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ABSTRACT

Background The backdrop of the ubiquitous social
inequalities has increasingly come into foreground

in research on the COVID-19 pandemic, but the lack

of high-quality population-based studies limits our
understanding of the inequitable outcomes of the
disease. The present study seeks to estimate social
gradients in COVID-19 hospitalisations, intensive

care admissions and death by education, income and
country of birth, while taking into account disparities in
comorbidities.

Methods We used a register-based retrospective open
cohort design enrolling all 74659 confirmed SARS-
CoV-2-positive cases aged >25 years in Sweden during
the first wave of the pandemic (until 14 September
2020). Information was retrieved from multiple registers
and linked by the unique Swedish personal identity
number concerning COVID-19 case identification;
COVID-19 hospitalisations, intensive care admissions
and death; comorbidities as measured by the Charlson
Comorbidity Index; and sociodemographic information.
Social gradients were estimated by the Relative Index of
Inequality (RII) using Cox regression.

Results Adjusted analyses showed significant social
gradients in COVID-19 hospitalisation, intensive care
admission, across education, income and country of birth,
which were unaffected by adjustment for comorbidities.
Education and country of birth gradients were stronger
for hospitalisation and intensive care admissions but
small to non-existent for death. In contrast, income
gradients were consistent across all three COVID-19
outcomes.

Conclusion Social gradients in severe COVID-19
outcomes are widespread in Sweden, but appear to be
unrelated to pre-existing health disparities. Inequitable
outcomes of SARS-CoV-2 infection may therefore be

at least partially avoidable and could rely on equitable
management of confirmed COVID-19 cases.

INTRODUCTION

After the immediate shock when the COVID-19
pandemic emerged in 2020, concerns were raised
about the impact of the already entrenched
social inequalities in health on the course of the
pandemic.’ * Initial empirical COVID-19 research
largely overlooked this issue,® which risks leaving a
permanent lack of the crucial data needed to detail
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the socioeconomic patterning of COVID-19 in the
early stage of the pandemic.®*

Sweden, with its infrastructure of individu-
ally linked register data, is in a strong position to
shed light on social inequalities in COVID-19.
The Swedish Constitution precluded enforcement
of general lockdown measures implemented in
many other countries during the first pandemic
wave. Sweden instead opted for an unconventional
strategy to mitigate rather than stop the pandemic,
to avoid overburdening the healthcare system.’
The response chiefly relied on voluntary measures,
including recommendations of social distancing
and working from home, but with no stay-at-home
orders or recommendations to wear face masks in
public. Schools for age 17 years and older largely
adapted to distance education, while kindergarten
and schools up to age 16 years remained open.
Limitations were also imposed on public gather-
ings and restaurants, but with public space, stores
and services kept open. This comparatively non-
invasive pandemic strategy has been the topic of an
intense international debate.®® Sweden’s general
public health policy also explicitly stresses equity in
health and healthcare’ and prioritised COVID-19
vaccination for individuals in socially vulnerable
situations.'’ Sweden is therefore an informative
case for countries aiming for equitable pandemic
strategies under less restrictive regimes.

Preliminary research, chiefly based on samples
from the USA and UK, overall points to an unequal
social distribution of both risk for COVID-19
infection,!* hospital or intensive care admissions,
or death.'*™ Most attention has so far been paid
to ethnic/racial inequalities'? but with studies also
suggesting a socioeconomic gradient in COVID-19
outcomes.'! ¢ Population-based studies on
individual-level data remains rare. Two register-
based total population studies of Sweden'” and the
capital region of Stockholm'® have shown higher
COVID-19 mortality among groups with lower
income, shorter education and particularly those
born in low-income (LIC) and middle-income coun-
tries (MIC). These findings support earlier Swedish
ecological research reporting excess COVID-19
mortality in disadvantaged neighbourhoods.'®
These studies were however unable to further
detail the potential underpinnings of the mortality
inequalities: differential exposure to the virus,

BM)

Gustafsson PE, et al. J Epidemiol Community Health 2022;76:261-267. doi:10.1136/jech-2021-216778 261

1ybuAdoo
Aq pa1oaloid 1senb Agq 220z ‘8T AeN uo /wod fwg yosly:dny wouy papeojumoq TZ0Z Jequialdes GT uo 8//9T12-1202-Yo8l/9ETT 0T st paysiignd 1s11) :yjeaH Anunwwo) |jolwaspid3 ¢


http://orcid.org/0000-0002-3972-5362
http://orcid.org/0000-0002-0253-5928
http://dx.doi.org/10.1136/jech-2021-216778
http://dx.doi.org/10.1136/jech-2021-216778
http://dx.doi.org/10.1136/jech-2021-216778
http://crossmark.crossref.org/dialog/?doi=10.1136/jech-2021-216778&domain=pdf&date_stamp=2022-01-27
http://jech.bmj.com/

Original research

differential immunity and/or differential consequences once
infected—including severe COVID-19 disease and survival."”
The present study seeks to explore the lattermost possibility.

A widespread hypothesis is that social inequalities in
severe COVID-19 outcomes are rooted in pre-existing health
risks,> 17 12 2 as chronic diseases identified as risk factors for
severe COVID-19 outcomes' ?! tend to follow the familiar
social gradient in health.?” Preliminary studies from the USA*
and UK' have indeed suggested that comorbidities partially
explain ethnic inequalities in COVID-19 hospitalisations. A
second not mutually exclusive hypothesis is that disadvantaged
population groups fare worse because of inequitable health-
care.'* 2* This has, for example, been suggested by findings of
inequalities in COVID-19 hospitalisations in the USA, which
remain after consideration of pre-existing comorbidities.* %
Evidence on these explanations is crucial for the design of equi-
table policy: while support for the former hypothesis would
leave little room for immediate action, support for the second
would turn the spotlight to health system’s management of
patients with COVID-19.

The aim of the present study is to estimate the magnitude of
educational, income and country of birth gradients in COVID-19
hospitalisations, intensive care admissions and death in the
total Swedish population of SARS-CoV-2-positive adults of the
first wave of the pandemic, taking into account pre-existing
comorbidities.

METHODS

Population and design

The study used a register-based retrospective open cohort design,
enrolling all Swedish residents aged 26 years or older who tested
positive for SARS-CoV-2 between 4 February and 14 September
2020, comprising the entire first wave of the pandemic in Sweden
(approximately between March and August 2020%°). Individuals
aged =25 were excluded as at this age a large fraction is still
studying or has not yet entered the labour market.

Case-positive individuals were identified through SmiNet,
the register of notifiable diseases at the Public Health Agency
of Sweden. COVID-19 is a notifiable disease in Sweden, and
PCR-positive or antigen positive SARS-CoV-2 cases are reported
by the treating clinicians to SmiNet. The date of COVID-19 was
generated based on the earliest possible date available from the
following five options, assessed in order from option (1) through
(5): date of (1) disease onset, as indicated by the first symptoms
experienced by the patient; (2) contact with inpatient or outpa-
tient clinics due to COVID-19; (3) blood sample drawn for
laboratory confirmation; (4) laboratory-confirmed diagnosis; or
(5) case reported to the Public Health Agency. Individuals were
followed from the date of COVID-19 diagnosis to date of hospi-
talisation (data until 22 September), intensive care (data until 12
August) and death (data until 5 October). Cases with outcomes
preceding test positivity date were excluded. All individual data
from the different data sources were linked through the unique
Swedish personal identity number.

The cohort comprised N=74 659 individuals at risk with total
follow-up time amounting to 6 312 229 days (mean follow-up
time 85.2days) for hospitalisation; 5 514 897days (mean
78.6days) for intensive care admissions; and 8 877016 days
(mean 118.9 days) for death. Certain variables had incomplete
data, including comorbidities (n=1451), housing (n=2553,
coded as separate category), family structure (n=297), marital
status (n=195), education (n=1624), income (n=537) and
place of birth (n=24). This resulted in a total sample size of

N=72728, with analytical samples of N=72145 for hospital-
isation and death, and N=67 816 for intensive care admissions.

Measures

COVID-19 outcomes

Time to event (days) from COVID-19 disease to endpoint was
calculated for three indicators of severe COVID-19 disease:
hospitalisation, intensive care and death. Outcomes were
identified through National Inpatient Register and Cause of
Death Register of the National Board of Health and Welfare,
and through The Swedish Intensive Care Register, which is
the National Quality Registry for Intensive Care in Sweden.
COVID-19 main or contributing diagnosis, or underlying cause
of death, was identified by ICD-10 code U07.

Inequality indicators

Sociodemographic information was retrieved from population
registers of Statistics Sweden. The main socioeconomic vari-
ables comprised education, classified into primary, secondary
and tertiary education; income, based on annual disposable
income and divided into quintiles (Q1—poorest, Q5—richest);
and country of birth, classified into Sweden, high-income
country (HIC), middle-income country (MIC) and low-income
country (LIC) based on Gross National Income per capita.”” For
the purpose of the main analyses, all variables were treated as
ordinal.

Covariates
Risk factors for severe COVID-19 outcomes included sex (man/
woman) and age (years, in brackets) from population registers of
Statistics Sweden. Comorbidities were measured by the Charlson
Comorbidity Index (CCI), which has been validated for severe
COVID-19 outcomes.”! We used a recent adaptation of the CCI
developed for register-based research in Sweden?® based on
data from the National Inpatient and Outpatient Registers and
the Cancer Register of Sweden. The CCI comprises a weighted
summary score calculated from a range of chronic diseases
(see Ludvigsson et al*® for details). In order to avoid including
acute complications of COVID-19, only comorbidities identi-
fied =60 days prior to the test-positivity date were considered.
The continuous comorbidity score (range 0-21) was used in the
regression analyses, while in table 1 it is reported by categories.
Demographic covariates that can covary with COVID-19
outcomes'” '8 % were retrieved from Statistics Sweden and
included marital status (married/cohabitation; unmarried/single;
widowed; divorced), type of residence (house; apartment/semi-
detached; special accommodation (eg, nursing home); other),
household structure (living alone with or without children; with
spouse/partner with or without children with or without chil-
dren; and missing data) and region of residence categorised by
the largest urban regions with a concentration of COVID-19
cases (Stockholm; Vistra Gétaland; all other regions).

Statistical analysis

Preliminary analyses comprised Cox regression for estimation of
HRs with each COVID-19 outcome regressed on each exposure
in crude/bivariate and fully adjusted models. In these analyses,
the social inequality indicators were treated as categorical with
the most favourable position as the reference group.

The Relative Index of Inequality (RII) was estimated as a rela-
tive measure of social gradients in health,*®*! which considers
the population distribution of health across the social categories.
It was estimated by fitting a regression slope to the midpoints of
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Table 1 Descriptive statistics in the total sample and stratified by sex
n (%) Men (%) Women (%)
Sample size 72728 (100.00) 30797 (42.35) 41931 (57.65)
Age groups
26-45 26537 (36.49) 10661 (34.62) 15876 (37.86)
46-55 15626 (21.49) 6286 (20.41) 9340 (22.27)
56-65 12166 (16.73) 5345 (17.36) 6821 (16.27)
66-75 5713 (7.86) 3283 (10.66) 2430 (5.80)
76-85 6091 (8.38) 3007 (9.76) 3084 (7.35)
86-95 5674 (7.80) 1983 (6.44) 3691 (8.80)
=>96 921 (1.27) 232 (0.75) 689 (1.64)
Comorbidity index
0 41329 (57.80) 17148 (57.32) 24181 (58.15)
1-2 15059 (21.06) 6217 (20.78) 8848 (21.26)
3-4 5514 (7.71) 2593 (8.67) 2921 (7.02)
=>5 9600 (13.43) 3959 (13.23) 5641 (13.56)
Housing
House 31014 (42.64) 12969 (42.11) 18045 (43.03)
Flat/semidetached 34932 (48.03) 15270 (49.58) 19662 (46.89)
Other 997 (1.37) 442 (1.44) 555 (1.32)
Special accommodation 3261 (4.98) 1226 (3.98) 2395 (5.71)
Missing 2164 (2.98) 890 (2.89) 1274 (3.04)
Family structure
Together w/out children 16641 (22.88) 7740 (25.13) 8901 (21.23)
Together with children 23947 (32.93) 10148 (32.95) 13799 (32.91)
Alone without children 18147 (24.95) 7544 (24.504) 10603 (25.29)
Alone with children 4759 (6.54) 1063 (3.45) 3696 (8.81)
Other without children 3922 (5.39) 1990 (6.46) 1932 (4.61)
Other with children 5312 (7.30) 2312 (7.51) 3000 (7.15)
Marital status
Partner 32876 (45.20) 14974 (48.62) 17902 (42.69)
Single 22434 (30.85) 10087 (32.75) 12347 (29.45)
Widowed 6384 (8.78) 1551 (5.04) 4833 (11.53)
Divorced 11034 (15.17) 4185 (13.59) 6849 (16.33)
Region of residence
Other 36555 (50.26) 14718 (47.79) 21837 (52.08)
Vastra gotaland 15784 (21.70) 6955 (22.58) 8829 (21.06)
Stockholm 20389 (28.03) 9124 (29.63) 11265 (26.87)
Education
Tertiary 29247 (40.21) 11375 (36.94) 17872 (42.62)
Secondary 30677 (42.18) 13422 (43.58) 17255 (41.15)
Primary 12804 (17.61) 6000 (19.48) 6804 (16.23)
Income
Quintile 1 (richest) 14838 (20.40) 7007 (22.75) 7831 (18.68)
Quintile 2 14827 (20.39) 6477 (21.03) 8350 (19.91)
Quintile 3 14804 (20.36) 6064 (19.69) 8740 (20.84)
Quintile 4 14602 (20.08) 5944 (19.30) 8658 (20.65)
Quintile 5 (poorest) 13657 (18.78) 5305 (17.23) 8532 (19.92)
Place of birth
Sweden 52201 (71.78) 21578 (70.07) 30623 (73.03)
High-income country 5427 (7.46) 2138 (6.94) 3289 (7.84)
Middle-income country 11040 (15.18) 5062 (16.44) 5978 (14.26)
Low-income country 4060 (5.58) 2019 (6.56) 2041 (4.87)
Outcomes
Continued

Table 1 Continued
n (%) Men (%) Women (%)
Hospitalisation 16807 (23.11) 9634 (31.28) 7173 (17.11)
Intensive care 2735 (3.76) 1926 (6.25) 809 (1.93)
Death 5863 (8.06) 3196 (10.38) 2667 (6.36)

the cumulative distribution of time-to-event across the ranked
categories of each inequality indicator (the ridit score). The RII
is consistently expressed as a HR estimated from the regression
slope at ridit score 1 vs 0; that is, a social gradient expressed as
the relative hazard rate of the theoretically most disadvantaged
group compared with the theoretically most advantaged group.

The RII (with 95% CI) was estimated for each outcome by
each inequality indicator in five sequential models with expo-
sure variables entered cumulatively: no adjustments (Model 0),
adding the other two inequality indicators model (Model 1),
adding age and sex (Model 2), adding the CCI (Model 3) and
adding demographic covariates in a fully adjusted model (Model
4).

Supplementary analyses (see online supplemental supple-
ment 1) were done restricting the analyses to deaths until 7
May (online supplemental table 1S) to conform to previous
Swedish studies capturing approximately the first half of the first
pandemic wave'” '* (online supplemental table 1S) and to ascer-
tain the social distribution of comorbidities (online supplemental

table 2S).

RESULTS

Descriptive characteristics of the study population are shown
in table 1. Of 72728 individuals, 16807 (23.1%) were hospi-
talised, 2735 (3.8%) were admitted to intensive care and 5863
(8.1%) died due to COVID-19.

Table 2 shows the HRs for COVID-19 hospitalisation, inten-
sive care admission and death, respectively, by all exposure vari-
ables. Rates were higher among men, older people and those
with greater comorbidity score, although the higher rates of
hospitalisation and intensive care admissions levelled off among
the oldest old. Of the demographic covariates, most notably
was lower rates of hospitalisation and intensive care admissions,
but higher death rates, among those living in special accom-
modations. Those with shortest education, lowest income and
from a LIC overall displayed the highest hospitalisation and
intensive care rates, and with overall patterns conforming to
a social gradient in health. A clear social patterning of deaths
was however only discernable for income. In supplementary
analyses restricting the analysis to deaths until 7 May (online
supplemental supplement, table 1S), higher death rates were also
found among individuals from LIC. Supplementary analyses also
confirmed that low-educated and poorer groups had a higher
comorbidity score, but with no association found for country of
birth (online supplemental supplement table 2S).

These descriptive patterns of social gradients were further
analysed by estimation of RII, as displayed in table 3. The crude
gradients (Model 0) showed diverse patterns which changed
majorly after mutual adjustment for the other two socioeco-
nomic indicators (Model 1) and for age and sex (Model 2). In
Model 2, the majority of estimated gradients ranged between
RII=1.5-2, that is, social gradients corresponding to 1.5-2
times higher rate of COVID-19 outcomes among those in the
most disadvantaged compared with the most advantaged posi-
tion. The gradients were stronger for hospitalisation by country
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Table 2 Crude and fully adjusted incidence HRs with 95% Cls for COVID-19 hospitalisation, intensive care admissions and deaths

Hospitalisations Intensive care admissions Deaths
Crude HR Adjusted HR Crude HR Adjusted HR Crude HR Adjusted HR
Sex
Men 1 1 1 1 1 1
Women 0.50(0.49t0 0.52)  0.57 (0.55t0 0.58)  0.29 (0.27 to 0.32) 0.36 (0.33 t0 0.39) 0.60 (0.57 to 0.63) 0.51 (0.48 to 0.54)
Age
56-65 1 1 1 1 1 1
26-45 0.30 (0.29 t0 0.32) 0.32 (0.30 to 0.34) 0.19 (0.16 t0 0.21) 0.20 (0.18 t0 0.23) 0.06 (0.05 to 0.09) 0.07 (0.05 to 0.10)
46-65 0.58 (0.55 t0 0.61) 0.64 (0.61 to 0.68) 0.51 (0.46 to0 0.57) 0.59 (0.52 to 0.66) 0.27 (0.21t0 0.34) 0.30 (0.24 t0 0.38)
66-75 2.22(2.11102.33) 1.67 (1.58 t0 1.76) 1.93 (1.74 10 2.14) 1.40 (1.25 to 1.56) 6.40 (5.59 t0 7.33) 4.28 (3.71 t0 4.92)
76-85 2.36 (2.25 t0 2.48) 1.76 (1.67 t0 1.88)  0.79 (0.70 to 0.90) 0.60 (0.51 to 0.69) 15.71 (13.86 to 17.81) 8.84 (7.70 t0 10.16)
86-95 1.54 (14510 1.62) 1.38(1.29 to 1.48) 0.14(0.11 t0 0.18) 0.13(0.09t0 0.17) 22.17 (19.59 to 25.10) 12.39(10.74 to 14.30)
=>96 0.95 (0.83 to 1.09) 1.00 (0.86 to 1.16) 0.09 (0.04t00.20)  0.10(0.04t00.23)  26.72 (22.98 to 31.06) 14.47 (12.18 t0 17.18)

Comorbidity index

Housing
House
Flat/semidetached
Other
Special accommodation
Missing
Family structure
Together w/out children
Together with children
Alone without children
Alone with children
Other without children
Other with children
Civil status
Partner
Single
Widowed
Divorced
Region of residence
Other
Véstra Gotaland
Stockholm
Education
Tertiary
Secondary (10-12 years)
Primary (<10 years)
Income
Quintile 1 (richest)
Quintile 2
Quintile 3
Quintile 4
Quintile 5 (poorest)
Place of birth
Sweden
High-income countries
Middle-income countries
Low-income countries

1.06 (1.06 to 1.07)

1
1.57 (1.52 to 1.62)

1.52 (1.34t0 1.72)
0.95(0.87 to 1.03)

0.98 (0.89 to 1.09)

1
0.45 (0.43 to 0.47)

1.00 (0.96 to 1.04)
0.52 (0.48 to0 0.56)

0.79 (0.74 to 0.85)
0.80 (0.75 to 0.85)

1

0.51 (0.49 to 0.54)
1.58 (1.51 t0 1.65)

1.22 (1.17 t0 1.28)

1
0.75(0.72 t0 0.79)

1.80 (1.74 0 1.86)

1
1.48 (1.42 t0 1.54)

2.92 (2.80 to 3.04)

1
0.97 (0.92 to 1.02

)
1.06 (1.01 t0 1.12)
1.69 (1.60 to 1.77)

)

2.05(1.95t0 2.15

1
1.63 (1.56 to 1.73)
1.54 (1.48 to 1.60)
1.67 (1.57 t0 1.77)

1.03 (1.02 to 1.03)

1
1.16 (1.11 t0 1.20)

1.05(0.92 to 1.19)
0.29(0.27 t0 0.32)

0.49 (0.44 to 0.54)

1
0.86 (0.82 to 0.91)

1.10 (1.05 t0 1.17)
0.91 (0.84 t0 0.99)

0.87 (0.81 to 0.94)
0.98 (0.92 to 1.05)

1

0.82 (0.78 to 0.87)
0.94 (0.88 to 1.00)

0.93 (0.88 to 0.98)

1
0.79(0.75 t0 0.83)

1.58 (1.53 to 1.64)

1
1.18 (1.13t0 1.22)

1.40 (1.33 to 1.46)

1
1.12(1.06 to 1.18)

1.20 (1.13t0 1.27)
1.40 (1.33 to 1.48)

1.58 (1.49 to 1.68)

1
1.20(1.14t0 1.27)
1.59 (1.52 to 1.66)
1.66 (1.55 t0 1.78)

1.04 (1.04 to 1.05)

1
1.20 (1.10 to 1.30)

1.25 (0.93 to 1.69)
0.34(0.26 to 0.46)

0.94(0.75 t0 1.19)

1
0.55 (0.49 to 0.61)

0.72 (0.65 to 0.80)
0.51(0.42 t0 0.62)

0.91 (0.77 to 1.07)
0.93 (0.80 to 1.07)

1

0.60 (0.55 to 0.67)
0.53 (0.46 to 0.63)

1.02 (0.92 to 1.13)

1
0.98 (0.89 to 1.09)

1.10 (1.01 to 1.20)

1
1.56 (1.42t0 1.71)

2.14(1.93 t0 2.37)

1
0.93 (0.83 to 1.06)

0.91 (0.80 to 1.03)
1.00 (0.88 t0 1.12)

1.45 (1.30 to 1.63)

1
1.34(1.17 to 1.54)

1.70 (1.55 t0 1.87)
2.08(1.83 t0 2.37)

1.03 (1.02 to 1.04)

1
1.04 (0.95 to 1.14)

1.10 (0.81 to 1.49)
0.32(0.24 t0 0.43)

0.92 (0.72 t0 1.17)

1
0.84(0.75 to 0.95)

0.99 (0.87 to 1.13)
0.93(0.75 t0 1.15)

1.07 (0.90 to 1.27)
1.07 (0.91 to 1.25)

1

0.95 (0.84 to 1.07)
1.00 (0.83 t0 1.22)

0.89 (0.79 to 1.00)

1
0.99 (0.89 to 1.09)

0.93 (0.85 to 1.01)

1
1.25(1.14 10 1.37)

1.35(1.21 to 1.51)

1
1.07 (0.95 to 1.22)

1.15 (1.01 to 1.31)
1.23 (1.07 to 1.41)

1.51 (1.32 t0 1.73)

1
1.14(0.99 t0 1.31)
1.43 (1.28 to 1.60)
1.71 (1.47 t0 1.98)

113 (1.12t0 1.13)

1
1.63 (1.53 to 1.74)

2.24(1.82 t0 2.74)
9.85(9.14 to 10.61)

4.77 (4.28 t0 5.31)

1
0.09 (0.08 to 0.10)

1.97 (1.85 to 2.09)
0.24 (0.20 t0 0.29)

0.91 (0.81 to 1.02)
0.34(0.29 to 0.40)

1

0.48 (0.44 to 0.53)
6.47 (6.09 to 6.88)

1.64 (1.52 t0 1.76)

1
0.81(0.75 to 0.87)

1.63 (1.54 t0 1.72)

1
1.98 (1.85 10 2.13)

5.41 (5.04 to 5.81)

1
0.87 (0.76 t0 0.99)

1.58 (1.41 to0 1.76)
4.49 (4.08 to 4.94)

4.49 (4.07 to 4.94)

1
1.36 (1.25 t0 1.48)
0.33(0.29 t0 0.37)
0.35(0.29 to 0.41)

1.03 (1.02 to 1.03)

1.12 (1.04 to 1.20)

1.16 (0.94 to 1.42)
1.41 (1.30 to 1.54)

1.52 (1.36 to 1.70)

1
0.79 (0.67 to 0.28)

1.19(1.08 to 1.31)
1.22 (1.00 to 1.48)

1.16 (1.02 to 1.31)
1.19(1.01 to 1.40)

1

0.88(0.79 to 0.99)
0.95 (0.86 to 1.05)

0.85 (0.77 to 0.94)

1
0.93 (0.86 to 1.00)

1.21 (1.14 t0 1.28)

1
1.12 (1.04 t0 1.20)

1.11 (1.02 t0 1.19)

1
1.12(0.98 to 1.27)

1.35(1.20 to 1.51)
1.48 (1.33 t0 1.64)

1.62 (1.45 t0 1.81)

1
1.04 (0.96 t0 1.13)
0.85 (0.75 to 0.96)
1.17 (0.97 to 1.40)
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Table 3 Social gradients of COVID-19-related hospitalisation, intensive care and death by education, income and country of birth; estimates are

Relative Index of Inequality (RII) with 95% Cls based on Cox regression models*

Model 2

Model 3

Model 4

Model 0 Model 1
Hospitalisations
Education 4.29 (4.04 to 4.56) 3.33(3.12 t0 3.54)
Income 2.80 (2.65 to 2.96) 1.73 (1.63 to 1.84)
Country of birth 2.45 (2.30 to 2.61) 1.83 (1.71 to 1.95)

Intensive care admissions

Education 2.94 (2.55 to 3.40) 2.72 (2.34 10 3.18)

Income 1.58 (1.38 to 1.80) 0.93 (0.80 to 1.09)

Country of birth 2.99 (2.57 t0 3.47) 2.69 (2.31 t0 3.14)
Deaths

Education 12.09 (10.84 to 13.49) 6.64 (5.92 to 7.44)

Income 10.84 (9.76 to 12.05) 8.14(7.27 t09.12)

Country of birth 0.31(0.27 t0 0.35) 0.15(0.13t0 0.17)

1.47 (1.38 0 1.56)

1.59 (1.49 to 1.70)
3.13(2.92 t0 3.35)

1.62 (1.39 t0 1.89)

1.64 (1.41 to 1.90)
2.18(1.85102.57)

1.09 (0.98 t0 1.22)

1.94 (1.72 t0 2.19)
1.08 (0.93 to 1.25)

1.45 (1.36 to 1.54)

1.52 (1.43 t0 1.62)
3.19(2.98 to 3.41)

1.58 (1.35t0 1.84)

1.52 (1.31t0 1.77)
2.23(1.89102.63)

1.09 (0.98 t0 1.22)

1.90 (1.68 to 2.14)
1.09 (0.94 to 1.26)

1.59 (1.50 to 1.70)

1.81 (1.69 to 1.93)
2.22 (2.05 10 2.39)

1.55(1.33t0 1.81)

1.69 (1.44 t0 1.99)
2.04 (1.70 to 2.46)

1.13(1.01 to 1.26)

1.82 (1.61 to0 2.07)
0.99 (0.85 to 1.16)

*Model 0: crude. Model 1: Model 0 adjusted for the other two socioeconomic variables. Model 2: Model 1 adjusted for sex and age. Model 3: Model 2 adjusted for sex, age and the Charlson
Comorbidity Index. Model 4: Model 3 adjusted for family structure, type of house, civil status and region of residence.

of birth (RI1=3.13) and income (RII=2.18), while the gradi-
ents in death were weaker for education and country of birth
(RII=1.08-1.09).

In contrast, adjusting for comorbidities (Model 3) only lead
to minor changes in the estimates. In the final model adding
demographic factors (Model 4), country of birth remained the
indicator displaying steepest gradient for hospitalisation admis-
sion (RII=2.22) and intensive care (RI[=2.04), with weaker
but significant gradients for education and income (RII=1.59-
2.04). Deaths displayed a clear gradient by income (RI[=1.82),
but with only weak gradient by education (RII=1.13) and zero
gradient for country of birth (RII=0.99).

DISCUSSION

This study of all confirmed first-wave SARS-CoV-2 cases in
Sweden demonstrates marked and ubiquitous social gradients in
subsequent severe COVID-19-related outcomes, with generally
worse outcomes the lower the income, the shorter the educa-
tion, or the more disadvantaged country of birth. Country of
birth was the indicator displaying the strongest gradient in
hospitalisation and intensive care, while only income displayed a
strong independent gradient in COVID-19 deaths. Importantly,
we found no support for pre-existing chronic diseases under-
pinning the inequalities. This finding suggests that inequalities
in consequences of coronavirus infection are not merely rooted
in already manifest inequalities in chronic disease as has been
suggested previously'”™" and raises questions about inequitable
management of confirmed COVID-19 cases in the Swedish
healthcare system.

For education and particularly country of birth, the magnitude
of social gradients decreased with increasing disease severity;
steeper gradient for hospitalisation, slightly lower for intensive
care admissions, and little to no gradient observed for deaths.
These findings correspond to a few US studies.”™* 3* Although
the present study did not explore the reasons behind this pattern,
results specifically point to inequalities emerging in the process
from confirmed disease to hospital admission, rather than during
specialised care. Greater social inequities for health promo-
tion and in primary rather than secondary healthcare match
previous Swedish studies on general healthcare utilisation.* **
These are possibly explained by disparities in health literacy,
healthcare-secking behaviour and healthcare access, which could

result in disadvantaged populations reaching healthcare with
more advanced COVID-19 disease. Such inequalities would be
expected to be cumulative to any inequities in exposure and
immunity' as well as in testing. As inequalities at admission
seemed to be decreasing with more severe outcomes, this could
signify more equitable management of patients once admitted.

Income inequalities displayed a different overall pattern,
with moderate but consistent gradients across all COVID-19
outcomes, which were not mitigated on admission to hospital.
Despite the universal healthcare coverage and the low out-of-
pocket patient fees in Swedish healthcare, previous Swedish
reports have also found income-related inequalities in health-
care utilisation in Sweden.”® ** A relative lack of means could
potentially contribute to individuals seeking healthcare at more
advanced COVID-19 disease. As increased virus load also has
been shown to predict COVID-19 survival,” differential expo-
sure to COVID-19 could also play a role. These could be linked
to the risks in low-income occupations such as blue-collar service
workers®® or to living in more crowded disadvantaged neigh-
bourhoods.” This finding should warrant research and policy
actors to investigate financial barriers to optimal COVID-19
care in Sweden.

Our findings are particularly important to interpret in the
light of robust disparities in mortality by country of birth in the
total population of Sweden'” and Stockholm Region.' These are
studies with different target populations but comparable to our
study when it comes to data sources, measures and context. Inter-
estingly, while we were unable to find any lower survival among
immigrants with COVID-19, which corresponds to results of a
US study also covering a long time period,” supplementary anal-
yses restricting the analyses to deaths captured by the aforemen-
tioned Swedish studies indeed showed higher death rate among
immigrants from LICs. This finding may reflect an evolvement
of inequality patterns along the course of the pandemic, as has
been suggested by Clouston et al."’ We therefore caution against
generalising results from restricted periods of the pandemic,
which worryingly represents a large share of the current evidence
on social inequalities in COVID-19 outcomes.'? Further research
into the temporal dynamics of social inequalities in COVID-19
outcomes is necessary, not the least considering the ongoing
global rollout of COVID-19 vaccination across the world which
again could be expected to change patterns.
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The seemingly paradoxical finding of lower hospitalisation
and intensive care admissions but higher death rate among the
oldest old and those living in special accommodations (including
nursing homes) likely reflects Sweden’s tragic and harshly crit-
icised failure to protect the frail elderly in nursing homes from
severe COVID-19 disease and death,®*” with reports of lack of
medical examination and avoidance of hospitalisation in favour
of palliative care.”’

Methodological considerations

The study population comprised all confirmed COVID-19 cases
in the first wave of the pandemic in Sweden. This is a consider-
able strength compared with studies from other countries based
on non-random samples*** 3% and restricted time periods.? *3*
Nevertheless, it is important to emphasise that the population
does not represent the total population of COVID-19 cases in
Sweden. The limited testing capacity in the early stage of the
pandemic and the reliance of voluntary self-testing outside the
clinical setting may have contributed to systematically lower
identification rate of cases among disadvantaged socioeconomic
groups and healthier populations outside the attention of health-
care. The extent of this bias is however unknown.

We applied a summary measure of comorbidities, which,
while suitable to study severe COVID-19 outcomes®! in Swedish
register-based research,”® is based on diagnoses recorded in
hospital setting and does not completely capture the influence of
comorbidities on COVID-19 outcomes. For example, alternative
summary measures, such as frailty indices, also predict severe
COVID-19 outcomes.*® Summary measures such as the CCI also
likely underestimate the differential prognostic value of specific
diseases.”

Unaccounted for in the study is the competing risk for death,
which could bias the inequality estimates of the hospitalisation
and intensive care outcomes, particularly if disadvantaged popu-
lations die earlier and outside the hospital setting. Moreover, the
metric used only captures relative, that is, ratio-based, inequal-
ities, and does not display absolute, that is, difference-based,
health inequalities.

What is already known on this subject

» Studies have shown a social patterning of COVID-19
outcomes but are mostly based on limited samples from
restricted time periods.

» A prevalent hypothesis is that inequalities in severe
consequences of SARS-CoV-2 infection, such as survival, are
attributed to pre-existing disparities in chronic disease.

What this study adds

» Examining all confirmed COVID-19 cases of the first
pandemic wave in Sweden, we demonstrate widespread
social gradients in severe COVID-19 outcomes that are
independent of comorbidities.

» Results suggest that social gradients in severe COVID-19
outcomes emerge already prior to hospital admission, which
calls for equity-promoting strategies to monitor test-positive
cases.

CONCLUSIONS AND POLICY IMPLICATIONS

Our findings point to widespread social gradients in severe
COVID-19 outcomes among all Swedish first-wave SARS-CoV-2
cases, with no support for the inequalities being rooted in pre-
existing disparities in chronic diseases. The findings instead
suggest that inequitable outcomes of COVID-19 infection arise
prior to hospital admission and may thereby be amenable to
equitable management by the health system. Tailoring informa-
tion dissemination to underserved populations and closer moni-
toring test-positive COVID-19 cases could potentially prove
to be important measures to promote equitable COVID-19-
related healthcare and outcomes during the sustained pandemic.
Targeted efforts for the ongoing vaccination rollout may also
be required to safeguard against inequitable vaccination adding
to the inequities reported in this study. While both the specific
patterns of COVID-19 inequalities and the possibilities for public
health and healthcare responses are highly context-dependent,
consideration of these recommendations is of global relevance.

Correction notice This article has been corrected since it first published. The open
access licence type has been changed to CC BY.

Twitter Osvaldo Fonseca-Rodriguez @Fonseca_Osvaldo

Acknowledgements We thank Wolfgang Lohr, Medical Data Manager at Dept of
Epidemiology and Global Health, Umea University, for his invaluable assistance in
managing the data of the project.

Contributors A-MFC conceived the original idea, secured funding and

retrieved the data for the project; all authors jointly developed the idea for the
manuscript; OFR contributed to the management of data and operationalisations;
MSS performed all analyses; PEG performed the literature review and wrote the
manuscript; all authors contributed with interpretations on the results, commented
on the manuscript and approved of the final submission.

Funding Strategic funding during 2020 from the Department of Clinical
Microbiology, Umea University (A-MFC); Central ALF funding from Region
Vasterbotten (RV-836351) (A-MFC); Base unit ALF funding Clinical Microbiology
(RV-939769) (A-MFC).

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval Ethical approval was granted by the Ethical Review Authority of
Sweden (Ref. No. 2020-02150).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are
not publicly available.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.01.

ORCID iDs
Per E. Gustafsson http://orcid.org/0000-0002-3972-5362
Osvaldo Fonseca-Rodriguez http://orcid.org/0000-0002-0253-5928

REFERENCES
1 Marmot M, Allen J. COVID-19: exposing and amplifying inequalities. / Epidemiol
Community Health 2020;74:681-2.
2 Bambra C, Riordan R, Ford J, et a/. The COVID-19 pandemic and health inequalities. /
Epidemiol Community Health 2020;74:964-8.

266 Gustafsson PE, et al. J Epidemiol Community Health 2022;76:261-267. doi:10.1136/jech-2021-216778

1ybuAdoo
Aq pa1oaloid 1senb Agq 220z ‘8T AeN uo /wod fwg yosly:dny wouy papeojumoq TZ0Z Jequialdes GT uo 8//9T12-1202-Yo8l/9ETT 0T st paysiignd 1s11) :yjeaH Anunwwo) |jolwaspid3 ¢


https://twitter.com/Fonseca_Osvaldo
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-3972-5362
http://orcid.org/0000-0002-0253-5928
http://dx.doi.org/10.1136/jech-2020-214720
http://dx.doi.org/10.1136/jech-2020-214720
http://dx.doi.org/10.1136/jech-2020-214401
http://dx.doi.org/10.1136/jech-2020-214401
http://jech.bmj.com/

Original research

3

20

21

22

Khalatbari-Soltani S, Cumming RC, Delpierre C, et al. Importance of collecting data on
socioeconomic determinants from the early stage of the COVID-19 outbreak onwards.
J Epidemiol Community Health 2020;74:620-3.

Dowd JB, Andriano L, Brazel DM, et al. Demographic science AIDS in

understanding the spread and fatality rates of COVID-19. Proc Nat/ Acad Sci U S A
2020;117:9696-8.

Ludvigsson JF. The first eight months of Sweden’s COVID-19 strategy and the key
actions and actors that were involved. Acta Paediatr 2020;109:2459-71.

Habib H. Has Sweden's controversial covid-19 strategy been successful? BMJ
2020;369:m2376.

Vogel G. Sweden's gamble. Science 2020;370:159-63.

Irwin RE. Misleading media coverage of Sweden'’s response to covid-19. BM/
2020;370:m3031.

Socialdepartamentet. Public health policy to be more equitable. In: Ministry of health
and social affairs, 2018.

Public Health Agency of Sweden. Nationell plan for vaccination mot covid-19. Public
Health Agency of Sweden 2021.

de Lusignan S, Dorward J, Correa A, et al. Risk factors for SARS-CoV-2 among patients
in the oxford royal college of general practitioners research and surveillance centre
primary care network: a cross-sectional study. Lancet Infect Dis 2020;20:1034—-42.
Sze S, Pan D, Nevill CR, et al. Ethnicity and clinical outcomes in COVID-19: a
systematic review and meta-analysis. £ClinicalMedicine 2020;29:100630.

Emeruwa UN, Ona S, Shaman JL, et al. Associations between built environment,
neighborhood socioeconomic status, and SARS-CoV-2 infection among pregnant
women in New York City. JAMA 2020;324:390.

Patel AP, Paranjpe MD, Kathiresan NP, et al. Race, socioeconomic deprivation, and
hospitalization for COVID-19 in english participants of a national biobank. Int J Equity
Health 2020;19:114.

Clouston SAP, Natale G, Link BG. Socioeconomic inequalities in the spread of
coronavirus-19 in the United States: a examination of the emergence of social
inequalities. Soc Sci Med 2021;268:113554.

Calderdn-Larraiiaga A, Vetrano DL, Rizzuto D, et al. High excess mortality in areas
with young and socially vulnerable populations during the COVID-19 outbreak in
Stockholm region, Sweden. BMJ Glob Health 2020;5:e003595.

Drefahl S, Wallace M, Mussino E, et al. A population-based cohort study of
socio-demographic risk factors for COVID-19 deaths in Sweden. Nat Commun
2020;11:5097.

Rostila M, Cederstrom A, Wallace M. Disparities in COVID-19 deaths by country

of birth in Stockholm, Sweden: a total population based cohort study. Stockholm
University: Stockholm Research Reports in Demography, 2020.

Diderichsen F. How did Sweden fail the pandemic? Int J Health Serv
2021:002073142199484.

Naylor-Wardle J, Rowland B, Kunadian V. Socioeconomic status and cardiovascular
health in the COVID-19 pandemic. Heart 2021;107:358-65.

Tuty Kuswardhani RA, Henrina J, Pranata R, et al. Charlson comorbidity index and a
composite of poor outcomes in COVID-19 patients: a systematic review and meta-
analysis. Diabetes Metab Syndr 2020;14:2103-9.

Sommer |, Griebler U, Mahlknecht P, et al. Socioeconomic inequalities in non-
communicable diseases and their risk factors: an overview of systematic reviews. BMC
Public Health 2015;15:914.

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Gu T, Mack JA, Salvatore M, et al. Characteristics associated with racial/ethnic
disparities in COVID-19 outcomes in an academic health care system. JAMA Netw
Open 2020;3:e2025197.

Mufioz-Price LS, Nattinger AB, Rivera F, et al. Racial disparities in incidence and
outcomes among patients with COVID-19. JAMA Netw Open 2020;3:62021892.
Lobelo F, Bienvenida A, Leung S, et al. Clinical, behavioural and social factors
associated with racial disparities in COVID-19 patients from an integrated
healthcare system in Georgia: a retrospective cohort study. BMJ Open
2021;11:044052.

Our World in Data. Coronavirus pandemic: daily updated research and data, 2021.
Available: https://ourworldindata.org/grapher/biweekly-covid-deaths?tab=chart&
time=2020-03-14.latest&country=~SWE&region=Europe [Accessed 02 Feb 2021].
The World Bank. GNI per capita, World Bank Atlas method (current US$). The World
Bank, 2020.

Ludvigsson JF, Appelros P, Askling J, et al. Adaptation of the charlson comorbidity
index for register-based research in Sweden. Clin Epidemiol 2021;13:21-41.
Brandén M, Aradhya S, Kolk M, et al. Residential context and COVID-19 mortality
among adults aged 70 years and older in Stockholm: a population-based,
observational study using individual-level data. Lancet Healthy Longev 2020;1:e80-8.
Moreno-Betancur M, Latouche A, Menvielle G, et al. Relative index of inequality
and slope index of inequality: a structured regression framework for estimation.
Epidemiology 2015;26:518-27.

Sergeant JC, Firth D. Relative index of inequality: definition, estimation, and inference.
Biostatistics 2006;7:213-24.

Price-Haywood EG, Burton J, Fort D, et a/. Hospitalization and mortality among
black patients and white patients with Covid-19. N Engl J Med Overseas Ed
2020;382:2534-43.

Wagenius CM, San Sebastian M, Gustafsson PE, et al. Access for all? Assessing
vertical and horizontal inequities in healthcare utilization among young people in
northern Sweden. Scand J Public Health 2019;47:1-8.

San Sebastian M, Mosquera PA, Ng N, et al. Health care on equal terms? Assessing
horizontal equity in health care use in northern Sweden. Eur J Public Health
2017,27:637-43.

Pujadas E, Chaudhry F, McBride R, et al. SARS-CoV-2 viral load predicts COVID-19
mortality. Lancet Respir Med 2020;8:¢70.

Public Health Agency of Sweden. Férekomst av covid-19 i olika yrkesgrupper -
Bekréftade covid-19 fall i Sverige 13 mars - 27 maj 2020 [in Swedish, English
translation "Occurrence of COVID-19 in different occupational groups: conformed
covid-19 cases in Sweden March 13 - May 27 2020". Public Health Agency of
Sweden, 2020.

Coronakommissionen. Aldreomsorgen under pandemin: Delbeténkande av
Coronakommissionen. In: Statens Offentliga Utredningar 2020:80. Stockholm:
Socialdepartementet, 2020.

Sablerolles RSG, Lafeber M, van Kempen JAL, et al. Association between clinical
frailty scale score and hospital mortality in adult patients with COVID-19 (comet): an
international, multicentre, retrospective, observational cohort study. Lancet Healthy
Longev 2021;2:e163-70.

Bellou V, Tzoulaki |, van Smeden M, et al. Prognostic factors for adverse outcomes in
patients with COVID-19: a field-wide systematic review and meta-analysis. Eur Respir
J2021. doi:10.1183/13993003.02964-2020. [Epub ahead of print: 25 Jun 2021].

Gustafsson PE, et al. J Epidemiol Community Health 2022;76:261-267. doi:10.1136/jech-2021-216778 267

1ybuAdoo
Aq pa1oaloid 1senb Agq 220z ‘8T AeN uo /wod fwg yosly:dny wouy papeojumoq TZ0Z Jequialdes GT uo 8//9T12-1202-Yo8l/9ETT 0T st paysiignd 1s11) :yjeaH Anunwwo) |jolwaspid3 ¢


http://dx.doi.org/10.1136/jech-2020-214297
http://dx.doi.org/10.1073/pnas.2004911117
http://dx.doi.org/10.1111/apa.15582
http://dx.doi.org/10.1136/bmj.m2376
http://dx.doi.org/10.1126/science.370.6513.159
http://dx.doi.org/10.1136/bmj.m3031
http://dx.doi.org/10.1016/S1473-3099(20)30371-6
http://dx.doi.org/10.1016/j.eclinm.2020.100630
http://dx.doi.org/10.1001/jama.2020.11370
http://dx.doi.org/10.1186/s12939-020-01227-y
http://dx.doi.org/10.1186/s12939-020-01227-y
http://dx.doi.org/10.1016/j.socscimed.2020.113554
http://dx.doi.org/10.1136/bmjgh-2020-003595
http://dx.doi.org/10.1038/s41467-020-18926-3
http://dx.doi.org/10.1177/0020731421994848
http://dx.doi.org/10.1136/heartjnl-2020-318425
http://dx.doi.org/10.1016/j.dsx.2020.10.022
http://dx.doi.org/10.1186/s12889-015-2227-y
http://dx.doi.org/10.1186/s12889-015-2227-y
http://dx.doi.org/10.1001/jamanetworkopen.2020.25197
http://dx.doi.org/10.1001/jamanetworkopen.2020.25197
http://dx.doi.org/10.1001/jamanetworkopen.2020.21892
http://dx.doi.org/10.1136/bmjopen-2020-044052
https://ourworldindata.org/grapher/biweekly-covid-deaths?tab=chart&time=2020-03-14.latest&country=~SWE&region=Europe
https://ourworldindata.org/grapher/biweekly-covid-deaths?tab=chart&time=2020-03-14.latest&country=~SWE&region=Europe
http://dx.doi.org/10.2147/CLEP.S282475
http://dx.doi.org/10.1016/S2666-7568(20)30016-7
http://dx.doi.org/10.1097/EDE.0000000000000311
http://dx.doi.org/10.1093/biostatistics/kxj002
http://dx.doi.org/10.1056/NEJMsa2011686
http://dx.doi.org/10.1177/1403494818774965
http://dx.doi.org/10.1093/eurpub/ckx031
http://dx.doi.org/10.1016/S2213-2600(20)30354-4
http://dx.doi.org/10.1016/S2666-7568(21)00006-4
http://dx.doi.org/10.1016/S2666-7568(21)00006-4
http://dx.doi.org/10.1183/13993003.02964-2020
http://dx.doi.org/10.1183/13993003.02964-2020
http://jech.bmj.com/

	Inequitable impact of infection: social gradients in severe COVID-­19 outcomes among all confirmed SARS-­CoV-­2 cases during the first pandemic wave in Sweden
	Abstract
	Introduction
	Methods
	Population and design
	Measures
	COVID-19 outcomes
	Inequality indicators
	Covariates

	Statistical analysis

	Results
	Discussion
	Methodological considerations

	Conclusions and policy implications
	References


