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Summary
Background Knowledge of the adverse problems related to SARS-CoV-2 infection in marginalised and deprived
groups may help to prioritise more preventive efforts in these groups. We examined adverse outcomes associated
with SARS-CoV-2 infection among vulnerable segments of society.

Methods Using health and administrative registers, a population-based cohort study of 4.4 million Danes aged at
least 15 years from 27 February 2020 to 15 October 2021 was performed. People with 1) low educational level, 2)
homelessness, 3) imprisonment, 4) substance abuse, 5) supported psychiatric housing, 6) psychiatric admission,
and 7) severe mental illness were main exposure groups. Chronic medical conditions were included for comparison.
COVID-19-related outcomes were: 1) hospitalisation, 2) intensive care, 3) 60-day mortality, and 4) overall mortality.
PCR-confirmed SARS-CoV-2 infection and PCR-testing were also studied. Poisson regression analysis was used to
compute adjusted incidence and mortality rate ratios (IRRs, MRRs).

Findings Using health and administrative registers, we performed a population-based cohort study of 4,412,382
individuals (mean age 48 years; 51% females). In all, 257,450 (5¢8%) individuals had a PCR-confirmed SARS-CoV-2
infection. After adjustment for age, calendar time, and sex, we found that especially people experiencing homeless-
ness had high risk of hospitalisation (IRR 4¢36, 95% CI, 3¢09-6¢14), intensive care (IRR 3¢12, 95% CI 1¢29-7¢52), and
death (MRR 8¢17, 95% CI, 3¢66-18¢25) compared with people without such experiences, but increased risk was found
for all studied groups. Furthermore, after full adjustment, including for status of vaccination against SARS-CoV-2
infection, individuals with experiences of homelessness and a PCR-confirmed SARS-CoV-2 infection had 41-times
(95% CI, 24¢84-68¢44) higher risk of all-cause death during the study period compared with individuals without.
Supported psychiatric housing was linked to almost 3-times higher risk of hospitalisation and 60-day mortality
following SARS-CoV-2 infection compared with the general population with other living circumstances.
*Corresponding author at: Gentofte Hospitalsvej 15, 4th floor, DK-2900 Hellerup, Denmark.
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Interpretation Socially marginalised and psychiatrically vulnerable individuals had substantially elevated risks of
adverse health outcomes following SARS-CoV-2 infection. The results highlight that pandemic preparedness should
address inequalities in health, including infection prevention and vaccination of vulnerable groups.

Funding Novo Nordisk Foundation.

Copyright � 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

We searched PubMed for studies of social, psychiat-
ric, and medical factors and Covid-19-related out-
comes. We used the terms: “homeless*”, “shelter*”,
“prison*”, “jail*”, “detention*”, “psych*”, “mental*”,
“substance*”, “misuse*”, “alcohol use disorder*”,
“drug use disorder*”, (combined with “OR”) “AND”
“coronavirus”, “Covid-19”, “2019-nCoV”, “SARS-CoV-2”
(combined with “OR”) in November, 2020 without
language restrictions. Since, we have received
weekly alerts. We scanned reference lists to identify
important papers.

Predictors of adverse Covid-19-related outcomes
include e.g. high age, male sex, non-White ethnicity,
and medical disorders. Meta-analyses have confirmed a
link between mental disorders and increased risk of
severe health outcomes in people with SARS-CoV-2
infection. Studies have linked overcrowding to
increased risk of SARS-CoV-2 infection and outbreaks of
SARS-CoV-2 infection have been reported in homeless
shelters and prisons, primarily in the USA.

Little is known of the associations between specific
factors measuring social deprivation and the risk of
morbidity and mortality following SARS-CoV-2 infection.
Population-based studies including homelessness,
imprisonment, and specific psychiatric groups, e.g. indi-
viduals in supported psychiatric housing, have been
lacking.

Most studies of vulnerable subgroups have been
limited to selected geographical areas, included small
study samples, cross-sectional study design, or short fol-
low-up.

No previous population-based study has been able
to analyse risks of adverse health problems according
to social, psychiatric, and medical predictors in detail
with long follow-up ending after all individuals have
been offered two doses of vaccine against SARS-CoV-2
infection.
Added value of this study

We studied 4.4 million individuals from age 15 years
and above followed for around 20 months with com-
plete information on PCR-test and SARS-CoV-2 infection.
A total of 257,450 (5¢8%) individuals had a confirmed
SARS-CoV-2 infection.

Socially marginalised and psychiatrically vulnerable
individuals had substantially elevated risks of adverse
health outcomes following SARS-CoV-2 infection. Repre-
sentative data on people with low educational level, or
experiences of homelessness, imprisonment, substance
abuse, supported psychiatric housing, psychiatric
admission, severe mental illness, and chronic medical
conditions were presented. Even following adjustment
for vaccination status, most of these groups had
markedly higher morbidity and mortality than people
from the general population not being in the specific
groups.

Especially high vulnerability was found for individu-
als experiencing homelessness. Among people with
SARS-CoV-2 infection, people using homeless shelters in
Denmark had around 4-times higher risk of hospital
admission and 8-times higher risk of death compared
with people without homeless shelter experiences.

Implications of all the available evidence

The compiled evidence confirms that psychiatrically vul-
nerable groups, including those in supported psychiat-
ric housing, constituted a high-risk group as regards
adverse health outcomes in high-income countries dur-
ing the COVID-19 pandemic. Individuals with psychiatric
morbidity should be prioritised to an even higher
degree for infection prevention and vaccination. In
addition to this, we now have documentation of severe
health problems during the pandemic associated with
homelessness, imprisonment, and a low educational
level in Denmark with a well-established safety net.

While our results suggested lower PCR-confirmed
infection rates and reduced testing in the socially and
psychiatrically vulnerable groups, these findings are not
consistent or easily compared with other studies. The
www.thelancet.com Vol 20 Month September, 2022
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compiled evidence strengthens the argument of focus-
ing on infection prevention and vaccination of vulnera-
ble groups, with a stronger focus on psychiatric and
social vulnerability to reduce problems with inequality
in health during and after a pandemic. From a research
perspective, there is a need for studying vulnerable
groups in future e.g. focusing on the effect of vaccina-
tion, the interaction between social factors and psychi-
atric morbidity, test patterns, and long-term morbidity.
The coronavirus disease 2019 (COVID-19) pandemic
remains a worldwide health problem.1 Vaccine against
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection has high efficacy.2 Two doses of the
mRNA COVID-19 vaccines (and during a later stage
where the delta (B.1.617.2) variant became the predomi-
nant driver of the pandemic a third dose) have been
found to have high effectiveness in preventing SARS-
CoV-2 infection and protecting against morbidity and
mortality across age-groups based on real-world data.3,4

However, factors such as limited access to vaccines, fear
of being vaccinated, and possible waning immunity
over time, make global immunisation a difficult target
to reach.5 Socially marginalised individuals (especially
those experiencing homelessness or imprisonment)6,7

but also individuals with mental disorders and sub-
stance abuse have been found have lower vaccine uptake
than in the general population in a few high-income
countries.

Crowding has been associated with an increased risk
of infection.8 Marginalised population groups such as
people experiencing homelessness, psychiatric disor-
ders, and imprisonment are often living in crowded set-
tings9 and have high prevalence of underlying
disorders.10 Chronic medical conditions and mental dis-
orders have consistently been associated with increased
risk of hospitalisation and mortality in people infected
with SARS-CoV-2.11-13 In a systematic review of people
experiencing homelessness, increased risk of SARS-
CoV-2 infection, morbidity and mortality has been sug-
gested, but the literature is scarce.14 However, the
importance of preventing infections in marginalised
sub-groups has been claimed,15-17 and vaccination
against COVID-19 has in some countries, e.g. in Den-
mark and the UK, been prioritised also for people with
severe mental disorders,15,18 and people experiencing
homelessness.7 COVID-19 outbreaks have been
reported in shelters for homeless people,14,19 but repre-
sentative data on individuals experiencing homeless-
ness, imprisonment, supported psychiatric housing,
and substance abuse is lacking.20,21 Social disadvantage,
psychiatric disorders, and chronic medical conditions
often co-occur,16 and studies compiling information on
these factors are relevant.

Our primary hypotheses were that population
groups with experiences of social marginalisation
and with severe psychiatric morbidity, including
w.thelancet.com Vol 20 Month September, 2022
substance abuse, would have high risk of SARS-CoV-
2 infection-related severe health outcomes similar to
or even higher than people with chronic medical
conditions. Our secondary hypothesis was that espe-
cially people experiencing social marginalisation, but
also people with severe psychiatric morbidity and
substance abuse would have high risk of PCR-con-
firmed SARS-CoV-2 infection compared with individ-
uals from the general population.

Using Danish nationwide registers, we aimed to
study whether social marginalisation and psychiatric
vulnerability were associated with SARS-CoV-2 infec-
tion-related adverse outcomes: hospitalisation, intensive
care, and mortality in a population-based sample.
Methods

Study design and participants
We conducted a nationwide, register-based cohort study
including all people born prior to October 15, 2006,
from 15 years of age and above living in Denmark on
Feb 27, 2020 (i.e. date of the first confirmed case of
SARS-CoV-2 infection in Denmark)22 with follow-up
until Oct 15, 2021. Individuals having their 15th year
birthday during the follow-up period were included
from that specific date. The cohort was constructed
using the Danish Civil Registration System, containing
information on e.g. vital status and postal address. Dan-
ish residents are assigned a personal identification
number (the CPR number) which is used for accurate
linkage between registers.23,24
Data
Exposures. Population groups selected for this study
were individuals with 1) a low educational level, /or
experiences of 2) homelessness, 3) imprisonment, 4)
substance abuse, 5) supported psychiatric housing, 6)
psychiatric admission, 7) severe mental illness, and 8)
chronic medical condition. The last group was primarily
included for comparison as medical disorders have
been documented to be associated with high risk of
severe outcomes in several large studies.13 Disorders
were pre-existing, referring to the time prior to Feb 27,
2020. Supplementary groups studied were individuals
with crisis shelter stays, alcohol and drug use disorder,
and any mental disorder (Appendix, Supplementary
table 1, p. 1-2).

To establish the most recent residence in supported
psychiatric and social (i.e. homeless and crisis shelters)
housing facilities, postal addresses of these facilities in
Denmark from the official Danish national website
“Tilbudsportalen” were obtained and linked with indi-
vidual-level postal address information from the Civil
Registration Register. Information on homelessness
3
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was primarily retrieved from the Danish Homeless Reg-
ister, 1999-2020. Individuals experiencing homeless-
ness was in the current study defined as individuals
having at least one homeless shelter contact or residing
in a homeless shelter at some point during a three-year
period from 2018 and until 2021. Thus, the definition
was comparable to previous Danish register-studies of
homelessness.25,26 This definition covers primarily the
homeless shelter population using temporary accom-
modation under the Consolidation Act on Social Serv-
ices, Section 110. In Denmark, this type of
accommodation should be offered by the municipalities
to people without a home or who cannot live in their
own home who also have special problems and need
some extra support. A CPR-number is furthermore
required for this type of accommodation.27 Thus, if
compared to FEANTSA’s homelessness definition, our
definition covers primarily the “Houselessness” under
the operational category: “People in accommodation for
homelessness”.28 Since our definition is broad, it also
includes people shifting between a living situation as
“Houseless” and some of the other living situations:
“Rooflessness”, “Insecure Housing”, and “Inadequate
Housing”.28 Data on imprisonments was obtained from
the Danish Central Criminal Register, 1991-2020, and
information on imprisonment was included for the
period 2018-2020 (Appendix, Supplementary table 1,
p. 1-2).

Data on psychiatric disorders including substance
abuse was obtained from the Danish National Patient
Register,29 containing information on public and pri-
vate psychiatric admissions, outpatient contacts, and
diagnoses since 1995. Information on psychiatric diag-
noses 1967-1995 was retrieved from the Danish Psychi-
atric Central Research Register.30 The psychiatric
diagnoses were defined according to the international
Classification of Disease 10th revision (ICD-10) and cor-
responding ICD-8 codes. Relevant prescriptions from
the Danish National Prescription Registry31 and self-
reported data on treatment from the Registry of Drug
Abusers Undergoing Treatment (SIB)32 and the
National Registry of Alcohol Treatment (NAB)33 were
included in the definition of substance abuse. For alco-
hol use disorders, a few medical diagnostic codes were
included (Appendix, Supplementary table 2, p. 3).

Information on medical conditions was collected
from the Danish National Patient Register29 providing
dates and diagnoses from all somatic inpatient contacts
since 1977 and outpatient contacts since 1995. An algo-
rithm from a previous study including 31 specific medi-
cal conditions was used in the definitions.34

Information on dispensed prescriptions including dates
and Anatomical Therapeutic Chemical (ATC) codes was
collected from the Danish National Prescription Regis-
try (Appendix, Supplementary table 3, p. 4-5). The 31
medical conditions could furthermore be placed within
the following nine general medical condition categories:
the circulatory system, the endocrine system, the pul-
monary system and allergy, the gastrointestinal system,
the urogenital system, the musculoskeletal system, the
haematological system, cancers, and the neurological
system.34 We defined chronic medical conditions as
having at least one of these previously defined condi-
tions whereas the non-exposed group included individu-
als without any of these conditions.

Legal permission was obtained from the Danish
Data Protection Agency (P-2020-439), Statistics Den-
mark, and the Danish Health Data Authority. Ethical
permission is not required for register-based studies
according to Danish regulations.
Outcomes. The primary outcomes were a) hospitalisa-
tion (duration more than 12 hours) and b) intensive care
within 14 days from a PCR-confirmed SARS-CoV-2
infection, c) mortality within 60 days from a positive
PCR-test, and d) all-cause mortality during follow-up.
Dates of all positive PCR-tests based on throat swabs
and conducted in any of the free-of-charge Danish test
stations were retrieved from the national Danish Micro-
biology Database (MiBa),22,35 with the last update on
October 15, 2021. PCR-test data were provided through
the Danish Health Data Authority. Information on fol-
low-up mortality was provided from the Civil Registra-
tion System.

We also studied the secondary outcomes a) PCR-con-
firmed SARS-CoV-2 infection and b) having a PCR-test
during the study period.
Statistical analyses
Each of the four outcomes (a-d) were analysed sepa-
rately. Thus, we fitted a separate Poisson regression
model for each of the outcomes. In the analyses of out-
come a-c, cohort participants were followed from the
date of a PCR-confirmed SARS-CoV-2 infection (at the
earliest on the cohort member’s 15th birthday) and until
they experienced one of the outcomes (hospitalisation,
intensive care, or mortality), were lost to follow-up e.g.
due to emigration, or end of the study period on Oct 15,
2021. In the two analyses of morbidity (a-b), individuals
who died during follow-up were censored. In the analy-
sis of outcome d (i.e. all-cause mortality during follow-
up) and of the secondary outcome a (i.e. PCR-confirmed
SARS-CoV-2 infection), cohort members were followed
from Feb 27, 2020 or their 15th birthday (flow-chart in
Appendix p. 6). Poisson regression analysis approxi-
mates a Cox regression and was used to calculate inci-
dence rate ratios (IRRs), mortality rate ratios (MRRs),
and Wald 95% confidence intervals (CIs). We per-
formed the regression analyses for each of the eight
population groups (i.e., eight main analyses per out-
come) in which all individuals qualifying for the analy-
sis were included, without adjusting for the other
www.thelancet.com Vol 20 Month September, 2022
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population groups. All the regression analyses were
adjusted for age (5-year groups), sex (male, female), and
calendar time (in months). In a second model, country
of birth (Denmark, other Western countries, or non-
Western countries), living area (defined as the area of
postal address at the time of study separated in the
following 11 large Danish areas: Capital City Region
Copenhagen (including any missing values), Metro-
politan Copenhagen, North Zealand, West- and
South Zealand, East Zealand, Region of Southern
Denmark, North Jutland Region, Mid Jutland
Region, West Jutland Region, South Jutland Region,
and Bornholm), and vaccination against SARS-CoV-2
infection (2 doses of vaccine, 1 dose, or no vaccine)
were included.7 We furthermore included a fully
adjusted model that in addition to model 2 were
mutually adjusted for all other population groups
studied (outcome a-c). Residential covariates were
handled as time-dependent variables. An age- and
sex-adjusted logistic regression analysis was con-
ducted to study the association between the popula-
tion groups and the odds of having a PCR-test for
SARS-CoV-2 infection (secondary outcome b). Fur-
thermore, we studied whether sex modified the asso-
ciation between each population group and
hospitalisation and death (outcome a and c), respec-
tively, on the multiplicative (tested with Likelihood
ratio test) and additive scale (calculation of RERI) in
the individuals with SARS-CoV-2-infection.36

To study the absolute numbers of the adverse out-
comes (a-c) as well as PCR-confirmed SARS-CoV-2 infec-
tion by population group compared with “non-exposed”
(i.e. those not qualifying for the specific population group
studied in each analysis) individuals in the general Danish
population aged 15 years and above (for these analyses,
individuals had to be 15 years of age from the beginning of
follow-up), the Aalen-Johansson estimator was used to cal-
culate cumulative incidence functions considering com-
peting risks from loss to follow-up due to emigration.37

Additionally, in the analysis of hospitalisation and inten-
sive care (a-b) and of SARS-CoV-2 infection, death was
also considered as a competing risk. Gray’s test was used
to study whether there was evidence of difference between
the groups at a type I error rate (alpha) of 5%.38 All curves
were smoothed to ensure anonymity of cohort members.
The statistical analyses were performed using SAS soft-
ware (version 9.4.).
Role of the funding source
The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the manuscript. SFN, MO, and CH had full
access to all the data in the study, and all authors
approved the final manuscript as submitted.
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Results
From February 27, 2020, to October 15, 2021, 4,412,382
individuals (2,232,650 females and 2,179,732 males)
were included in the cohort accounting for 7,007,288
person-years at risk. The mean age of participants was
48 (SD=20) years. The sub-cohort with PCR-confirmed
SARS-CoV-2 infection consisted of 257,450 (5¢8%) indi-
viduals with a mortality rate (MR) of 71 (95% CI, 68-73)
per 1000 person-years. All the studied population
groups had higher unadjusted rates of adverse out-
comes (Table 1). Results for the supplementary popula-
tion groups are presented in Appendix.
Hospitalisation
In all, 11,232 (4¢5%) out of 249,924 individuals with
PCR-confirmed SARS-CoV-2 infection were hospital-
ised within two weeks from their positive PCR-test.
The cumulative probability of hospitalisation was
increased for all the main population groups com-
pared with non-exposed individuals from the back-
ground population (Figure 1). Among people
experiencing homelessness, 11¢6% (95% CI 8¢1-15¢7)
were hospitalised. High cumulative probability was
also found in individuals with severe psychiatric
morbidity, especially for those with psychiatric
admission (13¢6%, 95% CI 11¢2-16¢2) (details of CIFs
in Appendix, Supplementary table 4, p. 7).

In analyses adjusted for sex, age, and calendar time, all
population groups had increased risk of hospitalisation fol-
lowing SARS-CoV-2 infection compared with non-exposed
individuals in the background population. Overall, these
results remained after further adjustments (except from
psychiatric admission according to hospitalisation in the
mutually adjusted model as it became statistically insignif-
icant) (estimates in Appendix, Supplementary table 5-6, p.
8-9). Homelessness was associated with highest risk of
hospitalisation (IRR 4¢36, 95% CI 3¢09-6¢14), and individ-
uals with supported psychiatric housing had almost
3-times higher risk of being hospitalised (IRR 2¢79, 95%
CI 2¢04-3¢83) than those in other living environments.
People with a low educational level also had higher risk of
hospitalisation than those with a higher educational level
(IRR 1¢44, 95% CI 1¢38-1¢50). We identified a statistically
significant interaction between sex and any chronic medi-
cal conditionon on the multiplicative and additive scale.
Males with chronic medical conditions had compared
with males without a 2.04-times increased risk of death
(95% CI 1.92-2.17) whereas the risk associated with
chronic medical conditions was lower in females having a
1.77-times increased risk of death (95% CI 1.65-1.90)
when compared with females without chronic medical
conditions. Also, sex was found to modify the effect of
severe mental illness on hospitalisation on the additive
scale with higher relative excess risk for males than for
females (Appendix, Supplementary table 7-8, p. 10-12).
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General population PCR-confirmed SARS-CoV-2 infected individuals

Deaths Deaths within 60 days Hospitalisation within 14 days Intensive care within 14 days

n Pyrs* MRy (95% CI) n Pyrs* MRy (95% CI) n Pyrs* IRy (95% CI) n Pyrs* IRy (95% CI)

Total 82,171 7,007,288 12 (12-12) 2863 40,446 71 (68-73) 11,232 10,057 1117 (1096-1138) 1395 10,387 134 (127-142)

Age, years mean (SD) 48 (20) 40 (18)

Sex

Male 41,910 3,457,218 12 (12-12) 1568 19,892 79 (75-83) 6062 4923 1231 (1201-1263) 921 5101 181 (169-193)

Female 40,261 3,550,070 11 (11-11) 1295 20,554 63 (60-67) 5170 5134 1007 (980-1035) 474 5286 90 (82-98)

Country of origin

Denmark 77,937 6,100,164 13 (13-13) 2574 29,593 87 (84-90) 8096 7332 1104 (1080-1129) 1027 7584 135 (127-144)

Other Western countries 2212 331,886 7 (6-7) 69 1932 36 (28-45) 393 494 796 (721-879) 43 505 85 (63-115)

Non-Western countries 2022 575,238 4 (3-4) 220 8922 25 (22-28) 2743 2232 1229 (1184-1276) 325 2298 141 (127-158)

Vaccination

Two doses 22,872 1,221,948 19 (18-19) 154 2678 58 (49-67) 490 628 781 (714-853) 43 644 67 (50-90)

One dose 3892 357,667 11 (11-11) 298 2937 101 (91-114) 529 665 796 (731-867) 44 681 65 (48-87)

No vaccine 55,407 5,427,673 10 (10-10) 2411 34,832 69 (67-72) 10,213 8765 1165 (1143-1188) 1308 9062 144 (137-152)

Low educational level

Yes 36,355 1,962,318 19 (18-19) 1242 12,563 99 (94-105) 3853 3109 1239 (1201-1279) 489 3227 152 (139-166)

No 45,816 5,044,970 9 (9-9) 1621 27,883 58 (55-61) 7379 6948 1062 (1038-1087) 906 7160 127 (119-135)

Homelessness

Yes 313 10,697 29 (26-33) 6 47 128 (58-286) 33 11 3084 (2192-4338) 5 12 413 (172-991)

No 81,858 6,996,591 12 (12-12) 2857 40,399 71 (68-73) 11,199 10,046 1115 (1094-1136) 1390 10,375 134 (127-141)

Imprisonment

Yes 881 59620 15 (14-16) 17 306 56 (35-89) 113 76 1491 (1240-1792) 21 79 265 (173-406)

No 81,290 6947668 12 (12-12) 2846 40,140 71 (68-74) 11,119 9981 1114 (1094-1135) 1374 10,308 133 (126-141)

Substance abuse

Yes 13,197 498,119 26 (26-27) 346 1873 185 (166-205) 938 454 2067 (1939-2203) 126 488 258 (217-307)

No 68,974 6,509,169 11 (11-11) 2517 38,574 65 (63-68) 10,294 9603 1072 (1051-1093) 1269 9899 128 (121-135)

Supported psychiatric housing

Yes 267 14,791 18 (16-20) 11 68 163 (90-294) 39 16 2409 (1760-3297) . . . . . . . . . . . .

No 81,904 6,992,497 12 (12-12) 2852 40,379 71 (68-73) 11,193 10,041 1115 (1094-1136) . . . . . . . . . . . .

Psychiatric admission

Yes 1723 21,534 80 (76-84) 75 115 655 (522-821) 99 3609 3609 (2964-4395) 13 31 416 (241-716)

No 80,448 6,985,754 12 (11-12) 2788 40,332 69 (67-72) 11,133 10,029 1110 (1090-1131) 1382 10,356 133 (127-141)

Severe mental illness

Yes 9277 375,747 25 (24-25) 354 1699 208 (188-231) 1073 409 2622 (2470-2784) 118 444 266 (222-318)

No 72,894 6,631,541 11 (11-11) 2509 38,747 65 (62-67) 10,159 9648 1053 (1033-1074) 1277 9943 128 (122-136)

Table 1 (Continued)
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Intensive care
Among individuals with SARS-CoV-2 infection, 1413
(0¢6%) were admitted to intensive care. Overall, the
probability of admission to intensive care after infection
was somewhat increased for the population groups
studied (Figure 1, Appendix, Supplementary table 9,
p. 13). Highest cumulative probability of intensive care
was found for people with psychiatric admission (1¢7%,
95% CI 1¢0-2¢8). Among most of the other population
groups (e.g., individuals experiencing homelessness or
imprisonment) cumulative probability of intensive care
treatment was found for 1%.

In the adjusted analyses of the risk of intensive care
(Table 2), all population groups studied had elevated
risk following SARS-CoV-2 infection (ranging from IRR
of 1¢32 to 3¢12) compared with individuals not qualifying
for the specific group studied. Among those experienc-
ing homelessness, the risk was 3-times increased (95%
CI, 1¢29-7¢52) and in those experiencing imprisonment
it was 2.41-times increased (95% CI, 1¢56-3¢72). Overall,
the increased IRRs remained after further adjustments
including e.g. vaccination status and even after mutually
adjustment of population groups (except from home-
lessness as the results became statistically insignificant
in the further adjusted models (Appendix, Supplemen-
tary table 6, p. 9 and 10, p. 15)).
60-day mortality
Among all Danes with PCR-confirmed SARS-CoV-2
infection, 2864 (1¢1%) died within 60 days after the pos-
itive test. Figure 2 shows a higher probability of dying
for most of our selected population groups compared
with non-exposed individuals (except from imprison-
ment and homelessness) (Appendix, Supplementary
table 11, p. 16). Among individuals with severe psychiat-
ric vulnerability, especially high probability of death was
found for those with psychiatric admission (9¢9%, 95%
CI 7¢9-12¢2). See overall curves and results for supple-
mentary groups and comparison groups in Appendix
p. 16-17.

In adjusted analyses in people with SARS-CoV-2
infection, people experiencing homelessness had the
highest risk of death (MRR 8¢17, 95% CI 3¢66-18¢25)
(Table 2). The mortality was also 3-times increased for
imprisonment (95% CI 1¢93-5¢03). Of the population
groups with psychiatric vulnerability, all groups had ele-
vated mortality risk compared with non-exposed individ-
uals. Individuals with supported psychiatric housing
had almost 3-times increased risk (MRR 2¢88, 95% CI
1¢59-5¢21) compared with those with other living circum-
stances in the general population. The MRR found for
low educational level was 1¢34 (95% CI 1¢24-1¢45) com-
pared with a higher educational level. Results remained
after full adjustment (except from supported psychiatric
housing that became statistically insignificant in the
mutually adjusted model (Appendix, Supplementary
7



Low educational level
A: Hospitalisation

B: Intensive care

Homelessness Imprisonment Substance abuse

Psychiatric admission Severe mental illness Chronic medical condition

Low educational level Substance abuse Severe mental illness Chronic medical condition

Figure 1. Cumulative incidence of hospital admission (a) and intensive care (b) after a PCR-confirmed SARS-CoV-2 infection.
The figure shows the cumulative incidence of hospitalisation and intensive care within 14 days after a PCR-confirmed

SARS-CoV-2 infection by population groups: 1) low educational level, 2) homelessness, 3) imprisonment, 4) substance abuse,
5) suppported psychiatric housing, 6) psychiatric admission, 7) severe mental illness, and 8) chronic medical condition com-
pared with the non-exposed individuals (i.e., not qualifying for that specific population group studied) from the Danish gen-
eral population from February 27, 2020-October 15, 2021. Curves for supported psychiatric housing could not be shown due
to few cases. Also, for intensive care there were too few cases to illustrate the probability for homelessness, imprisonment,
and psychiatric admission in figures. Estimates are shown in the table below. Figures were not presented for supported psy-
chiatric housing due to few cases. Also for intensive care curves could neither be shown for homelessness, imprisonment,
and psychiatric admission. The curves are smoothed to ensure anonymity of all individuals.
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Hospital
admissions (%)

Individuals with
SARS-CoV-2
infection for
analysis

ICU admissions (%) Individuals with
SARS-CoV-2 infection
for analysis

The Danish general population 11,287 (4¢5) 249,924 1413 (0¢6) 251,497

Low educational level 3874 (5¢3) 73,803 493 (0¢7) 74,353

Homelessness 31 (11¢5) 269 17 (1¢1) 1583

Imprisonment 112 (6¢0) 1882 20 (1¢1) 1902

Substance abuse 944 (7¢9) 11,893 128 (1¢1) 12,137

Supported psychiatric housing during 39 (9¢4) 417 . . . . . .

Psychiatric admission 100 (13¢5) 739 13 (1¢7) 766

Severe mental illness 1083 (10¢0) 10,819 119 (1¢1) 11,012

Chronic medical condition 9723 (7¢4) 131,846 1265 (1¢0) 133,299

Articles
table 6 and 12, p. 9, 18)). We identified modification on
the association between substance abuse, psychiatric
admission, severe mental illness, and chronic medical
conditions, respectively, on death by sex on the additive
scale. The effect of these population groups with
Hospitalisation within 14 days Inte

Population groups IRR* (95% CI) P value IRR*

Low educational level

Yes 1¢44 (1¢38-1¢50) <0¢0001 1¢59
No 1 1

Homelessness

Yes 4¢36 (3¢09-6¢14) <0¢0001 3¢12
No 1 1

Imprisonment

Yes 1¢99 (1¢65-2¢40) <0¢0001 2¢41
No 1 1

Substance abuse

Yes 1¢52 (1¢42-1¢62) <0¢0001 1¢32
No 1 1

Supported psychiatric housing

Yes 2¢79 (2¢04-3¢83) <0¢0001 . . .

No 1 . . .

Psychiatric admission

Yes 1¢24 (1¢02-1¢51) 0¢041** 1¢99
No 1 1

Severe mental illness

Yes 1¢71 (1¢61-1¢82) <0¢0001 1¢52
No 1 1

Chronic medical conditions

Yes 1¢97 (1¢88-2¢07) <0¢0001 1¢88
No 1 1

Table 2: Risk of adverse outcomes in individuals with PCR-confirmed SA
SARS-CoV-2 infection=severe acute respiratory syndrome coronavirus 2, IRR=inc

* Adjusted for 5-year age groups, calendar time in months, and sex.

** The p-value became > 0.05 (non-significant) when adjusting for multiple te

the three outcomes.

www.thelancet.com Vol 20 Month September, 2022
increased risk of death was relatively higher among males
than females. No statistically significant interactions
between sex and population group on the multiplicative
scale were identified (Appendix, Supplementary table 13-
14, p. 19-21).
nsive care within 14 days Death within 60 days

(95% CI) P value MRR* (95% CI) P value

(1¢42-1¢78) <0¢0001 1¢34 (1¢24-1¢45) <0¢0001
1

(1¢29-7¢52) 0¢033** 8¢17 (3¢66-18¢25) <0¢0001
1

(1¢56-3¢72) 0¢00050 3¢11 (1¢93-5¢03) <0¢0001
1

(1¢09-1¢58) 0¢0048 2¢10 (1¢88-2¢36) <0¢0001
1

. . . 2¢88 (1¢59-5¢21) 0¢0029

. . . 1

(1¢15-3¢45) 0¢027** 1¢76 (1¢40-2¢22) <0¢0001
1

(1¢26-1¢84) <0¢0001 1¢66 (1¢49-1¢86) <0¢0001
1

(1¢63-2¢18) <0¢0001 1¢60 (1¢40-1¢83) <0¢0001
1

RS-CoV-2 infection.
idence rate ratio, ICU=intensive care unit, MRR=mortality rate ratio.

sting with Bonferroni correction made in relation to the eight tests for each of

9



Low educational level

Substance abuse Psychiatric admission

Chronic medical condition

Homelessness Imprisonment

Severe mental illness

Figure 2. Cumulative incidence of death after a PCR-confirmed SARS-CoV-2 infection.
The figure shows the cumulative incidence of death within 60 days after a PCR-confirmed SARS-CoV-2 infection by population

groups: 1) low educational level, 2) homelessness, 3) imprisonment, 4) substance abuse, 5) psychiatric admission, 6) severe mental
illness, and 7) chronic medical condition compared with the non-exposed individuals (i.e., not qualifying for that specific population
group studied) from the Danish general population from February 27, 2020-October 15, 2021. “History of homelessness” was used
for the figure instead of “Homelessness during 2018-2020” and supported psychiatric housing is not shown due to few cases. The
curves are smoothed to ensure anonymity of all individuals.
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Deaths (%) Individuals with SARS-CoV-2 infection for analysis

The Danish general population 2864 (1¢1) 251,570

Low educational level 1242 (1¢7) 74,382

Homelesness 27 (1¢7) 1585

Imprisonment 17 (0¢9) 1905

Substance abuse 346 (2¢9) 12,154

Supported psychiatric housing 11 (2¢6) 428

Psychiatric admission 75 (9¢8) 767

Severe mental illness 354 (3¢2) 11,019

Chronic medical condition 2796 (2¢1) 133,366

Articles
All-cause follow-up mortality
All population groups had excess mortality independent
of PCR-confirmed SARS-CoV-2 infection status during
the study period (Figure 3). Based on the analysis of the
combined effect of the specific population group and
PCR-confirmed SARS-CoV-2 infection status we found
a 39-times increased mortality rate in individuals
experiencing homelessness who also had SARS-CoV-2
infection when compared with those without homeless-
ness experiences and without a PCR-confirmed SARS-
CoV-2 infection (MRR: 39¢21, 95% CI 23¢63-65¢06)
with slightly higher risk after full adjustment, i.e. coun-
try of origin, living area, and vaccination status (MRR:
41¢24, 95% CI 24¢84-68¢44). People experiencing
homelessness with no positive PCR-test had a MRR of
8¢82 (95% CI, 7¢87-9¢89), whereas those with SARS-
CoV-2 infection without experiences of homelessness
had a MRR of 3¢97 (95% 3¢85-4¢10) when compared to
individuals with absence of both of these conditions.
Adjustment for e.g. vaccination (model 2) resulted in
minor changes in estimates (Appendix, Supplementary
table 15, p. 22). A confirmed SARS-CoV-2 infection was
associated with an additional 4-times increased risk of
dying in people experiencing homelessness (the SARS-
CoV-2 infection-related mortality risk is illustrated in
Appendix, Supplementary Figure 4, p. 23). Individuals
with supported psychiatric housing with a positive test
for SARS-CoV-2 infection had a MRR of 12¢14 (95% CI
7¢54-19¢52), which was similar to most other of the pop-
ulation groups although slightly higher than for people
with low educational level (Figure 3, Appendix, Supple-
mentary table 15, p. 22).
SARS-CoV-2 infection and PCR-testing
Lower cumulative probability of a PCR-confirmed
SARS-CoV-2 infection was found for all population
groups (except for low educational level, for which it
was higher) compared with the general population not
part of the specific population group (Appendix, Supple-
mentary table 16 and Supplementary Figure 5a-b,
p. 24-26).
www.thelancet.com Vol 20 Month September, 2022
After adjustment for age, calendar time, and sex,
most population groups still had reduced risk of PCR-
confirmed SARS-CoV-2 infection (except for low educa-
tional level, psychiatric admission, and chronic medical
conditions with slightly increased risk) (Appendix, Sup-
plementary table 17, p. 27). Homelessness was associ-
ated with substantially lower risk of confirmed infection
(IRR 0¢61, 95% CI 0¢54-0¢69) compared with individu-
als in the general population without such experiences.

Furthermore, most of the population groups also
had lower odds of having a PCR-test during the study
period (except for psychiatric admission associated with
slightly increased odds) Appendix, Supplementary table
18, p. 28). People experiencing homelessness had an
OR of 0¢48 (95% CI, 0¢46-0¢51).
Discussion
In this Danish nationwide, register-based cohort study
based on 4,412,382 individuals from Feb 27, 2020 to
Oct 15, 2021, clear associations between both experien-
ces of social deprivation (i.e. from low educational level
to homelessness and imprisonment) and psychiatric
severe vulnerability (i.e. substance abuse, supported psy-
chiatric housing, psychiatric admission, and severe
mental illness) with all adverse health outcomes were
identified. Even mutually adjustment of all other popu-
lation groups did not change the result considerably.
Experience of homelessness was linked to the highest
risk of all adverse outcomes with 4-times increased risk
of hospitalisation, 3-times increased risk of intensive
care, 8-times increased risk of death after a positive test
for SARS-CoV-2 infection. A 41-times increased risk of
all-cause death after adjustment was found for individu-
als experiencing homelessness and having PCR-con-
firmed SARS-CoV-2 infection during the study period
compared with individuals without homelessness and
without PCR-confirmed SARS-CoV-2 infection in the
Danish general population. Supported psychiatric
housing was associated with almost 3-times
increased risk of both hospitalisation and death after
PCR-confirmed SARS-CoV-2 infection compared
11



Figure 3. Risk of all-cause mortality by population groups combined with PCR-confirmed SARS-CoV-2 infection status.
The figure shows the mortality rate ratio of all-cause death during the study period by population groups: 1) low educational level, 2) homelessness, 3) imprisonment, 4) substance abuse,

5) supported psychiatric housing, 6) psychiatric admission, 7) severe mental illness, and 8) chronic medical condition with and without PCR-confirmed SARS-CoV-2 infection. First column
shows the combined risk of exposure and SARS-CoV-2 infection, second column shows the risk associated with the population group without PCR-confirmed SARS-CoV-2 infection, third
column shows the risk associated with PCR-confirmed SARS-CoV-2 infection in individuals not qualifying for the specific population group, and fourth column the reference group i.e. people
without qualifying for the specific population group and without a PCR-confirmed SARS-CoV-2 infection. Estimates are adjusted for 5-year age groups, calendar time in months, and sex.
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with people in other living facilities. Indication of sex
as a modifier on the risk of hospitalisation and death
was found for some of the population groups sug-
gesting that males had higher risk as compared to
females.

Our study is the largest and most representative
study to date of adverse SARS-CoV-2 infection-related
outcomes among socially marginalised and psychiatri-
cally vulnerable subpopulations. Due to access to
nationwide registers with the possibility of optimal link-
age between Danish registers and complete follow-up
information we were able to study absolute and relative
risks related to PCR-confirmed SARS-CoV-2 infection
during around 20 months follow-up and to adjust for
several important confounders, including vaccination
against SARS-CoV-2 infection.

Our results confirm previous findings, primarily
from other countries, of increased risk of adverse health
outcomes associated with homelessness,14,20 psychiatric
disorders including substance abuse,11,12,21,39 and
chronic medical conditions.13 The high risk of morbidity
and mortality in people experiencing homelessness,
imprisonment, and individuals with psychiatric disor-
ders might be explained by high proportions of underly-
ing medical conditions.10,16,21,34 It is also likely that the
individuals living in vulnerable living environments are
affected by multiple exclusionary experiences, as well as
undiagnosed and untreated disorders, and that these
complex needs contribute to the severe health out-
comes.16 Furthermore, these groups also had lower
odds for being PCR-tested. Thus, the detection of a
SARS-CoV-2 infection might be postponed, which could
lead to increased risk of hospitalisation and intensive
care. In the Danish general population, people are often
routinely tested for SARS-CoV-2 infection due to work
conditions or other activities that would require a nega-
tive PCR-test.22 Consequently, early detection of infec-
tion is more likely.

Our findings of reduced risk of PCR-confirmed
SARS-CoV-2 infection in individuals with psychiatric dis-
orders correspond with a few previous studies.40,41 We
had expected the homeless shelters and supported psy-
chiatric housing facilities to be epicentres similarly to
long-term care facilities.42 Whereas we found lower odds
for having a PCR-test in most of the vulnerable groups,
other studies found psychiatric disorders to be associated
with more frequently testing.40,41 Our results of lower
rates of confirmed infection, also in the socially marginal-
ised groups, could be explained by a lower willingness to
be tested, reduced access to tests, or a preference for
rapid tests. A Danish cross-sectional study in pre-print
reported lower self-reported testing for SARS-CoV-2
infection in people experiencing homelessness (60%)
than in homeless shelter workers (80%) (p<0¢001) and a
seroprevalence of 6-7% in these groups. This study found
a 2.3-times higher SARS-CoV-2 seroprevalence in people
experiencing homelessness compared with a sample of
www.thelancet.com Vol 20 Month September, 2022
around 18,500 Danish blood donors aged 17-69 years,
which was used as a proxy for the Danish general popula-
tion (P<0¢001).43 This indicates under-ascertainment of
cases. Studies from other countries have reported higher
risks of SARS-CoV-2 infection and a higher seropreva-
lence in people experiencing homelessness8,14,20 or psy-
chiatric disorders.21,44 Infection rates, testing frequency,
study designs, and exposures vary between studies and
make comparison difficult. Our results of lower PCR-
confirmed infection in people living in homeless shelters
and supported psychiatric housing facilities in Denmark
could also be explained by a strong focus on infection
mitigation and prevention strategies including hand
hygiene practice, self-isolation, social distancing, and
staff training on infection prevention strategies. A Dan-
ish study in pre-print reported that almost all people
experiencing homelessness and homeless shelter work-
ers follow one or more of the national guidelines of
SARS-CoV-2 infection prevention.43 There might also be
fewer social interactions among socially and psychiatri-
cally vulnerable groups than in the general population.
Such mitigation strategies as well as single-room accom-
modation and comprehensive and rapid testing have
been suggested as important factors for obtaining
reduced risk of infections and adverse outcomes in
homeless populations.8,14,45 Spending much time out-
doors was reported to be a positive factor in socially mar-
ginalised populations.8

In Denmark, people have universal tax-funded
access to the health care system and vaccines, and the
vaccine acceptance rates have been high in the general
population.46 However, it should be noticed that the
vaccine uptake in vulnerable population groups has
been substantially lower than in the general population,
especially in the socially marginalised population
groups.7 Mass testing and tracing of contacts have been
important tools in the mitigation of the pandemic in
Denmark.22 Variations in the political handling of the
pandemic and in public health and health system capac-
ity between high-income countries should be noticed.47

Thus, it might be difficult to generalise our results to
other countries. However, due to a well-established
safety net, sufficient treatment facilities during the pan-
demic, and a strong public health capacity with a high
capacity of PCR-testing for SARS-CoV-2,22,47 we would
expect the marginalised and deprived individuals to be
less vulnerable than in other high-income countries e.g.
the UK and the USA.

This study has limitations. The definitions of home-
lessness, imprisonment, and supported psychiatric hous-
ing included current and previous experiences during
2018-2020. We cannot know whether people were in
these vulnerable positions exactly at the time of the infec-
tion or the outcome. Estimates of morbidity and mortality
are expected to be conservative. Also, in a few analyses, the
number of cases were low. Details of specific test patterns
were outside the scope of this study, but this might explain
13
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some of the differences in SARS-CoV-2 infection-
related outcomes between groups. Furthermore, we
were not able to adjust for some potential confound-
ers, e.g. risk awareness, access to hygiene facilities,
social interactions, and undiagnosed disorders. We
did not include death as competing risk in the
regression models analysing morbidity. However,
since death is a relatively rare event, this would not
change the result, but could lead to a slightly overes-
timation of hospitalisation and intensive care.

Our results corroborate the state of inequality in
health during the COVID-19 pandemic, even in a high-
income country like Denmark with a well-established
safety net. This calls for increased attention to address
vulnerable communities and population groups in pan-
demic planning as well as practical mitigation strate-
gies, including infection prevention. High-income
societies need to have more focus on socially deprived
and psychiatrically vulnerable population groups.
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