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ARTICLE INFO ABSTRACT

Keywords: Background: Studies on risk factors for severe COVID-19 in people of working age have generally not included
COVID-19 non-working persons or established population attributable fractions (PAFs) for occupational and other factors.
Mortality Objectives: We describe the effect of job-related, sociodemographic, and other exposures on the incidence,

Intensive care
Population study
Occupation
Comorbidity

relative risks and PAFs of severe COVID-19 in individuals aged 18-64.

Methods: We conducted a registry-based study in Swedish citizens aged 18-64 from 1 January 2020 to 1 February
2021 with respect to COVID-19-related hospitalizations and death.

Results: Of 6,205,459 persons, 272,043 (7.5%) were registered as infected, 3399 (0.05%) needed intensive care,
and 620 (0.01%) died, with an estimated case fatality rate of 0.06% over the last 4-month period when testing
was adequate. Non-Nordic origin was associated with a RR for need of intensive care of 3-13, 95%CI 2-91-3-36,
and a PAF of 32-2% after adjustment for age, sex, work, region and comorbidities. In a second model with
occupation as main exposure, and adjusted for age, sex, region, comorbidities and origin, essential workers had
an RR of 1-51, 95%CI, 1-35-1-6, blue-collar workers 1-18, 95%CI 1-06-1-31, school staff 1-21, 95%CI 1-01-1-46,
and health and social care workers 1-89, 95%CI 1-67-2-135) compared with people able to work from home,
with altogether about 13% of the PAF associated with these occupations. Essential workers and blue-collar
workers, but no other job categories had higher risk of death, adjusted RRs of 1-79, 95%CI 1-34-2-38 and
1-37, 95%CI 1-04-1-81, with adjusted PAFs of altogether 9%.

Conclusion: Among people of working age in Sweden, overall mortality and case fatality were low. Occupations
that require physical presence at work were associated with elevated risk of needing intensive care for COVID-19,
with 14% cases attributable to this factor, and 9% of deaths.

* Corresponding author at: Department of Molecular and Clinical Medicine, Institute of Medicine, Sahlgrenska Academy, University of Gothenburg, Gothenburg,
Sweden.
E-mail address: Annika.Rosengren@wlab.gu.se (A. Rosengren).

https://doi.org/10.1016/j.gloepi.2022.100095
Received 6 August 2022; Received in revised form 17 November 2022; Accepted 20 November 2022

Available online 24 November 2022
2590-1133/© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:Annika.Rosengren@wlab.gu.se
www.sciencedirect.com/science/journal/25901133
https://www.sciencedirect.com/journal/global-epidemiology
https://doi.org/10.1016/j.gloepi.2022.100095
https://doi.org/10.1016/j.gloepi.2022.100095
https://doi.org/10.1016/j.gloepi.2022.100095
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gloepi.2022.100095&domain=pdf
http://creativecommons.org/licenses/by/4.0/

A. Rosengren et al.

Introduction

While SARS-CoV-19-2 infection can occur at any age, severe COVID-
19 complications, and death are uncommon or rare among the young or
middle-aged [1]. In an early study [2], only a small proportion of all
COVID-19 deaths in selected locations in Europe, Canada, and the
United States occurred among people <65 years, although this age
group represents most of the population. Still, although absolute risks of
severe COVID-19 and death in the population are low in this age group,
the spread of SARS-CoV-2 during the pandemic has resulted in large
numbers of deaths and hospitalisations among people <65 years [3].

In older persons, comorbidities and need of assisted living (home
care or living in a long-term care facility) play a major role for severe
outcomes, including death, with over 55% of all COVID-19 deaths
among people aged 55 and older in Sweden attributable to assisted
living [4]. Yet, although comparatively healthy younger and middle-
aged adults form a large proportion of hospitalised cases and of those
needing ventilatory support [3] less is known about this group, although
a focus on occupational exposures will automatically target younger
subgroups. In a recent Swedish cohort study, foreign-born workers in
essential occupations had the highest risk for being infected, hospital-
ised, or needing intensive care, while Swedish-born workers in non-
essential occupations had the lowest risk [5]. Still, many severe
COVID-19 cases and deaths in younger age groups will have occurred
among those not working, because of early retirement, unemployment,
and other reasons, with working people likely to be healthier than those
not working. Recently, a Danish study found that socially marginalised
and psychiatrically vulnerable individuals who were infected at a mean
age of 40 years had substantially elevated risks of adverse health out-
comes following SARS-CoV-2 infection compared to infected without
these characteristics [6].

The overall morbidity and mortality risk of COVID-19 attributable to
comorbidities, occupations, and sociodemographic factors have not
been extensively studied among adults <65 years. In particular, the
relative contribution of occupational, health-related, and sociodemo-
graphic factors to severe COVID-19 manifestations expressed as popu-
lation attributable fractions (PAFs) has not been systematically assessed.
Data on PAFs added to estimates of absolute and relative risk are
important to allocate resources and efforts where they will be most
useful. In the present report, we sought to estimate factors of importance
for being seriously ill or die associated with COVID-19 in all Swedish
citizens aged 18-64 years during the first year of the pandemic.

Methods
Data sources

In this population-based cohort study we used data from nationwide
Swedish registries. The Total Population Register held by Statistics
Sweden (SCB) registers all citizens from data kept by the Swedish Tax
Agency and was used to identify all citizens in Sweden alive on 1
January 2020.

Health care in Sweden is organized by the 21 Swedish counties or
regions and is almost exclusively publicly financed, at low cost to the
individual. The Swedish National Board of Health and Welfare (NBHW)
records all hospitalisations, hospital outpatient visits, and deaths in
Sweden in the nationwide Patient and Cause of Death Registers [7,8].
Diagnoses are coded according to the International Classification of
Diseases, 9th revision (ICD-9) (1987-1996) and 10th revision (ICD-10)
from 1997 and onwards. See Supplement p. 2 and tables S1-S2 for the
definition of COVID-19 and other codes used for this study.

Data on admissions into intensive care units (ICU) were collected
through the Swedish Intensive Care Registry (https://www.icuregswe.
org/en/) with complete coverage of all patients with COVID-19 inten-
sive care in Sweden. High-flow oxygen therapy was also administered
through high dependency units not covered by Intensive Care Registry
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and identified through hospital codes; these cases were also defined as
ICU care.

SmiNet, a registry for communicable disease surveillance in Sweden
kept by the Swedish Public Health Agency, stores electronic reports on
positive positive polymerase chain reaction (PCR) tests on COVID-19
infections. PCR testing was restricted during the first months of the
pandemic. Negative tests are not reported.

Care of the elderly is governed by law and carried out by the mu-
nicipalities (lower-level local government entities of which there are
290 in Sweden). The municipality can provide a subsidized home-help
service, sometimes several times per day and at night, if needed, or
provide a place in a long-term care facility. Although care is publicly
financed, many of these facilities are privately owned. The NBHW keeps
a registry of municipal care that registers public and private home care
and care in long-term care facilities [9].

Statistics Sweden keeps registries on education and housing, for
example on living space area, number of persons living in the household,
and population density of residence, with the latter based on different
spatial aggregation scales, with the smallest scale corresponding to
Demographical Statistical Areas (DeSo) zones which are a type of de-
mographic area. Sweden is divided into 5984 DeSo zones of varying size,
where each zone, typically inhabited by 700-2700 people, is encoded
according to its degree of urbanisation (urban, suburban, or rural).

Sweden’s approach to the pandemic

The approach to COVID-19 in Sweden differed from that of other
countries in that there were mostly voluntary restrictions and no formal
lock-down. Early on during the pandemic the Public Health Agency in
Sweden issued a ban on visits to nursing home and on large congrega-
tions, together with recommendations directed to older and to vulner-
able people to avoid face-to-face contacts. Schools up to lower secondary
school (grade7-9) stayed open. Students from upper secondary school
and higher were mainly taught online. There were general recommen-
dations to work from home, if possible.

Study population

All persons registered as living in Sweden aged 18-64 years, alive on
1 January 2020 (59% of the Swedish population aged >18) were
included in the study, except for a small number (<0.5%) with reused
personal identity numbers (PINs).

Definitions

Statistics Sweden provided sociodemographic data updated until
2019. Country of origin was dichotomised into those born in a Nordic
country (Sweden, Denmark, Finland, Iceland, or Norway) and those
born in any other country, representing diverse ethnic groups and na-
tionalities, with Western Asia/Middle East and Eastern Europe being the
most common, followed by East Africa. Data on single countries of origin
are not provided by Statistics Sweden. Additional sociodemographic
variables included housing (m? per habitant, number of people per
household); residing in an urban, suburban, or rural area; population
density of residential area; annual household income divided by the
number of members in the household; formal education defined as
compulsory only (<9 years), mid-range education (10-12 years), or
college/university education.

We defined 11 mutually exclusive individual exposure variables: 1)
university students 2) a reference category comprising all persons in
occupations where it was possible to work from home or with few social
contacts, 3) not working (mostly unemployed or homemaker), 4-7) four
occupational categories (defined below and in table S3), 8) retired, 9)
early retirement for a medical reason, 10) receiving home care, and 11)
living in a long-term care facility. The latter two categories were defined
by data in the registry of municipal care [9].
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Occupation was registered as a four-digit occupational code ac-
cording to the Swedish Standard Occupational Classification (table S3),
which is the Swedish adaptation of the International Standard Classifi-
cation of Occupation (ISCO-08). Two separate groups were defined for
a) school and preschool staff and b) persons employed in health and
social care. Other essential workers were grouped together; among
these, service sector workers, police and security services, postal and
delivery workers, transport workers. Blue-collar occupations not
included among the previously described categories, but which required
people to work on-site formed a separate category.

For individuals without a valid occupational code, we used an in-
come variable (main source of income) to separate those drawing early
statutory pension (available from the age of 62 years) from early
retirement due to a medical reason. Early retirement was defined as
receiving disability benefits because of physician-certified medical rea-
sons. University students most often restricted to online studies during
the pandemic were defined separately by university registration or by
having student loans as their main income source.

Baseline comorbidities (table S1) were collected from the National
Patient Register with very good coverage for major events such as acute
myocardial infarction and stroke, but less so for diagnoses managed in
primary care, if uncomplicated, such as hypertension or diabetes [8].

Outcomes

We defined four outcomes as 1) infection with COVID-19 based on a
positive PCR test, including all cases specified below, 2) severe COVID-
19 defined as any hospitalisation or death with a diagnosis of COVID-19
(ICD-10 code U071 and U072), 3) intensive care related to COVID-19,
and 4) death with a COVID-19 diagnosis as an underlying or contribu-
tory cause of death. To determine death from COVID-19, the underlying
cause had to be related to symptoms or complications associated with
COVID-19 (table S2). We used a prespecified algorithm to exclude
hospitalisations and deaths due to other causes, in which cases a diag-
nosis of COVID-19 was incidental.

Statistical methods

Outcomes were recorded up to 1 February 2021, with comorbidities
and demographic factors recorded until 1 January 2020, to avoid bias
due to added reporting during the pandemic.

Case fatality rates were calculated as the ratio of deaths divided by
cases. Because few PCR tests were carried out during the first wave in the
spring, an unknown number of symptomatic cases could not be identi-
fied. During the second wave, from 1 October 2020 to 1 February 2021,
when testing of all suspected cases was recommended, case fatality rates
were calculated as number of deaths divided by cases.

Baseline data are reported without imputation. Except for education
(4-9%) missing data were < 1%. Missing information on living condi-
tions (home care, long term care facility) was labelled as independent
living before imputation, whereas other missing data were imputed
using Multivariate Imputation by Chained Equations (MICE) [10] with
five iterations. Variables included in the imputation algorithm were:
age, sex, Nordic origin, area per habitant, number of habitants in
household, household type, education, underlying medical conditions,
income per habitant, population density in region, type of region (urban,
rural, suburban) and occupation.

Results are presented from one imputed dataset. Prior analyses
showed little benefit of using more than one imputed dataset [4].

Poisson regression models, with the total population of this study as
denominator, were used to estimate risk ratios (RRs). 95% confidence
intervals (CI) were calculated using the adjusted method by Zou [11].

To assess the major risk exposures for COVID-19, and their contri-
bution to population risk, three models were developed: 1) separate
univariate models tested risk ratios for each variable alone (table S4); 2)
model with occupation as main exposure, adjusted for confounders (age,
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sex, region, comorbidities and Nordic origin) (Fig. S1) 3) Model with
Nordic origin as main exposure, adjusted for confounders (age, sex) and
mediators (region, comorbidities, occupation) (Fig. S2).

Population attributable fraction (PAF), defined as the proportion of
all cases of a particular outcome in a population that is attributable to a
specific exposure, was calculated using the R package ‘AF’ [12], which
allows for confounder adjusted estimation of PAF. Briefly, point esti-
mates are calculated from the predicted number of outcomes under the
counterfactual (ie setting all “Diabetes” cases to “No diabetes”) and
factual data sets. Confidence intervals were calculated by the sandwich
method [13].

Ethical considerations

Personal identifiers were removed after linkage of the registries and
replaced by a code. Because pseudonymised data were used, written
informed consent was not applicable. The project was approved by the
Swedish Ethical Review Authority (2020-02019).

Results
COVID-19 outcomes in the population

Of 18,907 hospitalisations with a diagnosis of COVID-19, 15,783
(83%) had COVID-19 as the main diagnosis, 452 (2%) had a COVID-19-
related main diagnosis and COVID-19 as a contributory diagnosis and
2672 (14%) had a main diagnosis that was not related to COVID-19, the
latter were not defined as COVID-19 hospitalisations. During the study
period, accordingly, among a total of 6,205,459 persons aged 18-64
years, there were altogether 458,317 (7.39%) cases, 16,235 (0.26%)
hospitalised, 3399 (0.05%) who needed intensive care and 16,362
(0.26%) who had severe COVID-19 (hospitalisation or death) (Table 1).
There were 620 (0.01%) COVID-19 deaths, of which most (80.5%)
occurred in a hospital. During the second wave, from 1 October 2020 to
1 February 2021, when testing capacity was adequate, the overall case
fatality rate was 0.06%, ranging from 0.01% among persons aged 18-44
years to 0.27% among those aged 55-64 years. Of all hospitalised cases,
3.0% died, and among persons in intensive care, 9.6% died.

Baseline characteristics

Among the total adult population < 65 years, the majority (58.4%)
were younger than 45 years, yet only 18.6% and 10.2% among those
requiring intensive care or who died, respectively, were in this age group
(Table 2). Male sex, non-Nordic origin, low education, and living in an
urban area were all more common among individuals with severe out-
comes and deaths. Of those who died, one in six, or 16.9% either
received home care or lived in a long-term care facility.

Of the study cohort, altogether 19.4% were not in the work force. Of
these, 8.5% were not registered as working, 7.4% were university stu-
dents, 2.7% were in early retirement for medical reasons, 0.3% were
retired, and 0.6% received home care or were living in a long-term care
facility (Table 2). Of the total cohort, 37.6% were in occupations with
the possibility to work from home, while 9.8% worked in health and
social care, 6.0% as school or preschool staff, 12.8% as essential
workers, and 14.5% as blue-collar (but not essential) workers.

Having any prior hospital-recorded diagnosis was uncommon in this
population. Those with severe COVID-19 and COVID-19 deaths had
much higher rates of any of the comorbid conditions. Of those with no
COVID-19 diagnosis, 2.3% were registered with obesity, 2.7% with
hypertension, and 2.3% with diabetes, with corresponding proportions
among those treated in intensive care of 5.6%, 14.9%, and 14.1%, and
among those who died 8.7%, 26.9%, and 23.7%.
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Table 1
COVID-19 in all Swedish citizens aged 18-64 years: total testing positive for
SARS-Cov2, hospitalised, intensive care, and deaths, by age, until 2021-02-01.

Total Age group
population
18 to 44 45t 54 55 to 64
Population 6,205,459 3,626,975 1,352,792 1,225,692
Total COVID-19 cases
Cases 458,317 272,043 107,419 78,855
(7.39) (7.50) (7.94) (6.43)
o 16,235
Hospitalised (0.26) 4323 (0.12) 4920 (0.36) 6992 (0.57)
cu® 3399 (0.05) 633 (0.02) 1005 (0.07) 1761 (0.14)
Severe COVID-19° 16,362 4341(0.12) 4952 (0.37) 7069 (0.58)
d (0.26)
Deaths (%) 620 (0.010)  63(0.002)  134(0.010)  423(0.035)
Case fatality (deaths/cases)
Case fatality, 0.14 0.02 0.12 0.54
overall, %
B 2nd
Case fatality, 0.06 0.01 0.05 0.27
period, %
Hospital case 493 (3.04) 45 (1.04) 102(2.07) 346 (4.95)
fatality; %
ICU case fatality, % 325 (9.56) 29 (4.58) 71 (7.06) 225 (12.78)
Location of death with COVID-19
At home 76 (12.26) 10 (15.87) 24 (17.91)  42(9.93)
Atalong-termcare g 5 o) 0(0) 2 (1.49) 17 (4.02)
facility
In hospital 499 (80.48) 49 (77.78)  98(73.13)  352(83.22)
Other 26 (4.19) 4(0) 10 (0.01) 12 (0.02)

Data are n (%). Cases are defined as testing positive, hospitalisation, and/or
death.
Abbreviations: ICU: Intensive care unit.

# With an acceptable main diagnosis. List of acceptable main diagnosis is
presented in Table S2.

b ICU is reported as main diagnosis only; includes high-flow oxygen at high
dependency unit.

¢ Severe COVID-19: hospitalisation or death.

d Case fatality is calculated during period 2 (2020—10—01—2021—02—01).

Outcomes
Any COVID-19

In univariate analyses, male sex and rural or suburban (compared to
urban) living were associated with slightly lower RRs for any COVID-19
(largely reflecting the risk of testing positive for COVID-19 (Table S4). In
contrast, non-Nordic origin was associated with slightly higher risk.
After adjustment for confounders (age, sex, region, Nordic origin and
comorbidities), those who had the possibility to work from home, stu-
dents, persons not working, those in early retirement or retired, and
those with home care had lower RRs of COVID-19 infection while living
in a long-term care facility was not in itself associated with a higher RR
of COVID-19 infection.

Increased adjusted RRs with those being able to work from home as
reference were found among essential workers (RR 1-13, 95% CI
1-12-1-14), school and preschool staff (RR 1-42, 95% CI 1-40-1-43), and
health and social care staff (RR 1-88, 95% CI 1.86-1-90) compared to the
reference group (Fig. 1).

Adjusted for age, sex, region, comorbidities and occupation, the risk
of Nordic origin for any COVID-19 was only slightly increased (RR 1-14,
95% CI 1-13-1-14) (Table 3).

Intensive care and severe COVID-19

Higher age, male sex, and non-Nordic origin were each strong
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predictors of intensive care for COVID-19 (Table S4). Most comorbid-
ities, notably diabetes and hypertension, were associated with increased
risk for intensive care. Compared to occupations with the possibility to
work from home, essential workers (RR 1-51, 95% CI 1-35-1-69), school
and preschool staff (RR 1-21, 95% CI 1-01-1-46), and healthcare and
social care workers (RR 1-89, 95% CI 1-67-2-13) had higher RR of
intensive care (Fig. 2). Not working (RR 1-39, 95% CI 1-23-1-57), early
retirement (RR 1-88, 95% CI 1-63-2.18), having home care (RR 2-50,
95% CI 1.89-3-31), or being in long-term care (RR 3-75, 95% CI
2.78-5-06) were also associated with higher risk (Fig. 2).

Patterns for severe COVID-19 (Fig. S3) which included all hospital-
isations and deaths were similar to for those requiring intensive care.
Essential workers (RR 1-35, 95% CI 1-28-1-42), school and preschool
staff (RR 1-36, 95% CI 1-27-1-47), and health and social care staff (RR
1.95, 95% CI 1-85-2-06) all had significantly increased multiple-
adjusted RR.

In adjusted models, the RRs for non-Nordic origin for ICU and severe
COVID-19 were increased (RR 3-13, 95% CI 2-91-3-36 and RR 3-02,
95% CI 2-92-3-12 respectively) (Table 3).

COVID-19 death

Being born outside a Nordic country was associated with a univariate
RR of COVID-19 death of 2-06, 95% CI 1-76-2-42, while intermediate
and low education were associated with higher RR: 191, 95% CI
1-57-2-33 and 3-11, 95% CI 2-49-3-87 (Table S4). In univariate models,
all comorbidities were associated with substantially higher risk of death
(Table S4).

Compared with the reference group, those not working, in early
retirement, having home care, or being in long-term care had multiple-
adjusted RRs of 1-87, 95% CI 1-38-2-54, 4-04, 95% CI 3-04-5-35, 10-76
95% CI 7-53-15-39, and 21-81 95% CI 15-41-30-86 (Fig. 3). Essential
workers had significantly increased risk of death (RR 1-79, 95% CI
1-34-2-38) compared to the reference group. Blue collar workers (RR
1-37, 95% CI 1-04-1-81) had a slightly elevated risk for death.

After adjustments, non-Nordic origin were associated with a RR of
COVID-19 death of 2-23 (95% CI 1-88-2-66) (Table 3).

Population attributable fractions for COVID-19 outcomes

PAFs were calculated for need of intensive care (Fig. 2). Of the
occupational groups, PAFs for health and social care workers, blue-
collar, and essential workers taken together contributed 13% (5-6%,
2-5% and 5-0%, respectively), and slightly lower for not working (3-5%)
and early retirement (3-7%) while the contribution from school/pre-
school occupations was very small (<1%). The contribution from home
care and long-term care was limited, at about 2%. PAFs for severe
COVID-19 which included all hospitalisations and deaths showed a
similar pattern to those for ICU care.

With respect to COVID-19 death, those not working, in early retire-
ment, having home care, or being in long-term care had multiple-
adjusted PAFs of 5-3%, 11-4%, 7-8%, and 8-0%. Essential workers
who had the most increased risk of death compared to the reference
group had a PAF of 5-4%.

For any COVID-19 diagnosis, non-Nordic origin had a PAF of only
3%. However, for need of ICU and severe COVID-19 the PAFs were
above 30% and 22% for death (Table 3).

Discussion

In this nationwide study of all persons in Sweden aged 18 to 64 years,
covering the first year of the COVID-19 pandemic in Sweden, essential
workers, school and preschool workers and health and social care staff
all had significantly increased relative risk of a COVID-19 diagnosis and
of severe disease compared to a reference category with jobs that
allowed working from home. Of the factors associated with exposure to
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Table 2
Population characteristics by COVID-19 categories.
Total population ~ Non COVID-19 Any COVID- Severe COVID- Intensive care ~ Death from COVID-
population 19° 19" 19

Number of individuals 6,205,459 5,747,142 458,317 16,362 3399 620

Sociodemographic

Age (years), mean (SD) 40.8 (13.2) 40.8 (13.2) 40.2 (13.0) 50.2 (10.8) 52.5(9.7) 55.6 (8.7)

Age group

18 to 44 3,626,975 3,354,932 (58.4) 272,043 (59.4) 4341 (26.5) 633 (18.6) 63 (10.2)
(58.4)

45 to 54 1,352,792 1,245,373 (21.7) 107,419 (23.4) 4952 (30.3) 1005 (29.6) 134 (21.6)
(21.8)

55 to 64 1,225,692 1,146,837 (20.0) 78,855 (17.2) 7069 (43.2) 1761 (51.8) 423 (68.2)
(19.8)

Male sex, n (%) 3,180,116 2,965,704 (51.6) 214,412 (46.8) 10,044 (61.4) 2405 (70.8) 448 (72.3)
(51.2)

Born in a Nordic country® 4,719,503 4,379,843 (76.2) 339,660 (74.1) 8662 (52.9) 1784 (52.5) 378 (61.0)
(76.1)

Residence

Population density (n/100,000) 3.8(6.5) 3.8 (6.5) 4.1 (6.6) 4.6 (6.7) 4.7 (6.7) 4.6 (6.3)

Urban 4,703,183 4,330,540 (77.1) 372,643 (81.7) 13,824 (85.1) 2882 (85.3) 538 (87.2)
(77.5)

Rural 881,353 (14.5) 832,450 (14.8) 48,903 (10.7) 1454 (8.9) 294 (8.7) 48 (7.8)

Suburban 486,638 (8.0) 452,080 (8.1) 34,558 (7.6) 975 (6.0) 204 (6.0) 31 (5.0)

Living conditions

Number of habitants 3.01.7) 3.0(1.7) 3.2@1.7) 3.2(2.1) 3.2(2.0) 2.8 (3.0)

Area per family member (mz) 39.3 (23.0) 39.5(23.1) 37.0 (20.8) 37.9 (22.7) 38.3 (22.2) 43.3 (25.5)

Annual income/ family member (1000 2.2(3.9) 2.2(3.8) 2.3(5.2) 2.1(2.6) 2.2(2.5) 1.9 (1.3)

KSEK)

Education in 2020°

< 9 years 868,626 (14.0) 808,572 (14.1) 60,054 (13.1) 3381 (20.7) 754 (22.2) 155 (25.0)

10-12 years 2,614,101 2,412,485 (42.0) 201,616 (44.0) 7162 (43.8) 1521 (44.7) 278 (44.8)
(42.1)

College/ university 2,416,324 2,229,634 (38.8) 186,690 (40.7) 5237 (32.0) 1003 (29.5) 138 (22.3)
(38.9)

Underlying medical conditions

Obesity (diagnosis) 141,102 (2.3) 128,819 (2.2) 12,283 (2.7) 843 (5.2) 191 (5.6) 54 (8.7)

Hypertension 165,741 (2.7) 154,095 (2.7) 11,646 (2.5) 2016 (12.3) 507 (14.9) 167 (26.9)

Diabetes 140,153 (2.3) 129,407 (2.3) 10,746 (2.3) 1837 (11.2) 478 (14.1) 147 (23.7)

COPD* 36,212 (0.6) 33,830 (0.6) 2382 (0.5) 435 (2.7) 92 (2.7) 48 (7.7)

Malignancy 66,771 (1.1) 61,895 (1.1) 4876 (1.1) 406 (2.5) 80 (2.4) 39 (6.3)

Myocardial infarction 33,223 (0.5) 31,014 (0.5) 2209 (0.5) 369 (2.3) 102 (3.0) 33(5.3)

Stroke 31,392 (0.5) 29,445 (0.5) 1947 (0.4) 285 (1.7) 63 (1.9) 29 (4.7)

Heart failure 18,854 (0.3) 17,651 (0.3) 1203 (0.3) 328 (2.0) 79 (2.3) 41 (6.6)

Atrial fibrillation 36,543 (0.6) 33,888 (0.6) 2655 (0.6) 382 (2.3) 75 (2.2) 32(5.2)

VTE* 69,517 (1.1) 64,101 (1.1) 5416 (1.2) 601 (3.7) 136 (4.0) 40 (6.5)

Dementia 3710 (0.1) 3443 (0.1) 267 (0.1) 66 (0.4) 8(0.2) 22 (3.5)

Exposure level®

Student 460,360 (7.4) 434,181 (7.6) 26,179 (5.7) 420 (2.6) 66 (1.9) 4 (0.6)

Reference category 2,330,318 2,171,952 (37.8) 158,366 (34.6) 4527 (27.7) 923 (27.2) 126 (20.3)
(37.6)

Essential workers 794,441 (12.8) 731,602 (12.7) 62,839 (13.7) 2227 (13.6) 499 (14.7) 76 (12.3)

Blue-collar workers 898,127 (14.5) 838,838 (14.6) 59,289 (12.9) 2218 (13.6) 552 (16.2) 87 (14.0)

School/preschool staff 374,403 (6.0) 337,626 (5.9) 36,777 (8.0) 856 (5.2) 134 (3.9) 18 (2.9)

Health and social care 605,609 (9.8) 526,638 (9.2) 78,971 (17.2) 2308 (14.1) 405 (11.9) 34 (5.5)

Not working 525,594 (8.5) 499,087 (8.7) 26,507 (5.8) 2084 (12.7) 432 (12.7) 70 (11.3)

Early retirement 164,920 (2.7) 158,475 (2.8) 6445 (1.4) 1124 (6.9) 269 (7.9) 94 (15.2)

Retired 16,039 (0.3) 15,380 (0.3) 659 (0.1) 61 (0.4) 13 (0.4) 6 (1.0)

Home care 16,050 (0.3) 15,185 (0.3) 865 (0.2) 308 (1.9) 59 (1.7) 53 (8.5)

Long-term care facility 19,598 (0.3) 18,178 (0.3) 1420 (0.3) 229 (1.4) 47 (1.4) 52(8.4)

Data are n (%) or mean (SD).
* Abbreviations: COPD: Chronic obstructive pulmonary disease VTE: venous thromboembolism.
@ Any COVID-19 includes all infections, hospitalisations and deaths.
b Severe COVID-19 includes hospitalisation and deaths.
¢ Missing data for born in Nordic countries 0.4%.
d Missing data for education 4.9%.
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Table 3

Effect of Nordic origin on risk for any COVID-19, severe COVID-19, intensive
care for COVID-19 and death from COVID-19.

Exposure profile
Student
Reference category
Not working
Blue-collar workers
Essential workers
School/preschool staff
Health and social care
Retired
Early retirement
Home care

Longterm care facility
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Relative risk for any COVID-19

Multivariable adjusted RR

0.79 (0.78-0.8)
Reference
0.69 (0.68-0.69)
1.02(1.01-1.03)
1.13 (1.12-1.14)
1.42 (1.40-1.43)
1.88 (1.86-1.9)
0.68 (0.63-0.73)
0.59 (0.57-0.60)
0.78 (0.73-0.83)
1.03 (0.98-1.08)

PAF (%)

-1.5% (-1.6--1.4)
0% (0-0)
-2.7% (-2.7--2.6)
0.2% (0.1-0.3)
1.6% (1.5-1.7)
. 2.4% (2.3-2.4)
" 8.1% (7.9-8.2)
-0.1% (-0.1--0.1)
-1% (-1--1)
-0.1% (-0.1-0)
0% (0-0)

r
050

1
20

Fig. 1. Relative risks and PAFs for any COVID-19 in multivariable-adjusted' models.

Exposure variable

RR

PAF

Any COVID-19
Nordic origin, no'

Severe COVID-19
Nordic origin, no’

1.14 (1.13-1.14)

3.02 (2.92-3.12)

Intensive care for COVID-19

Nordic origin, no'

3.13 (2.91-3.36)

Death from COVID-19

Nordic origin, no'

2.23 (1.88-2.66)

3.1% (2.9-3.3)

31.4% (30.4-32.4)

32.2% (30-34.4)

21.6% (16.5-26.6)

! Model adjusted for confounders: Age, sex, comorbidities, region and

occupation.

Exposure profile
Student
Reference category
Not working
Blue-collar workers
Essential workers
School/preschool staff
Health and social care
Retired
Early retirement
Home care

Longterm care facility

the SARS-CoV-2 virus, working in health and social care was among the
most important attributable factors for severe COVID-19 (hospital-
isations or death), after non-Nordic origin, and low education, but
ranked slightly lower with respect to need of intensive care. Even so,
while essential work was associated with increased relative risk of death,
teaching or working in a health and social care setting was not. Deaths
were mostly attributable to cardiometabolic comorbidities, not being in
the workforce, and sociodemographic factors, most notably non-Nordic
origin.

Several prior studies in Sweden and elsewhere have found essential
occupations to be associated with increased risk of COVID-19 outcomes
[5,14-171, but these studies have generally not been concerned with
persons outside the work force. A Swedish study found that inequalities
in COVID-19 mortality among adults of working age were primarily
related to traditional risk factors and not occupation [14], but non-
working individuals were not included, nor non-fatal severe outcomes.
In the present study, just over half of all deaths (55%) in working-age
adults occurred among people in the active work force, and about 5%

Relative risk for ICU COVID-19

Multivariable adjusted RR

0.59 (0.46-0.76)
Reference
1.39 (1.23-1.57)
1.18 (1.06-1.31)
1.51 (1.35-1.69)
1.21 (1.01-1.46)
1.89 (1.67-2.13)
1.03 (0.60-1.78)
1.88 (1.63-2.18)
2.50 (1.89-3.31)
3.75 (2.78-5.06)

PAF (%)

: -1.4% (-1.9--0.8)
" 0% (0-0)
L. 3.5% (2.2-4.9)
. 2.5% (0.8-4.1)
_— 5% (3.5-6.4)
: 0.7% (0-1.4)
- 5.6% (4.4-6.8)
0% (-0.2-0.2)
3.7% (2.7-4.7)
1% (0.6-1.5)
1% (0.6-1.4)

+

T
050

T T 1
10 20 40 8.0

Fig. 2. Relative risks and PAFs for need of intensive care for COVID-19 in multivariable-adjusted' models.
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Relative risk for death from COVID-19

Multivariable adjusted RR

Exposure profile
Student 0.38 (0.14-1.03)

Reference

1.87 (1.38-2.54)
1.37 (1.04-1.81)
1.79 (1.34-2.38)
1.22 (0.74-2.01)
1.20 (0.82-1.77)
2.74 (1.21-6.24)
4.04 (3.04-5.35)

10.76 (7.53-15.39)

21.81 (15.41-30.86)

Reference category
Not working
Blue-collar workers
Essential workers
School/preschool staff
Health and social care
Retired

Early retirement
Home care

Longterm care facility

+++++'}

PAF (%)

-1.1% (-1.8--0.3)
0% (0-0)
5.3% (2.4-8.1)
3.8% (0.3-7.3)
5.4% (2.4-8.4)
0.5% (-0.9-1.9)
0.9% (-1.1-3)
0.6% (-0.2-1.4)
- 11.4% (8.3-14.5)
7.8% (5.5-10)
- 8% (5.8-10.2)

Fig. 3. Relative risks and PAFs for COVID-19 death in in multivariable-adjusted' models.

1 (adjusted for age, sex, region, comorbidities and Nordic origin).

of the deaths could be attributed to essential work. In contrast to our
findings, where school staff were at increased risk of severe COVID-19, a
population-based Scottish study found that teachers had no increased
risk of hospital admission with COVID-19 and had a lower risk of severe
COVID-19 [18]. In health care and education workers, intense space
sharing during the workday and high probability of larger numbers of
close social contacts were recently demonstrated in an English cohort
study, using data from electronic diaries [19], all leading to a high risk of
being infected by a coworker.

Few population-based studies have included deaths outside the
hospital [20], represented by one in five in the present study, or included
non-fatal outcomes [21]. Still, hospitalisations due to COVID-19 in
general, and need of intensive care in particular, put a huge burden on
already limited and strained health care resources and are important
indicators of severe disease. While only 5% of all COVID-19 deaths
occurred among adults under 65, they comprised slightly >40% of all
hospitalisations and over half of all cases in intensive care in Sweden
during the first year, combining the data of the present study and our
prior study of persons aged 55 and older [4]. Of all those hospitalised in
this comparatively young cohort, 3% died; among those in intensive
care, nearly 10% died. Accordingly, the cases needing intensive care
attributable to working in health care, being an essential worker, or a
blue-collar worker — about 13% — may have been preventable if these
individuals were infected at work.

Non-Nordic origin was associated with a 2 to 3-fold increased rela-
tive risk of severe disease and death irrespective of adjustments, prob-
ably reflecting many issues relevant to higher risk of being infected and
of being seriously ill that we could not capture through our registry data.
Within the broad job categories that we used some essential workers are
more exposed than others to close and frequent contacts with many
persons for which service is part of the job, or to being in crowded
venues. Still, many immigrants are outside the workforce, and language
difficulties, poorer health literacy, and overcrowding could all be
important. Sweden displays among the biggest within-country gap in
housing depravation inequalities in Europe, as about 30% of all foreign-
born persons live in overcrowded households, compared to 9% of
Swedish-born persons [22]. Overcrowding, working in highly exposed
occupations, with little power to avoid being exposed to infection,
together with higher rates of obesity, hypertension, and diabetes, are all
more common in areas with many immigrants and low socio-economic
status [23], which will have contributed to the high risks observed.

Social gradients in severe COVID-19 have been reported [24], not
explained by existing comorbidities. In the present study, education but

not income showed a strong independent gradient in COVID- 19 deaths.
Deaths in COVID-19 are concentrated among the elderly, most of whom
were born in Sweden but had less education compared to those born
later. There was a weak positive association between income and all
COVID-19 outcomes except death, potentially due to extensive travel-
ling among the more affluent during the Swedish winter school holiday
in February 2020 [25,26].

Few studies have provided community-based case fatality rates of
infected people in this age range; these were very low, or about 0.06%
during the last part of the study period when testing was adequate.
Among other studies evaluating younger people, a study of hospitalised
patients in the United States showed that 5% were aged 18-34 years
[27]. Of these, 2.7% died, which is higher than in the present study, or
about 1% among those aged 18-44 years. The higher mortality in the
United States, compared to Swedish patients is likely due to differences
in patient characteristics, with 25% of the US patients being morbidly
obese, and 18% with diabetes, while obesity rates in Sweden are much
lower [28]. We know from other studies that obesity and obesity-related
disorders are important risk factors for more severe COVID-19 outcomes
[29].

In COVID-19 research, absolute and relative risks are often used to
describe the effect of risk factors. In this report, we add estimates for
PAFs, e.g. the proportional reduction in population disease or mortality
would occur if the exposure to a risk factor was reduced to an alternative
exposure scenario. While not all factors are modifiable, the concept of
attributable risk provides us with information not only about the
magnitude of the excess risk, but also about the proportion of the pop-
ulation affected. This can provide additional information on which
measures of prevention that are useful from a population perspective.
Few studies have evaluated PAFs with respect to COVID-19 outcomes. In
our prior Swedish study of persons aged 55 and older in Sweden, we
found that home care or living in a long-term care facility were decisive
factors for death and severe illness, with over half of deaths attributable
to this even after considering multimorbidity [4]. In a retrospective
population-based cohort study in the United States, from a database of
administrative health claims for members of large health plans from all
50 states, PAFs for COVID-19 death in those younger than 50 were 45%
for cardiovascular disease and 31% for diabetes [30], after adjustment
for race/ethnicity and a range of other medical conditions. However,
social and work-related factors were not considered and the generaliz-
ability to any representative background population is uncertain.

Strengths of the present study include the availability of data on
multiple medical, occupational, social, and demographic dimensions
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from a whole nation and data on out-of-hospital deaths. There are also
several weaknesses that apply to our study, including that only hospital
diagnoses of comorbid conditions were captured, which underestimates
the prevalence and importance of obesity and of obesity-related condi-
tions such as hypertension and diabetes. Also, the occupational cate-
gorisation that we used is broad and actual presence and conditions at
work related to exposure could not be measured. In addition, other
unmeasured confounders possibly affect both RR estimates and PAF
calculations. For example, COVID-19 tests were used selectively in the
first half of 2020 with likely higher testing in some occupations. Addi-
tionally, while the use of Poisson regression simplifies the analyses, the
effects sizes estimated will represent averages over the whole study
period. Of note, however, the already low absolute risks for severe dis-
ease and death of many categories in this study should translate into
even lower risks in vaccinated persons.

In conclusion, among people of working age in Sweden during the
first year of the COVID-19 pandemic, essential workers, school and
preschool staff and health and social care staff all had moderately but
significantly increased relative risk of a COVID-19 diagnosis and of se-
vere disease, compared to a reference group of people in occupations
who were able to work from home, while only essential workers had
increased relative risk of COVID-related mortality. A large part of the
need of intensive care was attributable to non-Nordic origin and shorter
education, with roughly 10% attributable to essential work and work in
the health and care sector. Overall, case fatality rates were very low.
Deaths were mostly attributable to cardiometabolic comorbidities, not
being in the workforce, needing home care or living in a long-term care
facility, and other sociodemographic factors.
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