6.58
2 - Professional occupations 118,250 6.95 190 3.19 20 2.63
22 - Health professionals 74,150 4.36 310 5.20 10 1.32
24 - Business, media and public service
professionals 65,340 3.84 120 2.01 10 1.32
3 - Associate professional and technical
occupations 76,370 4.49 190 3.19 20 2.63
33 - Protective service occupations 26,910 1.58 100 1.68 10 1.32
35 - Business and public service associate
professionals 88,630 5.21 170 2.85 20 2.63
41 - Administrative occupations 138,500 8.14 390 6.54 50 6.58
42 - Secretarial and related occupations 40,180 2.36 120 2.01 10 1.32
5 - Skilled trades occupations 90,400 5.32 290 4.87 30 3.95
53 - Skilled construction and building trades 60,580 3.56 220 3.69 30 3.95
543 - Food preparation and hospitality trades 29,060 1.71 110 1.85 20 2.63
6 - Caring, leisure and other service occupations 70,140 4.12 230 3.86 20 2.63
614 - Caring personal services 28,470 1.67 180 3.02 10 1.32
6145 - Care workers and home workers 52,310 3.08 300 5.03 30 3.95
71 - Sales occupations 87,000 5.12 320 5.37 50 6.58
72 - Customer service occupations 26,820 1.58 120 2.01 10 1.32
81 - Process, plant and machine operatives 41,230 2.42 180 3.02 30 3.95
811 - Process plant operatives 19,940 1.17 90 1.51 20 2.63
82 - Transport and mobile machine drivers and
operatives 40,830 2.40 210 3.52 30 3.95
8211 - Large goods vehicle drivers 17,040 1.00 90 1.51 20 2.63
8214 - Taxi and cab drivers and chauffeurs 12,170 0.72 110 1.85 20 2.63
9 - Elementary occupations 59,540 3.50 240 4.03 40 5.26
91 - Elementary trades and related occupations 34,600 2.03 130 2.18 30 3.95
927 - Other elementary services occupations 38,440 2.26 160 2.68 20 2.63
9233 - Cleaners and domestics 41,680 2.45 200 3.36 30 3.95
No code required 185,360 10.90 730 12.25 120 15.79
Housing tenure:
Owned outright 226,160  13.30 600 10.07 80 10.53
Owned with mortgage 897,530 52.78 2,960 49.66 300 39.47
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Social rented 282,060 16.59 1,520 25.50 260 34.21

Private rented 138,700 8.16 380 6.38 50 6.58

Owned/not known 156,220 9.19 500 8.39 70 9.21
Household size:

1-2 people 779,040 45.81 2,860 47.99 420 55.26

3-4 people 720,230 4235 2,310 38.76 220  28.95

5-6 people 160,170 9.42 540 9.06 40 5.26

7+ people 41,230 2.42 250 4.19 80 10.53
Household with children:

No children 1,300,090 76.45 4,920 82.55 690 90.79

At least one child 0-11 years 187,120 11.00 440 7.38 30 3.95

At least one child 12-17 years 213,460 12.55 600 10.07 40 5.26
Whether multigenerational household:

Yes 141,970 8.35 530 8.89 640 84.21

No 1,558,700 91.65 5,430 91.11 120 15.79
Occupational exposure measures °:

Exposure to disease 0.30 0.30 0.30 0.30 0.30 0.30

Proximity to others 0.60 0.20 0.60 0.30 0.50 0.30

Environmentally controlled indoor conditions 0.70 0.30 0.60 0.30 0.60 0.30
Learning disability or difficulty:

Yes 31,770 1.87 210 3.52 50 6.58

No 1,518,930 89.31 5,310 89.09 660 86.84

Not known 149,970 8.82 440 7.38 50 6.58
Whether shielding:

Yes 39,100 2.30 630 10.57 150 19.74

No 1,661,570 97.70 5,330 89.43 610 80.26

Pre-pandemic health conditions
Cancer and immunosuppression:

Yes 23,960 1.41 190 3.19 30 3.95

No 1,676,710 98.59 5,770 96.81 730  96.05
Cardiovascular conditions:

Yes 118,880 6.99 960 16.11 190 25.00

No 1,581,790 93.01 5,000 83.89 570  75.00
Diabetes:

Yes 104,150 6.12 1,130 18.96 200 26.32

No 1,596,520 93.88 4,830 81.04 560 73.68
Hypertension:

Yes 241,210 14.18 1,590 26.68 230 30.26

No 1,459,460 85.82 4,370 73.32 530 69.74
Respiratory conditions:

Yes 246,490 1449 1,420 23.83 210 27.63

No 1,454,180 85.51 4,540 76.17 550 72.37
Other conditions:

Yes 308,710 18.15 1,650 27.68 270  35.53

No 1,391,960 81.85 4,310 72.32 490 64.47

@ Hospital admissions and deaths occurring between 1 March 2020 and 31 January 2021; reported figures are
rounded to the nearest 10.
b Mean and standard deviation are reported.
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research, engineering, and technology, and in teaching and education, with 150.9 admissions (95%ClI

120.4-186.8) among women and 190.4 admissions (95%Cl 155.7-230.6) among men.

The ASRs for COVID-19 mortality show a steeper occupational gradient compared to the ASRs for
hospital admission. Among women, those working in elementary trades and related occupations
(packers and canners) recorded the highest ASR of 127.6 (95%Cl 55.6-246.7) COVID-19 deaths per
100,000 persons, while business and public service associate professionals, including those in the
transport and legal administration sectors, had the lowest ASRs with 7.9 (95%Cl 1.6-23.1) deaths per
100,000 persons. For men, the highest ASR was 149 (95%Cl 76.8-260.4) deaths per 100,000 persons
among those working in other elementary services occupations (kitchen assistants and waiters),
while one of the lowest ASRs of 21.1 (95%Cl 10.9-36.8) deaths was recorded among those in

professional occupations.

On average the relative difference in the risks of COVID-19 hospital admission between the
occupational groups of interest and managers, directors and senior officials (reference category)
decreased after adjusting for confounding factors for both women and men (Fig. 2; Supplementary
Table 6 for full-model details). However, for some occupational groups, risks remained significantly
higher relative to the reference category. For example, in the fully-adjusted model for women, those
working in customer service occupations had a hazard ratio (HR) of 1.61 (95%Cl 1.22-2.11) compared
to 1.93 (95%Cl 1.47-2.54) in the baseline model adjusting for age and ethnicity. An elevated risk also
remained for process, plant and machine operatives (assemblers/sorters) with HR of 1.49 (95%Cl
1.05-2.11). Among men, higher risks were observed among taxi and cab drivers (HR 1.84, 95%Cl
1.42-2.40), those working in caring personal services (ambulance staff) (HR 1.57, 95%Cl 1.11-2.22),

and care and home workers (HR 1.38, 95%Cl 1.00-1.91).
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Table 2 Annualised age-standardised rates (ASR) for COVID-19 hospital admissions and deaths per 100,000 persons aged 40-64 years in Scotland, by
occupation and sex

COVID-19 hospital admissions @

COVID-19 deaths @

SocC Women Men Women Men

2010 (n=2820) (n=3140) (n=300) (n=460)

code  Occupation ASR (95%Cl) ® ASR (95%Cl) ® ASR (95%Cl) ® ASR (95%Cl) ®

1 Managers, directors and senior officials 255.6 (214.2-302.6) 382.6 (340.5-428.3) 29.4 (16.8-47.9) 40.8 (28.2-57.1)
2 Professional occupations

22 Health professionals 433.9 (380.8-492.2) 511.6 (392.8-654.7) 19.5(9.7-34.9)

24 Business, media and public service professionals -

3 Associate professional and technical occupations 218.6 (172.6-272.9) 325.0(268.7-389.5) 43.7 (25.0-71.0)
33 Protective service occupations - 457.6 (368.3-561.8) - 51.6 (25.4-92.9)
35 Business and public service associate professionals 35.9 (20.5-58.4)
41 Administrative occupations 277.8 (246.5-311.9) 371.4 (302.4-451.4) 30.2 (20.7-42.5) 62.6 (37.0-99.1)
42 Secretarial and related occupations 303.0 (247.8-366.4) - 29.5(14.7-52.4) -

5 Skilled trades occupations 226.1(127.2-368.6) 327.1(288.7-369.2) 34.8 (1.8-132.8) 33.0(22.1-47.4)
53 Skilled construction and building trades - 369.8 (322.0-422.6) - 52.4 (35.7-74.1)
543 Food preparation and hospitality trades 346.2 (251.9-463.7) 451.7 (349.8-573.9) 28.0(7.6-71.7) 76.4 (38.0-137.0)
6 Caring, leisure and other service occupations 327.7 (281.8-378.9) 472.9 (345.9-630.5) 18.8 (8.9-34.7) 64.5 (22.7-142.4)
614 Caring personal services 599.7 (499.0-714.1) 916.2 (663.0-1231.7) 42.4(19.1-79.9) 45.1 (3.9-167.6)
6145  Care workers and home workers 566.4 (494.9-645.0) 736.1 (553.3-959.2) 60.5 (39.6-88.3) 59.9 (19.5-139.8)
71 Sales occupations 365.3 (320.3-414.8) 477.6 (378.9-593.9) 50.9 (35.4-70.8) 84.8 (46.2-142.4)
72 Customer service occupations 499.9 (398.6-619.0) 457.8 (315.9-641.1) 41.3 (16.6-85.2) 54.3 (14.7-139.4)
81 Process, plant and machine operatives 576.8 (426.9-759.7) 392.2 (324.7-469.4) 108.6 (57.6-186.2) 54.4 (31.4-87.6)
811 Process plant operatives 440.3 (299.2-622.6) 411.6 (305.6-542.3) 40.9 (11.1-104.9) 84.4 (42.1-151.2)
82 Transport and mobile machine drivers and operatives 336.3 (159.5-621.4) 498.4 (428.8-575.9) 31.3(0.8-174.2) 60.8 (38.8-90.5)
8211  Large goods vehicle drivers - 501.2 (392.5-628.9) - 95.7 (56.2-151.9)
8214  Taxiand cab drivers and chauffeurs - 949.8 (763.8-1164.6) - 132.9 (79.4-208.5)
9 Elementary occupations 310.7 (225.4-416.7) 441.5 (381.1-508.6) 77.0 (39.3-135.3) 64.2 (42.9-92.3)
91 Elementary trades and related occupations 418.8 (282.1-596.9) 377.2 (306.4-459.3) 127.6 (55.6-246.7) 67.2 (39.7-106.3)
927 Other elementary services occupations 403.3 (331.9-485.5) 605.7 (447.6-801.4) 33.5(16.1-61.7) 149.0 (76.8-260.4)
9233  Cleaners and domestics 452.4 (385.8-526.9) 342.9 (205.2-537.2) 56.9 (36.3-85.0) 74.1 (19.7-190.9)

2 Hospital admissions and deaths occurring between 1 March 2020 and 31 January 2021. ® 95% Confidence Intervals (Cl) calculated using the Dobson method [32] are

reported; ASRs are standardised to the 2013 European Standard population using the direct method, and annualised; estimates are not reported if there were less than 10
admissions or deaths; for each sex the three highest ASRs are highlighted in bold and the three lowest ASRs are highlighted in white (grey cells).
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Occupation code A Women B Men
Professional cccupations - 27 v _
Health professionals - 22 1 _’_ —— —°_—,_5__
Business, media and public service professionals - 24 _ —_— :
Associate professional and technical occupations - 31 — i
Protective service occupations - 33 —'—'_e—_
Business and public service associate professionals - 351 plm—r...— _ :
Administrative occupations - 41 _—%T— $
Secretarial and related occupations - 42 :—$: :
Skiled trades occupations - 51 ——’_'_e— ==
Skilled construction and building trades - 53 :3__
Food preparation and hespitality trades - 5431 _’:a— _’_‘—_a—
Caring, leisure and other service occupations - 6 _’:e— —'_._T_
Caring personal services - 614 1 —'_ —— e .
Care workers and home workers - 6145 _'_ —_— _':e—
Sales occupations - 71 _"_—e— —"_—9_
Customer service occupations - 721 G —"'_9—_
Process, plant and machine operatives - 81 —':e— $
Process plant operatives - 811 _'_'——e— $
Transpert and mobile machine drivers and operatives - 82 4':57 _'—_e—
Large goods vehicle drivers - 8211 4 :'—6_
Taxi and cab drivers and chauffeurs - 8214 -
Elementary occupations - 91 _’_'—_e— _’—_e—
Elementary trades and related occupations - 91 1 _"’:e— _—"‘_5—
Other elementary services occupations - 827 4 _’__e_ _'_’__e_
Cleaners and domestics - 9233 1 _’_—e— —'——e—-—
0.3 0.5 1.0 28 730 D3 0.5 1.0 20 30

Hazard ratio (log scale)

Model + Adjusted for age & ethnicity (Model 1) + Fully adjusted (Model 3)

Fig. 2 Hazard ratios for COVID-19 hospital admission for (A) women and (B) men aged 40-64 years in
Scotland

@ Hazard ratios and 95% confidence intervals are displayed on a logarithmic scale; reference category: 1
‘Managers, directors and senior officials’; fully-adjusted model (Model 3) is coloured in black (solid circle) and
appears above Model 1 (grey hollow circle) for each group; fully-adjusted model (Model 3, Supplementary
Table 6) additionally controls for: housing tenure, household size, household with children, whether
multigenerational household, occupational exposure measures, learning disability or difficulty, whether
shielding and pre-pandemic health conditions; hospital admissions occurring between 1 March 2020 and 31
January 2021; data are not reported if there were less than 10 hospital admission events.
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For both women and men, lower COVID-19 admission risks were observed among those in higher
occupational groups, after adjusting for household characteristics and pre-pandemic health
conditions. For example, among professional occupations, women reported an HR of 0.55 (95%Cl
0.41-0.72) compared to 0.58 (95%Cl 0.44-0.76) in the baseline model. The corresponding HRs for
men were 0.52 (95%Cl 0.42-0.65) and 0.49 (95%Cl 0.39-0.61). Lower risks were also observed among
both female and male professionals in business, media and public service (adjusted HR 0.52, 95%Cl

0.36-0.75 and 0.66, 95%Cl 0.52-0.85, respectively) and associate professionals in business and public

service (adjusted HR 0.65, 95%Cl 0.48-0.87 and 0.69, 95%Cl 0.55-0.85, respectively).

More distinct differences between women and men emerged when considering the risk of COVID-19
death (Fig. 3; see Supplementary Table 7 for full model details). Female health professionals
(medical practitioners, nurses and pharmacists) had a lower death risk relative to the reference
group, after adjusting for confounders (HR 0.28, 95%Cl 0.10-0.78). A lower risk was also observed
among women in associate professional and technical occupations, including those working in health
and social care, and in science, engineering and technology (HR 0.24, 95%Cl 0.07-0.78), and those in
caring, leisure and other service occupations (childminders and nursery assistants) (HR 0.36, 95%Cl
0.14-0.92). Conversely, among men, after adjusting for socio-economic and health factors, increased
COVID-19 death risks were displayed by taxi and cab drivers (HR of 3.46, 95%CI 1.74-6.86) and large
goods vehicle drivers (HR 2.69, 95%Cl 1.45-4.99). For the latter group, there was an increase in
COVID-19 death risk compared to the risk recorded in the baseline model (HR 2.34, 95%Cl 1.32-
4.13). Elevated risks were also shown for those working in other elementary services occupations,
including kitchen assistants and waiters, (adjusted HR 2.44, 95%Cl 1.21-4.91) and food, drink and

tobacco process plant operatives (adjusted HR 2.39, 95%Cl 1.16-4.91).
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Health professionals - 22 —e—-—
Business, media and public service professionals - 241 :'e—_'_
Aszsociate professional and technical eccupations - 31 —’—e—— :8:
Protective zervice occupations - 33 :’——
Business and public service associate professionals - 351 —e—': 3:
Administrative occupations - 41 $ :$:
Secretarial and related occupations - 421 :3:
Skilled trades occupations - 51 —_e."—_
Skilled construction and building trades - 53 1 pEe—
Food preparation and hospitality trades - 543 1—5— _'_’—_e—
Caring, leisure and other service occupations - 61 —'—T—-— —’—-—e——
Caring persanal services - 614 —':e—
Care waorkers and home workers - 6145 —’——e— —'—-—e——
Sales occupations - 717 _'—_e— "_—'QT—
Customer service occupations - 721 i —"—e'——
Process, plant and machine operatives - 81 _'—.——9— —e_'_'—_
Process plant operatives - 811 —.—‘—e'—— :'e——
Transpert and mobile machine drivers and operatives - 82 $
Large goods vehicle drivers - 8211 4 s a—
Taxi and cab drivers and chauffeurs - 8214 o
Elementary occupations - 91 _‘_’—_e— _'_—’_e—
Elementary trades and related occupations - 91 _'_’——e— _:«:
Other elementary services occupations - 827 4 _’:..e_ .
Cleaners and domestics - 5233 —":e— —'—-—e——

01 02 05 10 20 40 B0 01 02 05 10 20 40 8.0
Hazard ratio (log scale)

Model + Adjusted for age & ethnicity (Model 1) + Fully adjusted (Model 3)

Fig. 3 Hazard ratios for COVID-19 death for (A) women and (B) men aged 40-64 years in Scotland

@ Hazard ratios and 95% confidence intervals are displayed on a logarithmic scale; reference category: 1
‘Managers, directors and senior officials’; fully-adjusted model (Model 3) is coloured in black (solid circle) and
appears above Model 1 (grey hollow circle) for each group; fully-adjusted model (Model 3, Supplementary
Table 7) additionally controls for: housing tenure, household size, household with children, whether
multigenerational household, occupational exposure measures disease exposure, learning disability or
difficulty, whether shielding and pre-pandemic health conditions; deaths occurring between 1 March 2020 and
31 January 2021; data are not reported if there were less than 10 deaths.
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Discussion

Main results

Drawing on an innovative data collection, using Census, electronic health and residential data, we
estimated COVID-19 hospital admission and death risks for different occupational groups, separately
for women and men aged 40-64 years in Scotland between March 2020 to January 2021, i.e. before
vaccination rollout. Generally, among women we found lower age-standardised COVID-19 admission
and mortality rates. For both outcomes, the distribution of age-standardised rates largely presented
an occupational gradient for both women and men, with lower rates among higher occupational
groups and higher rates among lower occupational groups. Women working as process, plant and
machine operatives (assemblers and sorters), and in elementary trades and related occupations
(packers and canners) had the highest age-standardised mortality rates. Women working in caring
personal services (nursing assistants/ambulance staff) also had high admission rates. Conversely,
men in elementary services occupations (kitchen assistants/waiters), and taxi and cab drivers had
the highest age-standardised mortality rates, with the latter group also having high admission rates.
Previous studies covering a wider population in England and Wales reported similar results for

COVID-19 mortality (11, 35).

Adjusting for socio-economic and pre-pandemic health factors reduced the association between the
risk of COVID-19 hospital admission and death for most occupational groups, compared to the
baseline model adjusting for basic demographic factors. Generally, we observed a similar
occupational gradient for COVID-19 admission risks for women and men. Conversely, for COVID-19
death risks, the occupational gradients were different, with lower death risks among women in
higher occupational groups (health professionals, associate professional and technical occupations,
including paramedics and medical technicians), and higher death risks among men in lower
occupational groups (taxi and large vehicle drivers, other elementary services occupations, including

kitchen assistants and waiters, and food, drink and tobacco process plant operatives). These
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occupational groups may involve higher contact density, poorly ventilated workplaces, inability to

work from home and higher financial strain which, when combined, greatly heighten risks.

Strengths

To our knowledge, this is the first Scottish study to estimate COVID-19 hospital admission and death
risks for detailed occupational groups among women and men, adjusting for a range of potential
confounders. Indeed, it is one of only a few in the UK or elsewhere to combine such a range of socio-
economic, health and household factors. First, we used a novel population-based data collection
combining multiple data sources and covering a population of 1.7 million, which had sufficient
power to identify COVID-19 hospitalisation and mortality risks associated with specific occupational
groups among working-age women and men. Our results are likely to be relevant for other parts of
the UK and other countries. Previous studies have examined these associations for the national
population or in smaller populations [12, 14, 36]; other studies have reported only COVID-19

mortality risks [11, 35].

Second, we leveraged residential identifiers based on Unique Property Reference Numbers to
construct a range of covariates, including household size, whether the household included children,
and whether the household included multiple age-based generations. Household-level measures
based on residential identifiers were used as potential confounders instead of measures based on
2011 Census data. This is considered an improvement compared to existing studies relying on

Census-based measures [11, 19].

Third, in our analysis we adjusted for pre-pandemic health measures which were derived by
combining long-term indicators from 2011 Census (e.g., whether the person had a learning disability
or difficulty) and pre-pandemic health conditions, including cardiovascular conditions, diabetes,

respiratory conditions and cancer/immunosuppression, derived using Read codes from primary care
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records collected from Scottish general practices. It is important to adjust for pre-pandemic health

factors which can act as potential confounder. This was neglected in some studies [13, 36-38].

Limitations

An important limitation of this study is that there may be some discrepancies which come from using
occupational information from 2011 Census, as people may not be employed in the same occupation
in March 2020 and subsequent changes during the pandemic. As a mitigation, we restricted the
study population to those aged 40-64 years where occupational mobility is likely to be lower [11]. To
corroborate this, we used data from the UK Household Longitudinal Study to show that the
proportion of men and women who were in the same occupation between 2011 and 2020 was
relatively high, suggesting that the Census occupation information was sufficiently stable over time.
Our study estimates are largely consistent with both official estimates and other estimates from
population-based studies using linked administrative data [11, 13, 35-37]. The occupational
classification approach used in our study differs from previous investigations [13, 37], as we think it
is important to distinguish between different groups of occupation within broader essential work

clusters. Women and men may differ in the position and roles within the same occupational cluster.

Another limitation derives from the data linkage design. Our initial study population covers
approximately 90% of the Scottish population. The linkage for this study relies on a population spine
covering people who have interacted with the health services and received a Community Health
Index (CHI) number. The population spine may not cover vulnerable population groups (refugees
and migrants) that may be at an increased risk of severe COVID-19. Additional sources of bias derive
from the linkage being conditional on having a valid 2011 Census record or a matched key for a
UPRN residential identifier [23]. Misclassification may also arise due to errors in linked data and the
data-linkage process [39]. We are aware that these sources of bias may affect our estimates but

have insufficient information to ascertain how these differ from population-based estimates.
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Other limitations include the inability to investigate the role of changing restriction policies across
the pandemic waves due to a limited study population. Determining the portion of the effect of
occupation on COVID-19 outcomes attributable to occupational exposure and pre-pandemic health

factors may require a mediation analysis approach which we leave for future research.

Policy implications

Occupational differences in COVID-19 hospital admission and mortality risks between women and
men may be explained by a combination of social, workplace and behavioural factors. These need to
be considered when developing interventions to reduce gender discrepancies in any future COVID-
19 waves or other respiratory epidemics. Enhancing the provision of appropriate protective
equipment and training is required if we want to decrease the gap in adverse health outcomes
between health professionals and those working in caring personal services (care and home
workers). Coordinating social, workplace and behavioural interventions needs to be considered to
reduce the transmission risks among more disadvantaged occupational groups, including taxi and
large vehicle drivers, hospital porters, kitchen assistants and waiters, and workers in the food

processing industry.
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Supplementary material

Table 1 Occupational groups and SOC 2010 codes used in the study, including lower-level
components (unit group, four-digit SOC 2010 codes)

SOC
2010 Lower-level components

Occupational group codes (unit group, four-digit SOC 2010 codes)

Managers, directors and senior officials 1 1115, 1116, 1121-1123, 1131-1136, 1139,
1150, 1161, 1162, 1171-1173, 1181,
1184, 1190, 1211, 1213, 1221, 1223-
1226, 1241, 1242, 1251-1255, 1259

Professional occupations 2 2111-2114, 2119, 2121-2124, 2126, 2127,
2129, 2133-2137, 2139, 2141, 2142,
2150, 2311, 2312, 2314-2319

Health professionals 22 2211-2219, 2221-2223, 2229, 2231, 2232

Business, media and public service professionals 24 2412, 2413, 2419, 2421, 2423-2426,
2429, 2431-2436, 2442-2444, 2449, 2451,
2452, 2461-2463, 2471-2473

Associate professional and technical occupations 3 3111-3116, 3119, 3121, 3122, 3131,
3132,3213, 3216-3219, 3231, 3233-3235,
3239, 3411-3417, 3421, 3422, 3441-3443

Protective service occupations 33 3311-3315, 3319

Business and public service associate professionals 35 3511-3513, 3520, 3531-3539, 3541-3546,
3550, 3561-3565, 3567

Administrative occupations 41 4112-4114, 4121-4124, 4129, 4131-4135,
4138, 4151, 4161, 4162

Secretarial and related occupations 42 4211-4217

Skilled trades occupations 5 5111-5114, 5119, 5211-5216, 5221-5225,
5231, 5232, 5234-5237, 5241,5242,5244,
5245, 5249, 5250, 5411-5414, 5419,
5421-5423, 5441-5443, 5449

Skilled construction and building trades 53 5311-5316, 5319, 5321-5323, 5330,

Food preparation and hospitality trades 543 5431-5436

Caring, leisure and other service occupations 6 6121-6123, 6125, 6126, 6131, 6132,
6139, 6211, 6212, 6214, 6215, 6219,
6221, 6222, 6231, 6232, 6240

Caring personal services 614 6141-6144, 6146-6148

Care workers and home workers 6145 6145

Sales occupations 71 7111-7115,7121-7125, 7129, 7130
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Customer service occupations 72 7211, 7213-7215, 7219, 7220

Process, plant and machine operatives 81 8121-8127, 8129, 8131-8235, 8137, 8139,
8141-8143, 8149

Process plant operatives 811 8111-8119

Transport and mobile machine drivers and 82 8212, 8213, 8215, 8221-8223, 8229,
operatives 8231-8234, 8239

Large goods vehicle drivers 8211 8211

Taxi and cab drivers and chauffeurs 8214 8214

Elementary occupations 9 9211, 9219, 9231-9236, 9239, 9241,

9242, 9249, 9251, 9259, 9260

Elementary trades and related occupations 91 9111,9112,9119, 9120, 9132, 9134, 9139
Other elementary services occupations 927 9271-9275, 9279
Cleaners and domestics 9244 9244
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Table 2 Proportion of adults aged 40-64 years remaining in the same occupation between 2011-13 and 2018-19 in the UK, by major group occupation and
sex

Population @ Women ? Men @
Major group occupation 2011-13 2018-19 row 2011-13 2018-19 row 2011-13 2018-19 row
(one-digit SOC 2010 code) n n % b n n % b n n % P
1 - Managers, directors and senior 169 93 54.98 62 30 40.79 107 63 62.62
officials
2 - Professional occupations 290 202 70.91 152 111 73.18 138 91 68.76
3 - Associate professional and 261 142 54.23 101 52 53.10 160 90 54.82
technical occupations
4 - Administrative and secretarial 133 69 55.53 105 55 54.32 28 14 59.32
occupations
5 - Skilled trades occupations 136 88 61.97 12 7 50.53 124 81 63.18
6 - Caring, leisure and other service 138 91 70.76 119 83 74.09 19 8 46.33
occupations
7 - Sales and customer service 104 55 50.83 73 42 56.59 31 13 38.79
occupations
8 - Process, plant and machine 109 72 68.30 14 6 46.19 95 66 71.97
operatives
9 - Elementary occupations 127 71 60.48 68 38 65.22 59 33 54.87
Overall 1467 883 706 424 761 459

2The population includes all those who were present and employed at both time periods, and who were aged 40-64 years at wave 10, excluding those interviewed in 2020.
bWeighted percentages are reported.
Source: UKLHS wave 3 (2011-2013) and wave 10 (2018-2020).
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Table 3 Covariates included in the statistical analysis
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Variable

Coding/category description

Data source ?

Socio-demographic variables:

Age (years)

Sex

Ethnicity

Restricted cubic spline with three knots (age 42, 53 and 62
years)

Women, Men

Non-White, White

Household-level variables:

Housing tenure

Household size

Household with
children

Whether
multigenerational
household

Owned outright, Owned with mortgage,
Social rented, Private rented, Owned/not known

1-2 people, 3-4 people, 5-6 people, 7+ people

No children, At least one child 0-11 years, At least one
child 12-17 years

Binary (Yes, No) variable identifying household with at
least one person aged 65 or more years and a person at
least 20 years younger

Occupational exposure measures:

Exposure to disease

Proximity to others

Environmentally
controlled indoor
conditions

Standardised score ranging from 0 (lowest frequency of
exposure to disease or infection) to 1 (maximum
frequency of exposure to disease or infection)

Standardised score ranging from 0 (no physical proximity
to others) to 1 (maximum physical proximity to others)

Standardised score ranging from 0 (lowest frequency of
working in environmentally controlled indoor conditions)
to 1 (maximum frequency of working in environmentally
controlled indoor conditions)

Health-related conditions:

Learning disability or

difficulty

Whether shielding

Pre-pandemic health

conditions

Categorical variable (Yes, No, Not known) capturing
whether a person has learning disability (e.g. Down’s
syndrome) or learning difficulty (e.g. dyslexia)

Yes, No

Binary (Yes, No) variables identifying whether a person
has: cancer and immunosuppression, cardiovascular
conditions, diabetes, hypertension, respiratory conditions,
and other conditions

CHI register

CHI register

NRS 2011 Census

NRS 2011 Census

OS UPRN

CHlI register and
OS UPRN

CHI register and
OS UPRN

US DOL ETA O*NET
survey data

US DOL ETA O*NET
survey data

US DOL ETA O*NET
survey data

NRS 2011 Census

PHS Shielding
Patient List

GP cluster data from
PHS COVID-19
Research Database

@ Abbreviations: CHI: Community Health Index; NRS: National Records of Scotland; OS UPRN: Ordnance Survey
Unique Property Reference Number; US DOL ETA: US Department of Labor, Employment and Training
Administration; O*NET: Occupational Information Network; PHS: Public Health Scotland; GP: General
Practitioner.
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Table 4 Description of the groups of people and conditions included in the shielding patient list

No. Group

1. Recipients of solid organ transplant

2. People receiving chemotherapy or antibody treatment for cancer, including immunotherapy

3. People receiving radical radiotherapy for lung cancer

4, People receiving cancer treatments affecting immune system (protein kinase inhibitors or PARP
inhibitors)

5. People with blood or bone marrow cancer (leukemia, lymphoma or myeloma)

6. Recipients of bone marrow or stem cell transplant in past 6 months or taking immunosuppressant
medicine

7. People with severe lung condition (cystic fibrosis, severe asthma or COPD)
People with high risk of getting infections (SCID or sickle cell)
People taking medicine that makes them at higher risk of infections (steroids or immunosuppressant
medicine)

10.  People with serious heart condition or pregnant

11. People with problem with their spleen or spleen has been removed (splenectomy)

12. People with Down's syndrome

13.  Recipient of dialysis or severe long-term kindney disease (stage 5)

Source: Public Health Scotland. Search criteria for highest risk patients for inclusion to the shielding list. 2020.
https://hpspubsrep.blob.core.windows.net/hps-website/nss/3008/documents/1 covid-19-search-criteria-

highest-risk-patients.pdf. Accessed 15 Aug 2023.
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Table 5 Clusters and Read codes used to derive pre-pandemic health conditions from primary care records @

Pre-pandemic health
condition

Cluster code

Cluster description

Read code ®

Cancer and
immunosuppression

Cardiovascular
conditions

Diabetes ¢
Hypertension ¢

Respiratory conditions

EAVE_HAEMAT_MALIGNANCY
EAVE_OTHER_MALIGNANCY
EAVE_IMMUNOSUPPRESSION
EAVE_TRANSPLANT

EAVE_CHRONIC_HEART_DIS

EAVE_STROKE_TIA

EAVE_PER_VASCULAR_DIS

EAVE_DIABETES
EAVE_HYPERTENSION

EAVE_CHRONIC_RESP_DIS

Haematological
malignancies

Other suspected
malignancy
Immunosuppression
Transplantation

Chronic heart disease

Stroke/Transient
Ischaemic Attack (TIA)

Peripheral vascular
disease

Diabetes
Hypertension
Chronic respiratory

disease (including
asthma and Chronic

33

'B6%'
'1J0%' (not 1JOF.)

'PK01.', 'PK06.", 'G74y6', '14N7.", '7840%', 'D4154', 'D4156', '2J30.', '2)31.",
'A788%', A789%', '43C3.', 'AyuC%', 'C332.','C332z', 'C333%', 'D41y1’
'7450%', '7800%", '7830%', '7900%', '7901%', '8C31.'

'33BA.', 'G1%', 'G21%', 'G220.','G222.", 'G23%', 'G3%', 'G41%', 'G54%',
'G55%', 'G58%', 'G5y1.', 'G5y3%', 'G5y4%', 'G5y6.', 'G5y7.", 'G5y8.",
'G5yy2', 'G5yy6', 'G5yy9’, 'G5yyA', 'Gyul%', 'Gyu3%', 'Gyud%', 'Gyus5',
'Gyu56', 'Gyu57', 'Gyu58', 'Gyu59', 'Gyu5A’, 'Gyu5B', 'Gyu5C', 'Gyu5D!,
'Gyu5M’, 'Gyu5N', 'Gyu5P', 'Gyu5Q!, 'Gyu5R’, 'Gyu5S', 'Gyu5T', 'P5%',
'P60%', 'P61%', 'P62%', 'P63%', 'P64%', 'P65%', 'P66%', 'P67%', 'P68%',
'PEW%', 'P6X%', 'P6Y..", 'P6Y0%', 'POY1%', 'P6Y2%', 'P6Y3%', 'P6Y63’,
'Pey64’, 'P6Y6Z', 'POYY%', 'P6Z.., 'P6Z2.", 'P6Z3."

'G61..", 'G610%', 'G611%', 'G612%', 'G613%', 'G614%', 'G615%', 'G616%',
'G618.', 'G61X.", 'G61X0', 'G61X1', 'G61z.", 'G63Y0', 'G63Y1', 'G64%',
'G66%', 'G6760.', 'G6W..", 'G6X..", 'Gyu62’, 'Gyub3', 'Gyub4d’, 'Gyubs’,
'Gyu66', 'GyubC', 'Gyu6bF', 'Gyu6bG', 'G65..", 'G650%', 'G651%', 'G6510',
'G652%', 'G653%', 'G654%', 'G656.', 'G65Y.", 'G652%', 'G6520', 'G6521",
'G65zz', 'F4236', 'Fyu55'

'G73%', 'Gyu74'

'C10%.', 'Cyu2%', 'L1805', 'L1806', 'L1807', 'L180X", 'Lyu29.'

'G2%'

'A115.", '"H3%', 'C370.", 'H40%', 'H41%', 'H42%', 'H43%', 'H44%', 'H45%',
'H46..', 'H460.', 'H460z', 'H464%', 'H462% H47y0', 'H48% Hay%', 'H4z%',

'H5410.', 'H55%', 'H563%', 'H57%', 'H582.', '"H583.', 'H591.', '"H592.",
'H593.', 'Hyu3%', 'Hyu40', 'Hyu41', 'Hyu48', 'Hyu5%', 'Q3170'
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Other conditions EAVE_CHRONIC_LIVER_DIS

EAVE_CHRONIC_PANCREATITIS

EAVE_DEMENTIA

EAVE_DEPRESSION

EAVE_MS_DEGEN_DIS

EAVE_MYONEURAL_DIS

EAVE_RHEUMATOLOGICAL_DIS

Obstructive Pulmonary
Disease (COPD))

Chronic liver disease

Chronic pancreatitis

Dementia

Depression
Multiple sclerosis (MS)

and degenerative
disease

Myoneural disorders

Rheumatological
disorders

'A707%','16...", '161%', '162y.", '162z.", '16353", '16354', 16355', 16356',
'163B.', 'PB61%', 'PB63%', 'PB6Y1, '1623.','1624.", 1625.", 'I63A.", 16617,
"Jyu71', 'SP143'

'1641%', 'lyu84’

'E00%', 'E012.', 'E02y1’, 'E041.", 'EU00%', 'EU01%', 'EU02%', 'EU03%',
'Eu04%'

'E11%', 'E130.", 'E135.", 'E2003', 'E204.", 'E2112', 'E290%", 'E291%', 'E2B%'

'F20%', 'F21%', 'F22%', 'F23%"', 'F24..", 'F240%', 'F241%', 'F242.', 'F24y%',
'F24z.','F2A.., 'F2Az.", 'Fyu9%', 'G669.", 'F1...", 'F10%', 'F11%', 'F12%',
'F13..", 'F130%', 'F1322', 'F134.", 'F135.", 'F1350', 'F135Z', 'F136%"', 'F137.',
'F1370', 'F1371', 'F137y', 'F1372', 'F13A.", 'F13X.", 'F14%', 'F15%', 'F16.."
'F160%', 'F161%"', 'F162.', 'F163.", 'F1631', 'F163zZ', 'F16y%', 'F16z.', 'F17.."
'F174.", 'Fly..", 'Flz..!

'D41y1', 'D41y2', 'F38%', 'Fyu8.', 'Fyu80', 'Fyu83', 'Fyu84’, 'Fyu85'

'N.%'

@ Primary care records covering 940 general practices across Scotland were provided by Albsoft Itd through Public Health Scotland’s COVID-19 Research Database; cluster
codes were developed by the Early Pandemic Evaluation and Enhanced Surveillance of COVID-19 (EAVE Il) research team; additional information can be found at

https://github.com/EAVE-II/EAVE-II-data-dictionary.

bRead codes Version 2 (Scottish edition) are the national coding system in Scottish general practice and primary care for recording clinical information arising from a
patient encounter; more information can be found at https://isd.digital.nhs.uk/trud/user/guest/group/0/home.

¢ This condition does not include patients for whom diabetes was resolved (Read code '21263').

4 This condition does not include patients for whom hypertension was resolved (Read code '21261').
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Table 6 Full Cox proportional hazards models of risk of COVID-19 hospital admission for women and men aged 40-64 years in Scotland ®

Covariate

Model 1

Model 2

Model 3

Women
HR (95%Cl) ®

Men
HR (95%Cl) b

Women
HR (95%Cl) b

Men
HR (95%Cl) b

Women
HR (95%Cl) ®

Men
HR (95%Cl) ®

Age (years; restricted cubic spline):
Age parameter 1

Age parameter 2

Ethnicity (reference category: White):
Not white

1.07 (1.05-1.09)

1.09 (0.90-1.30)

1.09 (1.07-1.10)

1.28 (1.06-1.52)

1.07 (1.05-1.09)

1.72 (1.43-2.06)

Occupation (SOC 2010 codes; reference category: 1 — Managers, directors and senior officials):

2 - Professional occupations
22 - Health professionals

24 - Business, media and public service
professionals

1.63 (1.33-2.01)

3 - Associate professional and technical occupations 0.83 (0.63-1.10)

33 - Protective service occupations

35 - Business and public service associate
professionals
41 - Administrative occupations

42 - Secretarial and related occupations

5 - Skilled trades occupations

53 - Skilled construction and building trades
543 - Food preparation and hospitality trades
6 - Caring, leisure and other service occupations
614 - Caring personal services

6145 - Care workers and home workers

71- Sales occupations

72 - Customer service occupations

81 - Process, plant and machine operatives
811 - Process plant operatives

82 - Transport and mobile machine drivers and
operatives

1.06 (0.87-1.30)
1.13 (0.88-1.45)
0.85 (0.52-1.41)
1.41 (1.01-1.96)
1.25 (1.01-1.56)
2.26 (1.79-2.87)
2.16 (1.75-2.66)
1.43 (1.16-1.76)
1.93 (1.47-2.54)
2.20 (1.61-3.00)
1.72 (1.18-2.51)
1.43 (0.75-2.72)

1.25 (0.95-1.63)

0.86 (0.69-1.06)
1.24 (0.99-1.56)

0.97 (0.78-1.22)
0.87 (0.74-1.03)
0.99 (0.84-1.18)
1.17 (0.90-1.52)
1.21 (0.90-1.64)
2.45 (1.80-3.34)
1.97 (1.48-2.62)
1.27 (0.99-1.62)
1.26 (0.88-1.79)
1.05 (0.85-1.29)
1.13 (0.84-1.52)
1.34 (1.12-1.60)

35

0.91 (0.67-1.22)

1.00 (0.81-1.23)
1.10 (0.86-1.42)
0.79 (0.47-1.34)
1.07 (0.75-1.54)
0.90 (0.68-1.18)
1.13 (0.80-1.58)
1.24 (0.89-1.72)
1.13 (0.89-1.43)
1.72 (1.31-2.27)
1.75 (1.24-2.49)
1.38 (0.91-2.09)
1.02 (0.51-2.03)

1.08 (1.07-1.10)

1.92 (1.63-2.27)

0.85 (0.62-1.15)

0.81 (0.66-1.01)
1.07 (0.82-1.39)

0.95 (0.76-1.19)
0.89 (0.73-1.09)
0.96 (0.76-1.21)
0.95 (0.72-1.27)
1.04 (0.76-1.43)
1.67 (1.18-2.37)
1.49 (1.08-2.06)
1.13 (0.88-1.46)
1.18 (0.83-1.68)
1.02 (0.80-1.29)
1.09 (0.80-1.49)
1.21(0.97-1.51)

1.06 (1.04-1.07)

1.88 (1.57-2.25)

0.92 (0.68-1.24)

1.00 (0.81-1.23)
1.12 (0.88-1.44)
0.75 (0.45-1.28)
0.99 (0.69-1.42)
0.90 (0.68-1.19)
1.07 (0.76-1.51)
1.12 (0.80-1.56)
1.06 (0.84-1.34)
1.61 (1.22-2.11)
1.49 (1.05-2.11)
1.24 (0.82-1.88)
0.92 (0.46-1.83)

1.07 (1.05-1.09)

2.15 (1.84-2.52)

0.87 (0.64-1.18)

0.84 (0.67-1.04)
1.12 (0.87-1.45)

0.94 (0.75-1.18)
0.92 (0.75-1.12
1.01 (0.80-1.27
0.88 (0.66-1.17
1.01 (0.74-1.38
1.57 (1.11-2.22)
1.38 (1.00-1.91)
1.06 (0.83-1.37)
1.09 (0.77-1.56)
1.02 (0.80-1.29)
1.11 (0.82-1.51)
1.16 (0.93-1.45)

)
)
)
)
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8211 - Large goods vehicle drivers -
8214 - Taxi and cab drivers and chauffeurs -
1.21(0.87-1.69)
1.62 (1.10-2.38)
1.56 (1.22-2.00)
1.90 (1.52-2.37)
1.82 (1.43-2.32)
Housing tenure (reference category: Owned outright):

9 - Elementary occupations

91 - Elementary trades and related occupations
927 - Other elementary services occpations
9233 - Cleaners and domestics

No code required

Owned with mortgage

Social rented

Private rented

Other/not known

Household size (UPRN; reference category: 1-2 people):
3-4 people

5-6 people

7+ people

Household with children (UPRN;, reference category: No children):
At least one child (0-11 years)

At least one child (12-17 years)

Whether multigenerational household (UPRN; reference category: No):

Yes

Occupational exposure measures (O*NET scores 0-1):
Exposure to disease

Proximity to others

Environmentally controlled indoor conditions

Learning disability or difficulty (reference category: No):
Yes

Not known

Whether shielding (reference category: No):

Yes

1.29 (1.01-1.63)
2.37 (1.91-2.95)
1.20 (1.00-1.43)
1.03 (0.82-1.29)
1.59 (1.18-2.15)
0.90 (0.57-1.44)
0.94 (0.76-1.16)

Pre-pandemic health conditions (reference category for each covariate: No):
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0.95 (0.67-1.35)
1.22 (0.78-1.91)
1.11 (0.83-1.49)
1.31(1.00-1.73)
2.36 (1.30-4.29)

1.42 (1.24-1.61)
2.15 (1.87-2.48)
1.30 (1.08-1.58)

0.97 (0.89-1.06)
1.06 (0.92-1.23)
1.54 (1.23-1.94)

0.91 (0.77-1.06)
0.93 (0.82-1.06)

1.03 (0.89-1.18)
1.83 (1.44-2.33)

1.75 (1.05-2.94)
0.83 (0.45-1.53)

1.25 (0.97-1.62)
2.04 (1.57-2.65)
1.06 (0.87-1.28)
0.96 (0.73-1.26)
1.32 (0.96-1.81)
0.72 (0.45-1.15)
2.39 (1.67-3.42)

1.47 (1.30-1.66)
1.99 (1.73-2.28)
1.23 (1.03-1.47)

1.11 (1.02-1.20)
1.25 (1.09-1.43)
2.07 (1.72-2.48)

1.06 (0.93-1.21)

1.61 (1.38-1.88)
1.17 (0.81-1.67)
1.09 (0.83-1.45)

0.88 (0.62-1.26)
1.08 (0.69-1.69)
1.02 (0.76-1.37)
1.16 (0.88-1.53)
1.77 (0.98-3.22)

1.34 (1.18-1.53)
1.58 (1.37-1.83)
1.12 (0.93-1.36)
2.39 (1.41-4.02)

1.01 (0.92-1.10)
1.11 (0.96-1.29)
1.51 (1.19-1.90)

0.90 (0.77-1.05)
0.94 (0.82-1.07)

0.99 (0.86-1.14)
1.81 (1.42-2.31)
1.71 (1.03-2.87)

0.81 (0.44-1.50)

1.44 (1.15-1.81)

3.24 (2.86-3.68)

1.24 (0.96-1.61)
1.84 (1.42-2.40)
1.03 (0.85-1.25)
0.94 (0.72-1.24)
1.20 (0.88-1.64)
0.68 (0.42-1.08)
2.20 (1.54-3.13)

1.43 (1.27-1.62)
1.57 (1.37-1.81)
1.11 (0.93-1.33)
1.91 (1.33-2.74)

1.14 (1.05-1.24)

1.27 (1.11-1.46)
1.92 (1.59-2.31)

1.02 (0.90-1.17)
1.67 (1.43-1.95)
1.06 (0.74-1.52)
1.09 (0.82-1.44)

1.42 (1.17-1.72)

3.26 (2.83-3.76)
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Cancer and immunosuppression Yes
Cardiovascular conditions

Diabetes

Hypertension

Respiratory conditions

Other conditions

COVID-19 hospital admissions (n)
Total persons (n)

Total episodes (n)

AIC

BIC

2,820
859,800
937,810
76,175
76,504

3,140
840,870
914,600
84,755
85,095

2,820
859,800
937,810
79,955
76,437

3,140
840,870
914,600
84,435
84,928

1.66 (1.36-2.04)
1.53 (1.36-1.71)
2.25 (2.02-2.51)
1.44 (1.31-1.58)
1.40 (1.28-1.54)
1.36 (1.25-1.47)

2,820
859,800
937,810
74,871
75,471

1.46 (1.18-1.80)
1.58 (1.43-1.73)
2.16 (1.97-2.37)
1.37 (1.26-1.49)
1.16 (1.05-1.28)
1.38 (1.26-1.50)

3,140
840,870
914,600
83,392
83,990

2Hospital admissions occurring between 1 March 2020 and 31 January 2021.
b Hazard Ratios (HR) and 95% Confidence Intervals (Cl) are reported; estimates are not reported if there were less than 10 hospital admissions; HRs above 1 with p < 0.05

are highlighted in bold and HRs below 1 with p < 0.05 are highlighted in white (grey cells).
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Table 7 Full Cox proportional hazards models of risk of COVID-19 related death for women and men aged 40-64 years in Scotland ®

Covariate

Model 1

Model 2

Model 3

Women
HR (95%Cl) b

Men
HR (95%Cl) ®

Women
HR (95%Cl) ®

Men
HR (95%Cl) b

Women
HR (95%Cl) ®

Men
HR (95%Cl) ®

Age (years; restricted cubic spline):

Age parameter 1
Age parameter 2

Ethnicity (reference category: White):

Not white

Occupation (SOC 2010 codes; reference category: 1 — Managers, directors and senior officials):
2 - Professional occupations

22 - Health professionals

24 - Business, media and public service professionals

3 - Associate professional and technical occupations

33 - Protective service occupations

35 - Business and public service associate professionals
41 - Administrative occupations

42 - Secretarial and related occupations

5 - Skilled trades occupations

53 - Skilled construction and building trades

543 - Food preparation and hospitality trades

6 - Caring, leisure and other service occupations

614 - Caring personal services

6145 - Care workers and home workers

71- Sales occupations

72 - Customer service occupations

81 - Process, plant and machine operatives

811 - Process plant operatives

82 - Transport and mobile machine drivers and

operatives

8211 - Large goods vehicle drivers

1.08 (1.02-1.14)
1.02 (0.96-1.08)

0.52 (0.23-1.17)
0.63 (0.29-1.35)

0.37 (0.13-1.12)

1.00 (0.55-1.82)
0.98 (0.46-2.07)
0.82 (0.19-3.55)
1.02 (0.34-3.07)
0.59 (0.27-1.29)
1.32 (0.60-2.90)
2.00 (1.08-3.69)
1.73 (0.96-3.13)
1.42 (0.58-3.44)
3.96 (1.90-8.24)
1.60 (0.54-4.80)
1.22 (0.16-9.17)

1.13 (1.07-1.19)
1.01 (0.96-1.06)

0.53 (0.27-1.01)
0.19 (0.03-1.37
0.68 (0.34-1.38
1.00 (0.61-1.98
1.42 (0.72-2.79
0.89 (0.49-1.61
1.54 (0.87-2.72

—_—— —_— = = —

0.83 (0.51-1.35)
1.29 (0.80-2.08)
2.12 (1.08-4.18)
1.30 (0.55-3.08)
0.92 (0.22-3.83)
1.61 (0.63-4.12)
2.21(1.19-4.12)
1.44 (0.51-4.04)
1.29 (0.72-2.30)
2.19 (1.11-4.30)
1.48 (0.88-2.47)

2.34 (1.32-4.13)
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1.08 (1.02-1.15)
1.01 (0.96-1.07)

1.25 (0.68-2.29)

0.44 (0.19-1.04)

0.30 (0.09-1.02)
0.93 (0.50-1.71)
0.95 (0.45-2.02)
0.67 (0.14-3.13)

0.64 (0.20-2.08)

0.46 (0.15-1.39
0.83 (0.30-2.27
1.19 (0.60-2.37
1.19 (0.49-2.92
2.67 (1.13-6.33)
1.08 (0.32-3.59)
0.66 (0.08-5.70)

)
)
)
)

1.13 (1.07-1.19)
1.01 (0.96-1.06)

0.72 (0.41-1.25)

0.54 (0.28-1.03)
0.14 (0.02-1.08)
0.71(0.35-1.43)
1.03 (0.57-1.89)
1.63 (0.77-3.46)
0.91 (0.51-1.65)
1.45 (0.82-2.58)
1.05 (0.60-1.86)
1.66 (0.89-3.08)
1.56 (0.75-3.26)
1.07 (0.44-2.58)
0.70 (0.16-3.10)
1.36 (0.49-3.80)
1.86 (0.97-3.56)
1.24 (0.44-3.50)
1.43 (0.76-2.70)
2.32(1.13-4.76)
1.61 (0.86-3.02)

2.63 (1.42-4.88)

1.06 (0.99-1.12)
1.01 (0.95-1.06)

1.57 (0.88-2.80)

0.49 (0.21-1.15)

0.31(0.09-1.07
0.94 (0.51-1.73
1.00(0.47-2.12
0.59(0.13-2.75

—_— — —=— ~—

0.57 (0.18-1.82)

0.44 (0.14-1.32)
0.73 (0.27-1.98)
1.09 (0.55-2.15)
1.08 (0.44-2.64)
2.08 (0.88-4.95)
0.92 (0.28-3.07)
0.57 (0.07-4.93)

1.11 (1.05-1.17)
1.00 (0.95-1.05)

1.87 (1.18-2.96)

0.59 (0.30-1.13)
0.15 (0.02-1.11)
0.78 (0.38-1.57)
1.10 (0.60-2.01)
1.79 (0.85-3.78)
0.96 (0.53-1.74)
1.48 (0.83-2.64)
1.12 (0.63-1.97)
1.80 (0.97-3.34)
1.31(0.63-2.73)
1.02 (0.42-2.47)
0.66 (0.15-2.92)

)

)

)

)

1.71(0.89-3.26
1.16 (0.41-3.26
1.45 (0.77-2.74
2.39 (1.16-4.91)
1.60 (0.86-3.00)

(
(
1.26 (0.45-3.51
(
(

2.69 (1.45-4.99)
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8214 - Taxi and cab drivers and chauffeurs -

2.53 (1.20-5.35)
3.65 (1.61-8.26)
1.18 (0.53-2.59)
2.02 (1.07-3.80)
3.78 (1.96-7.27)

9 - Elementary occupations

91 - Elementary trades and related occupations

927 - Other elementary services occupations

9233 - Cleaners and domestics

No code required

Housing tenure (reference category: Owned outright):
Owned with mortgage

Social rented

Private rented

Other/not known

Household size (UPRN; reference category: 1-2 people):
3-4 people

5-6 people

7+ people

Household with children (UPRN;, reference category: No children):

At least one child (0-11 years)

At least one child (12-17 years)

Whether multigenerational household (UPRN; reference category: No):
Yes

Occupational exposure measures (O*NET scores 0-1):

Exposure to disease

Proximity to others

Environmentally controlled indoor conditions

Learning disability or difficulty (reference category: No):

Yes

Not known

Whether shielding (reference category: No):

Yes

Pre-pandemic health conditions (reference category for each covariate: No):

Cancer and immunosuppression

3.48 (1.99-6.08)
1.59 (0.97-2.60)
1.64 (0.93-2.90)
3.90 (2.03-7.52)
1.70 (0.61-4.79)
5.91 (3.61-9.67)
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- 3.77 (1.90-7.48)
1.68 (0.74-3.82) 1.31(0.77-2.22)
2.16 (0.76-6.16) 1.74 (0.87-3.50)
0.67 (0.26-1.70) 2.80 (1.39-5.65)
1.14 (0.53-2.43) 1.22 (0.42-3.52)

3.36 (0.68-16.56) 7.45 (2.93-18.95)

1.19 (0.82-1.75) 1.59 (1.14-2.22)
2.47 (1.67-3.66) 2.93 (2.06-4.18)
1.51(0.87-2.60) 1.79 (1.12-2.84)
0.30 (0.13-0.71) 0.82 (0.41-1.67)

0.74 (0.55-0.98) 0.92 (0.74-1.16)
0.65 (0.36-1.17) 0.95 (0.61-1.47)
3.03 (1.77-5.19) 4.87 (3.37-7.05)

0.61(0.33-1.12)
0.81 (0.49-1.34)

1.91 (1.33-2.74) 1.77 (1.32-2.36)
2.41 (1.22-4.73) 1.40 (0.94-2.10)

2.57 (0.47-14.20) 1.00 (0.36-2.73)
0.70 (0.14-3.56) 2.48 (1.15-5.32)

1.51 (0.66-3.43
1.80 (0.63-5.11
0.59 (0.23-1.49
0.95 (0.44-2.03

—_— —= — —

3.46 (1.74-6.86)
1.30 (0.77-2.20)
1.70 (0.85-3.42)
2.44 (1.21-4.91)
1.09 (0.38-3.13)

2.02 (0.41-10.00) 6.17 (2.47-15.41)

1.12 (0.76-1.63)
1.59 (1.07-2.37)
1.22 (0.71-2.11)
1.27 (0.36-4.46)

0.78 (0.58-1.04)
0.68 (0.38-1.23)
2.84 (1.63-4.96)

0.60 (0.33-1.12)
0.82 (0.50-1.35)

1.80 (1.25-2.60)
2.38 (1.21-4.71)
2.40 (0.44-13.10)

0.66 (0.13-3.42)

2.01 (1.20-3.36)

4.95 (3.57-6.86)

1.66 (0.96-2.87)

1.55 (1.11-2.17)
2.12 (1.48-3.03)
1.50 (0.94-2.40)
3.06 (1.62-5.77)
0.96 (0.77-1.21)
0.94 (0.60-1.46)
3.78 (2.54-5.61)
0.68 (0.44-1.04)
1.65 (1.22-2.23)
1.51 (1.01-2.26)
0.80 (0.30-2.16)

2.47 (1.16-5.29)

1.58 (1.05-2.37)

4.95 (3.68-6.66)

1.49 (0.94-2.38)
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Cardiovascular conditions 1.89 (1.42-2.53) 1.64 (1.31-2.05)

Diabetes 2.98 (2.25-3.95) 2.13 (1.70-2.67)
Hypertension 1.19 (0.91-1.56) 1.19 (0.96-1.47)
Respiratory conditions 1.14 (0.85-1.52) 1.04 (0.81-1.34)
Other conditions 1.45(1.14-1.84) 1.80(1.46-2.21)
COVID-19 deaths (n) 300 460 300 460 300 460

Total persons (n) 859,800 840,870 859,800 840,870 859,800 840,870

AIC 7,968 12,189 7,885 12,031 7,658 11,744

BIC 8,260 12,527 8,328 12,520 8,206 12,338

2Deaths occurring between 1 March 2020 and 31 January 2021.
b Hazard Ratios (HR) and 95% Confidence Intervals (Cl) are reported; estimates are not reported if there were less than 10 deaths; HRs above 1 with p < 0.05 are highlighted
in bold and HRs below 1 with p < 0.05 are highlighted in white (grey cells).
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