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Summary
Background Social deprivation, psychiatric and medical disorders have been associated with increased risk of infec-
tion and severe COVID-19-related health problems. We aimed to study the rates of SARS-CoV-2 vaccination in these
high-risk groups.

Methods Using health, vaccination, and administrative registers, we performed a population-based cohort study
including all Danish residents aged at least 15 years, December 27, 2020, to October 15, 2021. Population groups
were people experiencing: (1) homelessness, (2) imprisonment, (3) substance abuse, (4) severe mental illness, (5)
supported psychiatric housing, (6) psychiatric admission, and (7) chronic medical condition. The outcome was vac-
cine uptake of two doses against SARS-CoV-2 infection. We calculated cumulative vaccine uptake and adjusted vacci-
nation incidence rate ratios (IRRs) relative to the general population by sex and population group.

Findings The cohort included 4,935,344 individuals, of whom 4,277,380 (86¢7%) received two doses of vaccine.
Lower cumulative vaccine uptake was found for all socially deprived and psychiatrically vulnerable population
groups compared with the general population. Lowest uptake was found for people below 65 years experiencing
homelessness (54¢6%, 95% confidence interval (CI) 53¢4-55¢8, p<0¢0001). After adjustment for age and calendar
time, homelessness was associated with markedly lower rates of vaccine uptake (IRR 0¢5, 95% CI 0¢5-0¢6 in males
and 0¢4, 0¢4-0¢5 in females) with similar results for imprisonment. Lower vaccine uptake was also found for most of
the psychiatric groups with the lower IRR for substance abuse (IRR 0¢7, 0¢7−0¢7 in males and 0¢8, 0¢8-0¢8 in
females). Individuals with new-onset severe mental illness and, especially, those in supported psychiatric housing
and with chronic medical conditions had the highest vaccine uptake among the studied population groups.

Interpretation Especially, socially deprived population groups, but also individuals with psychiatric vulnerability
need higher priority in the implementation of the vaccination strategy to increase equity in immunization uptake.
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Research in context

Evidence before this study

We searched PubMed for studies of social, psychiatric,
and medical factors and vaccination against Covid-19.
We used the terms: “homeless*”, “shelter*”, “prison*”,
“psych*”, “mental*”, “substance*”, “misuse*”, “abuse*”,
“socioeconomic*”, “comorbid*”, “supported housing”
(combined with “OR”) “AND” “vaccin*” AND “Covid-19”,
“2019-nCoV”, “SARS-CoV-2”, “coronavirus” (combined
with “OR”) in Oct, 2021 without language restrictions.
Since, we have received weekly alerts from the specific
search of new papers. We furthermore scanned refer-
ence lists to identify important papers.

Studies have reported high risk of severe health out-
comes associated with homelessness, severe mental ill-
nesses, substance abuse, and chronic medical conditions.
Crowding, lower educational level and social status have
been found to be associated with increased risk of infec-
tion. Also, the importance of protecting people experienc-
ing homelessness or imprisonment as well as people with
psychiatric disorders has been highlighted.

However, there is a lack of knowledge of the actual
level of vaccine coverage in the most vulnerable groups
in our society. A large study from England found lower
vaccine uptake during the first months of mass vaccina-
tion for people with higher social deprivation and
severe mental illness. A few studies from the US of
selected population groups experiencing homelessness
reported lower vaccine uptake. People with schizophre-
nia in Israel were also found to have lower vaccine
uptake than the general population whereas patients
from a psychiatric hospital in Belgium had a high
uptake. Vaccine willingness and hesitancy have also
been highlighted in several studies. Among those focus-
ing on minority groups, study populations were mostly
small and selected. A global survey showed that higher
social status was linked to higher willingness to be vac-
cinated against COVID-19 in some high-income coun-
tries. However, willingness to get the vaccine was also
found to be country-specific and to be associated with
high adherence to governmental measures.

Added value of this study

This study is the first to present nationwide and com-
plete information on vaccine uptake by vulnerable pop-
ulation groups compared with the non-exposed general
population, presenting both unadjusted cumulative
vaccine uptake and adjusted relative numbers by sex.
We documented lower vaccine uptake during the SARS-
CoV-2 pandemic for people experiencing homelessness,
imprisonment, and crisis shelter stay compared with
non-exposed individuals. We were also able to show
that people with substance abuse and severe mental ill-
ness as well as recent psychiatric admission had higher
vaccine uptake than people experiencing social depri-
vation, but still lower uptake than in the comparison
groups without the specific psychiatric disorders from
the general population. Individuals in supported psychi-
atric housing had higher vaccine uptake than individu-
als not living in such facilities, which was equal to
results for chronic medical conditions in adjusted analy-
ses. As of Oct 15, 2021, socially marginalised people in
Denmark as well as individuals with severe psychiatric
problems are not sufficiently protected against adverse
outcomes related to SARS-CoV-2 infection when com-
pared with the general population.

Implications of all the available evidence

With the documentation of lower vaccine uptake in highly
vulnerable groups compared with the non-exposed gen-
eral population, we address the need for greater aware-
ness among policymakers and health authorities that
socially deprived and psychiatrically vulnerable individuals
must be given higher priority in the national vaccination
strategy. These individuals should be included early and
with higher weight to obtain an equal and high vaccine
coverage in welfare societies. The next step might be to
find out how to increase the vaccine uptake in these spe-
cific populations and to replicate the findings in other
countries. We also need to be aware of other potential
high-risk groups which were not included in the current
study. Finally, documentation of the health consequences
of SARS-CoV-2 infection in marginalised high-risk groups
is also important as this could further support the need
for improved preventive work aimed at these groups in
future pandemics.
Introduction
The SARS-CoV-2 pandemic continues to have enor-
mous societal consequences worldwide.1 As of Feb 21,
2022, it has resulted in more than 5.87 million deaths.1

Vaccines against SARS-CoV-2 infection have been an
essential tool to obtain control of the COVID-19 pan-
demic and resulted in reductions of both deaths and
severe morbidity.2,3 Although the vaccine effectiveness
against any SARS-CoV-2 infection has been reported to
be waning over time, protection seems to remain at least
for six months after second dose.4

WHO has highlighted that the most vulnerable indi-
viduals should have highest priority for vaccine.2 People
experiencing homelessness or imprisonment and peo-
ple with severe mental illnesses and substance abuse
www.thelancet.com Vol 16 Month May, 2022
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have been found to be high-risk groups of SARS-CoV-2
infection5,6 and severe COVID-19-related outcomes,6−8

but little is known about the vaccine uptake in these spe-
cific population groups. Poor social connectedness in
older people has previously been linked to higher risk of
non-participation in prevention health services.9 Some
minor studies have suggested mistrust to the vaccines
in highly vulnerable groups.10,11 However, few studies
of SARS-CoV-2 infection vaccine uptake including data
on marginalised groups exist.12−14 A large study from
England.found individuals with higher levels of social
deprivation and severe mental illness to have reduced
chance of being vaccinated.12 Also, a study from Israel
found individuals with schizophrenia to have lower vac-
cine uptake than the general population.13 Studies of
disparities in vaccine uptake after the vaccines have
become fully available are lacking.12,13

In Denmark, every person above the age of 15 has
been personally invited to vaccination. Vaccination is
free for all and primarily takes place in public vaccina-
tion centres across the country.15 In Denmark, the vacci-
nation coverage has been in the top five among
European countries during the entire autumn of
2021,16 and booster doses have been administered.17

Danish residents have high trust in the national health
authorities,15 which has been found to be an important
factor of vaccine acceptance.18 However, we hypothes-
ised that even in Denmark social deprivation factors10,12

and severe psychiatric disorders,12,13 including sub-
stance abuse,11 would be associated with lower vaccina-
tion rates against COVID-19 compared to the general
population.12,13 We also expected that individuals
recently admitted to a psychiatric department,19 in sup-
ported psychiatric housing,19,20 and with contact to
other health facilities due to severe medical disorders
would have vaccination rates equal to or above those in
the non-exposed groups.12

We aimed to quantify the vaccine uptake against
SARS-CoV-2 infection in vulnerable population groups
characterised by social, psychiatric, or medical expo-
sures compared with the non-exposed individuals from
the Danish general population.
Methods

Study participants
This register-based cohort study included all Danish res-
idents being alive and living in Denmark on Dec 27,
2020 (i.e. first date of vaccination against SARS-CoV-2
infection in Denmark) and aged at least 15 years on the
day of inclusion. The Danish Civil Registration System,
containing data on death, emigration, and disappear-
ance, was used to establish the cohort and for follow-up
with updates until Oct 15, 2021.21 The personal identifi-
cation number (the CPR number) ensured accurate
linkage between registers.
www.thelancet.com Vol 16 Month May, 2022
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Exposures. We studied selected population groups
characterised by either experiences involving social or
psychiatric vulnerability during 2020 or pre-existing
morbidity: (1) homelessness, (2) imprisonment, (3) sub-
stance abuse, (4) severe mental illness, (5) supported
psychiatric housing, (6) psychiatric hospital admission,
and (7) chronic medical condition. We also included a
few supplementary predictors: (1) highest educational
level, (2) crisis shelter stay, (3) new-onset severe mental
illness, (4) any mental disorder, (5) medical overweight,
and (6) history of any infection with hospital contact
(appendix p. 1).

Information on experiences of homelessness during
2020 was obtained from the Danish Homeless Regis-
ter.22 This nationwide register contains complete data
on individual-level homeless shelter contacts (under the
Consolidation Act of Social Services Section 110) since
1999.23 Individual-level information on most recent
postal address in a homeless shelter during 2020 was
included. Data on imprisonment during 2020 was
obtained from the Danish Central Criminal Register,
which contains information on all imprisonments since
1991.24

Data on supported psychiatric housing during 2020
was exclusively based on information of the most recent
postal address during 2020. We were able to link this
information to the official addresses of these supported
housing facilities (the Act of Social Services Section 107
and 108), which are listed on the Danish website
“Tilbudsportalen”.25 Diagnoses of severe mental illness
and substance abuse were obtained from the Danish
National Patient Register.26 This register contains infor-
mation on psychiatric public and private admissions,
outpatient contacts, and diagnoses from 1995 to 2021.
Disorders diagnosed up to 1994 were retrieved from the
Danish Psychiatric Central Research Register. All diag-
noses were defined according to the international Clas-
sification of Disease 10th revision (ICD-10) with
corresponding codes for ICD-8 (appendix p. 2). Severe
mental illness was defined as having either a diagnosis
of schizophrenia (F20), bipolar disorder (F30-31), or
depressive disorder (F32-33). The Danish National
Patient Register also contains information on all
somatic inpatient contacts since 1977 and outpatient
contacts since 1995 and was furthermore used to study
chronic medical conditions as exposure.21 This covariate
was defined in accordance with an algorithm used in a
previous study based on 31 medical conditions categor-
ised within nine broad groups (appendix, p. 4).27 Rele-
vant dispensed prescriptions based on the Anatomical
Therapeutic Chemical (ATC) codes from the Danish
National Prescription Registry were also used, also for
the definition of substance abuse.28 Furthermore, we
used self-reported data on treatment for substance
abuse (1996-2018) from The Registry of Drug Abusers
3
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Undergoing Treatment (SIB) and The National Registry
of Alcohol Treatment (NAB) in the definition of sub-
stance abuse (appendix p. 2−4).

Information on sociodemographic factors used for
adjustments, i.e. age, sex, and country of origin, was
obtained from the Civil Registration System.21 The
national Danish Microbiology Database (MiBa)29 con-
tains information on all SARS-CoV-2-PCR-tests based
on throat swabs in Denmark which were conducted at
clinical laboratories or in any of the free-of-charge test
stations.15

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. Our outcome was vaccine uptake, defined
as second dose of any vaccine against SARS-CoV-2
infection which was offered as part of the vaccine rollout
in Denmark: BNT162b2 (Pfizer BioNTech), mRNA-1273
(Moderna), Ad26.COV2.S (Johnson & Johnson), or
ChAdOx1 (AstraZeneca). For the Johnson & Johnson
vaccine, only one dose was required and, thus, the first
dose was used as outcome in these cases. The rollout of
SARS-CoV-2 vaccination was targeted according to the
Danish Health Authority’s specification of 12 target
groups.15

The vaccine data were retrieved from the Danish
Vaccination Register30 containing individual-level infor-
mation on the dates for and type of vaccines given.
These data were provided through the Danish Health
Data Authority.
Statistical analyses. Cohort participants were followed
from Dec 27, 2020, or from the study participants’ 15th

birthday, whichever came last, and until they received
their second dose of vaccine against SARS-CoV-2 infec-
tion, disappeared or left the country, died, or until the
end of study on Oct 15, 2021. We used Poisson regres-
sion analysis with risk time as offset to calculate inci-
dence rate ratios (IRRs) with Wald 95% confidence
intervals (CIs). Poisson regression analysis approxi-
mates Cox regression.31 The statistical analyses were
performed using SAS software (version 9.4.). We stud-
ied each of our selected population groups in an inde-
pendent analysis (i.e. conducting eight regression
analyses including all individuals qualifying for analy-
sis, but without adjusting for the other population
groups).

All our survival analyses were adjusted for age (5-
years groups) and calendar time (months), and either
adjusted for or stratified by sex (male, female). In a sec-
ond model, we additionally adjusted for country of birth
(Denmark, other Western countries, or Non-Western
countries) as this factor was expected to be a potential
confounder.12

To study the unadjusted cumulative vaccine uptake
by each exposed population group compared with non-
exposed (i.e., without the specific exposed population
group) individuals from the general population, we
used the Aalen-Johansson estimator to calculate cumu-
lative incidence functions (CIFs) considering competing
risks from death and a PCR-confirmed SARS-CoV-2
infection. For these analyses, all covariates were fixed,
and individuals were required to be 15 years of age on
the start date, i.e. Dec 27, 2020. The curves were
smoothed to ensure anonymity of all individuals. Gray’s
test was used to study whether there was evidence of dif-
ference between the groups at a type I error rate (alpha)
of 5%.32

Homelessness, imprisonment, supported psychiatric
housing, and recent psychiatric admission were defined
as any experience of the specific exposure during 2020
versus no such experience. Severe mental illness and
substance abuse were defined as any history prior to
Dec 27, 2020 versus no history prior to that date.
Chronic medical condition was defined as any diagnosis
since Jan 1, 2016 and until Dec 27, 2020 (for further
details see appendix p. 1).

The supplementary exposures were defined as binary
covariates with exposure status being: primary school as
highest completed educational level per September
2019, any crisis shelter stay during 2020, new-onset
severe mental illness during 2020, pre-existing mental
disorder, pre-existing medical overweight, and history
of infection with hospital contact (appendix p. 1−4).

We did supplementary analyses of first dose of vac-
cine against SARS-CoV-2 infection by population
groups to see if results were different from our main
analysis using the data of the second dose given.

We also did sensitivity analyses of second dose of
vaccine against SARS-CoV-2 infection using a few other
categorisations of some of the exposure covariates to see
whether these definitions resulted in comparable results
(appendix p. 1).
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.
Results
From Dec 27, 2020, to Oct 15, 2021, 4,935,344 individu-
als aged 15 years or above (2,495,229 females and
2,440,115 males) were included in the study cohort
accounting for 2,560,981 person-years under observa-
tion for two doses of vaccine against SARS-CoV-2
www.thelancet.com Vol 16 Month May, 2022
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infection. In all, 4,277,380 (86¢7%) individuals com-
pleted their vaccination schedules by receiving: the
Pfizer BioNTech vaccine (3,641,583; 85¢1%), Moderna
(587,976;13.8%), Johnson & Johnson (46,271; 1¢1%), or
AstraZeneca (1550; 0¢04%). During the study period,
286,521 (5¢8%) individuals had a PCR-confirmed SARS-
CoV-2 infection. The mean age of participants was
48 years (SD 20) on Dec 27, 2020.

Study characteristics including total numbers of
individuals with vaccine uptake of second dose, person-
years, and unadjusted incidence rates (IRs) were pre-
sented for the general population and by population
groups (Table 1). The unadjusted vaccine uptake in the
general population was higher among females than
males. People born in Denmark had higher rates than
those born in other countries, and individuals without
SARS-CoV-2 infection had higher vaccine uptake than
those with a history of infection.
Unadjusted vaccine coverage
The cumulative vaccine uptake by population groups
aged 15−64 years (Figure 1) showed markedly lower vac-
cine uptake for socially deprived populations, including
people experiencing homelessness (CIF=54¢6%, 95%
CI 53¢4−55¢8, p < 0¢0001) and imprisonment
(CIF=56¢2%, 95% CI 55¢7−56¢7, p < 0¢0001), compared
with individuals not exposed to homelessness and
imprisonment, respectively (CIF estimates by popula-
tion groups, overall and sex-specific vaccine coverage,
and vaccine coverage by target groups during roll out of
SARS-CoV-2 vaccination are presented in the appendix
p. 6−10). The vaccine uptake for people with psychiatric
exposures, especially substance abuse and psychiatric
admission, but also severe mental illness and supported
psychiatric housing, was also lower than in the non-
exposed individuals (p < 0¢0001). Among the psychiat-
ric groups, highest cumulative vaccine uptake was
found for severe mental illness (CIF=79¢0%, 78¢8-79¢2)
and lowest uptake for substance abuse (CIF=74¢1%,
73¢9−74¢2). People with chronic medical conditions
had the highest vaccine uptake (CIF=86¢8%, 86¢8
−86¢9), which was higher than in people without
chronic medical conditions (p < 0¢0001).

The cumulative vaccine uptake by population group
in individuals 65 years old and above is presented in
Figure 2. Also, in the older age-group, the vaccine
uptake was lower for both social and psychiatric expo-
sures and higher for chronic medical conditions com-
pared with individuals without these specific exposures
(p < 0¢0001, except supported psychiatric housing:
p=0¢024). The lowest cumulative vaccine uptake was
found for people experiencing homelessness
(CIF=78¢0%, 95% CI 72¢7−82¢4) (appendix p. 10).

Among individuals aged < 65 years experiencing
homelessness and in supported psychiatric housing,
higher cumulative probability was identified early in
www.thelancet.com Vol 16 Month May, 2022
follow-up period (i.e., from April 2021) compared with
the non-exposed comparison groups (for illustration of
the vaccine target groups in Denmark see appendix p.
8). This reflects that these groups were prioritised for
the vaccine at that time, but the curves also show how
this higher cumulative vaccine uptake in these vulnera-
ble groups were overtaken by the general population
after a few months. In the older population, individuals
in supported psychiatric housing and those with severe
mental illness and substance abuse had higher cumula-
tive vaccine uptake from February to around May 2021
compared with the general population without such
psychiatric morbidity, but hereafter this pattern was
turned around (Figures. 1 and 2). The number of days
between first and second dose of vaccine differed only
with few days between the subgroups. The 99th percen-
tile was 86 days in the general population, 90 days in
people experiencing homelessness, and 81 days in peo-
ple experiencing imprisonment (appendix p. 11).
Adjusted analyses of vaccine uptake
Table 2 shows the adjusted IRRs of vaccine uptake by
population group. In both males and females, lower vac-
cine uptake was found for homelessness (IRR 0¢5, 95%
CI 0¢5−0¢6 in males and 0¢4, 0¢4-0¢5 in females) com-
pared with the individuals not experiencing homeless-
ness. Similarly reduced rates were found for people
experiencing imprisonment. For the groups with psy-
chiatric morbidity, the lowest IRR was found for males
with substance abuse (IRR 0¢7, 0¢7-0¢7). The highest
IRR was found for females with psychiatric admission
(0¢9, 0¢9−0¢9). Severe mental illness was associated
with similar rates of vaccine uptake. In contrast, sup-
ported psychiatric housing was associated with
increased IRRs of vaccine uptake in males and females
(IRR 1¢2, 1¢1-1¢2) as well as chronic medical condition
(Table 2). Additional adjustment for country of origin
did not change the results (appendix p. 12).
Supplementary population groups
Results for the supplementary groups are presented in
the appendix p. 13-17. A lower educational level (i.e. pri-
mary school as the highest completed education) was
associated with 20% reduced risk of vaccine uptake
(IRR 0¢8, 0¢8-0¢8) compared with a higher educational
level, after adjustment (appendix p. 13, 18). New-onset
severe mental illness during 2020 compared to absence
was associated with only slightly lower vaccine uptake
(adjusted IRRs were: 0¢9, 0¢9-1¢0 in males and 1¢0, 0¢9-
1¢0 in females, appendix p. 18).
Sensitivity analyses
Overall, the patterns of results with vaccine uptake of
first dose as outcome were similar to those using the
5
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Total 4,277,380 2,560,981 167 (167-167) 3829 4084 94 (91-97) 25,764 27,728 93 (92-94) 225,667 152,688 148 (147-148)

Age, years mean (SD)* 48 (20) 41 (14) 45 (13) 50 (17)

Sex

Male 2,095,180 1,302,020 161 (161-161) 2929 3050 96 (93-100) 24,110 26,204 92 (91-93) 131,249 91,251 144 (143-145)

Female 2,182,200 1,258,961 173 (173-174) 900 1034 87 (82-93) 1654 1524 109 (103-114) 94,418 61,436 154 (153-155)

Country of origin

Denmark 3,828,313 2,138,682 179 (179-179) 3082 3020 102 (99-106) 22,174 21,287 104 (103-106) 210,597 137,973 153 (152-153)

Other Western countries 167,992 155,010 108 (108-109) 129 157 82 (69-98) 394 503 78 (71-86) 5479 4353 126 (123-129)

Non-Western countries 281,075 267,289 105 (105-106) 618 908 68 (63-74) 3196 5939 54 (52-56) 9591 10,362 93 (91-94)

SARS-CoV-2 infection

Yes 197,724 126,526 156 (156-160) 113 136 83 (69-100) 805 1077 75 (70-80) 6993 4885 143 (140-147)

No 4,079,656 2,434,455 168 (167-168) 3716 3948 94 (91-97) 24,959 26,651 94 (94-95) 218,674 147,803 148 (147-149)

Severe mental illnessy Supported psychiatric housing during 2020 Psychiatric admission during 2020 Chronic medical conditionz

Total 227,813 142,193 160 (160-161) 7443 4702 158 (155-162) 10,853 6457 168 (165-171) 1,973,249 961,452 205 (205-206)

Age, years mean (SD)* 51 (18) 35 (18) 51 (25) 59 (19)

Sex

Male 85,495 55,794 153 (152-154) 4617 3005 154 (149-158) 5122 3172 161 (157-166) 896,652 442,430 203 (202-203)

Female 142,318 86,399 165 (164-166) 2826 1697 167 (167-173) 5731 3285 174 (170-179) 1,076,597 519,022 207 (207-208)

Country of origin

Denmark 203,889 122,308 167 (166-167) 6653 3925 170 (165-174) 9818 5455 180 (176-184) 1,812,627 849,360 213 (213-214)

Other Western countries 6062 4291 145 (141-148) 195 209 93 (81-107) 408 329 124 (113-137) 54,606 31,903 171 (170-173)

Non-Western countries 17,862 15,694 114 (112-116) 595 568 105 (97-114) 627 672 93 (86-101) 106,016 80,189 132 (131-133)

SARS-CoV-2 infection

Yes 8370 5291 158 (155-162) 265 180 147 (130-166) 533 299 178 (164-194) 74,336 39,444 188 (187-190)

No 219,443 136,902 160 (160-161) 7178 4522 159 (155-162) 10,320 6158 168 (164-171) 1,898,913 922,008 206 (206-206)

Table 1: Study population characteristics by population groups and in the entire Danish general population, Dec 27, 2020 to Oct 15, 2021.
IR=incidence rate. Data are numbers unless otherwise specified. Person-years are rounded. *Mean age at the time of study start, Dec 27, 2020. yAny diagnosis prior to study start. zDefined as any diagnosis from Jan 1, 2016 to study

start.
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Severe mental illnessSubstance abuse
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(c) (d)

Imprisonment

Figure 1. Cumulative vaccine uptake by population groups in individuals aged 15-64 years, Dec 27, 2020 to Oct 15, 2021.
The figures show the cumulative incidence functions of second dose of vaccine against SARS-CoV-2 infection by (a) homelessness,
(b) imprisonment, (c) substance abuse, (d) severe mental illness, (e) supported psychiatric housing, (f) psychiatric admission, and (g)
chronic medical conditions (illustrated with the red curves) compared with the non-exposed individuals from the general popula-
tion (each comparison group excludes the specific exposed population group) (illustrated with the black curves). The vaccines were
offered at different points of time to different target populations. Older age-groups were prioritized in the vaccine rollout. The
curves show the pattern of vaccine rollout for the specific population groups. Estimates at the end of follow-up, Oct 15, 2021, were
used for comparison of the probability of second vaccine dose between groups, because all individuals aged 15 years and above
had been invited for their second shot at that point. Competing risk from death and SARS-CoV-2 infection was considered in the
analysis. The curves were smoothed to ensure anonymity of all individual cases.

Articles

www.thelancet.com Vol 16 Month May, 2022 7



Supported psychiatric housing

Chronic medical condition

Psychiatric admission

(e)

(g)

(f)

Figure 1 Continued.
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second dose, as shown in the sensitivity analyses
(appendix p. 19-24).

When defining homelessness and imprisonment
as any history of these experiences prior to 2021
rather than only during 2020, the main results
remained unchanged. An increasing IRR of vaccine
uptake was associated with increasing numbers of
different medical conditions (i.e. having three or
more chronic medical conditions was associated with
the higher IRR: (1¢5, 1¢5-1¢5 in males and 1¢3, 1¢3-1¢3
in females) compared with those without such condi-
tions (appendix p. 25).
www.thelancet.com Vol 16 Month May, 2022



Males Females

2nd vaccine Person-yearsy IRR* 95% CI 2nd vaccine Person-yearsy IRR* 95% CI

Overall 2,095,180 1,302,020 2,182,200 1,258,961

Homelessness during 2020

Any 2929 3050 0¢5 (0¢5-0¢6) 900 1034 0¢4 (0¢4-0¢5)
No 2,092,251 1,298,970 1 2,181,300 1,257,927 1

Imprisonment during 2020

Any 24,110 26,204 0¢5 (0¢5-0¢5) 1654 1524 0¢5 (0¢5-0¢5)
No 2,071,070 1,275,815 1 2,180,546 1,257,438 1

Substance abusex

Any 131,249 91,251 0¢7 (0¢7-0¢7) 94,418 61,436 0¢8 (0¢8-0¢8)
No 1,963,931 1,210,768 1 2,087,782 1,197,525 1

Severe mental illnessx

Any 85,495 55,794 0¢8 (0¢8-0¢8) 142,318 86,399 0¢8 (0¢8-0¢8)
No 2,009,685 1,246,226 1 2,039,882 1,172,562 1

Supported psychiatric housing during 2020

Any 4617 3005 1¢2 (1¢1-1¢2) 2826 1697 1¢2 (1¢1-1¢2)
No 2,090,563 1,299,015 1 2,179,374 1,257,264 1

Psychiatric hospital admission during 2020

Any 5122 3172 0¢8 (0¢8-0¢8) 5731 3285 0¢9 (0¢9-0¢9)
No 2,090,058 1,298,848 1 2,176,469 1,255,677 1

Chronic medical condition{

Any 896,652 442,430 1¢3 (1¢3-1¢3) 1,076,597 519,022 1¢2 (1¢2-1¢2)
0 1,198,528 859,590 1 1,105,603 739,940 1

Table 2: Incidence rate ratios for second dose of vaccine against SARS-CoV-2 infection by population group, Dec 27, 2020 to Oct 15, 2021.
IRR=incidence rate ratio

*Adjusted for age (5-years groups) and calendar time (months). All p-values are <0¢0001. yPerson-years are rounded. xAny diagnosis prior to study start. Severe mental illness is defined as at least one of the following diagnoses:

schizophrenia, bipolar disorder, or depressive disorders. {Defined as any diagnosis from Jan 1, 2016 to study start.
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(c) (d)

(b)

Severe mental illness

Figure 2. Cumulative vaccine uptake by population groups in individuals aged 65+ years, Dec 27, 2020 to Oct 15, 2021.
The figures show the cumulative incidence functions of second dose of vaccine against SARS-CoV-2 infection by (a) homelessness,
(b) imprisonment, (c) substance abuse, (d) severe mental illness, (e) supported psychiatric housing, (f) psychiatric admission, and (g)
chronic medical conditions (illustrated with the red curves) compared with the non-exposed individuals from the general popula-
tion (each comparison group excludes the specific exposed population group) (illustrated with the black curves). The vaccines were
offered at different points of time to different target populations. Older age-groups were prioritized in the vaccine rollout. The
curves show the pattern of vaccine rollout for the specific population groups. Estimates at the end of follow-up, Oct 15, 2021, were
used for comparison of the probability of second vaccine dose between groups, because all individuals aged 15 years and above
had been invited for their second shot at that point. Competing risk from death and SARS-CoV-2 infection was considered in the
analysis. The curves were smoothed to ensure anonymity of all individual cases.
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Discussion
In this Danish nationwide, register-based cohort study
based on 4.9 million individuals above 15 years of age,
studied from Dec 27, 2020 to Oct 15, 2021, we were able
to document that especially socially deprived population
groups, including homelessness and imprisonment,
www.thelancet.com Vol 16 Month May, 2022
had lower vaccine uptake compared with the general
population, even after adjustments, but it also applied
to individuals with a low educational level. Albeit with a
higher vaccine uptake than the socially deprived popula-
tion groups, psychiatrically vulnerable individuals had
reduced uptake compared with the general population.
11
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However, new-onset severe mental illness and, espe-
cially, supported psychiatric housing and chronic medi-
cal conditions were associated with highest vaccine
uptake among the studied high-risk groups.

This is a large and representative cohort study
addressing differences in uptake of vaccines against
SARS-CoV-2 infection in social, psychiatric, and medi-
cal high-risk groups in comparison with the general
population. Access to complete data on homelessness,
imprisonment, crisis shelter, and supported psychiatric
housing is unique for Denmark, and we believe this
contributes with new knowledge about a small and
understudied segment of society. We present absolute
and relative adjusted estimates of the vaccine uptake
during more than nine months of follow-up using com-
plete data and were able to stratify by sex.

Patients with severe mental illness and people who
were currently experiencing homelessness were in prin-
ciple targeted in the Danish vaccine strategy. They were
included in a priority group five following, (1) persons
living in nursing homes, (2) persons aged >65 years
who receive home care, (3) persons aged >85 years, and
(4) frontline staff in the healthcare sector with an
increased risk of infection, or who carry out critical
functions.15 However, the prioritisation of these groups
was not made from the launch of the vaccination pro-
gramme.20 Besides, only those who also had severe
medical diagnoses qualified for being at high-risk tar-
geted in group five. As of March 2021, the socially
deprived groups, including people experiencing home-
lessnes, people with substance abuse, and individuals
staying in prisons were included in target groups prior
to the general population, but still with adherence to the
age-criteria.15 According to the European Union Agency
for Fundamental Rights (FRA) a few other EU countries
have officially included homelessness as high-priority in
their national vaccination strategy,33 and people
experiencing imprisonment were included as a priority
group in a third of the EU countries.33

Although marginalised people to some degree were
included in the vaccine plans in Denmark, people with-
out close contact to the health system13,34 or who were
not staying in a homeless shelter at the exact point in
time when the vaccination rollout took place would
probably not easily receive the vaccine. Besides, the
lower vaccine uptake in our high-risk population groups
might not only be a result of difficulties in terms of
access to vaccines, but also of a lack of awareness, and
lower trust in authorities as well as of the benefit of
being vaccinated than in the general population.10,11 All
in all, these challenges might relate to implementation
failures rather than a lack of knowledge or a lack of pol-
icy targeting vulnerable populations. Thus, improved
collaboration with the trusted social workers and organi-
sations and psychiatric outreach teams could be impor-
tant contributions to the vaccination strategy. Mobile
vaccine units and vaccination in homeless shelters and
night shelters may also be among the important tools
for increasing the immunisation in the most socially
and psychiatrically vulnerable groups.

Our results are not easily compared to previous stud-
ies. However, the lower vaccine uptake among socially
deprived population groups as well as people with a low
educational level supports results showing lower vac-
cine coverage in individuals from socioeconomically
deprived areas.12 In the US, people experiencing home-
lessness were found to have vaccination rates of 11-37
fewer percentage points relative to the general popula-
tion.14 However, WHO Europe reported high vaccine
uptake in prisons in some countries.35

As regards psychiatric exposures, we were able to
include sub-groups not hitherto studied, including
recent psychiatric admission, supported psychiatric
housing, substance abuse, and new-onset severe mental
illness. Our results of lower vaccine uptake in people
with severe mental illness were in line with a few previ-
ous studies.12,13 However, a Belgian study of patients
admitted to a university psychiatric hospital found a vac-
cine uptake of 92%, which was comparable to that of
the general population.19 In our study, people in sup-
ported psychiatric housing and people with new-onset
severe mental illness had, as expected, the higher vacci-
nation rates after adjustment as compared with other
psychiatric exposures (i.e. any severe mental illness,
mental disorder, and substance abuse). This suggests
that special attention as regards vaccination should be
given to people with psychiatric disorders not recently
diagnosed. These individuals might have poorer
social connectedness, which has been found to be
associated with non-participation in preventive health
care.9 Furthermore, vaccination of individuals with
the primary series will prevent hospitalisation to a
higher degree than booster doses to the already vacci-
nated.17 Our findings of high vaccine uptake in peo-
ple with medical conditions support previous
findings.12

Our study had limitations. First, we cannot say
whether the lower vaccine uptake among people with
social and psychiatric exposures could be explained by
vaccine hesitancy, lack of availability or accessibility,
lack of trust, or lack of information. People experiencing
homelessness or imprisonment, but also people with
psychiatric disorders, often have limited contact with
the health system, complex personal problems, less use
of primary care, and undiagnosed as well as untreated
disorders.9,36,37 Such factors might contribute to the
lower vaccine uptake.9 Second, misclassification of
exposure covariates might exist. Some of the people
experiencing homelessness early in 2020 may not have
remained in a homeless situation during the entire fol-
low-up period. These individuals count as homeless
even though the homelessness might be restricted to a
short period of time. Also, we cannot say whether peo-
ple were exposed at the time of receiving or being
www.thelancet.com Vol 16 Month May, 2022
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offered the vaccine. As regard the cumulative probabili-
ties, deaths in the vulnerable groups occur more fre-
quently than in the general population. This might
artificially have lowered the CIFs in these groups, but
only to a small degree. Thus, it is not expected to have
influenced the results. Because of few deaths in the fol-
low-up period, we did not include death as a competing
risk in the regression model. Although it could have a
slight tendency to overestimation, it has limited influ-
ence on the results.

We expect that the vaccination uptake in vulnera-
ble groups in Denmark is high compared with most
other high-income countries. Differences in the polit-
ical handling of the COVID-19 pandemic, trust in
the authorities, the health system capacity, and the
national vaccine coverage are likely contributors to
the vaccine uptake in vulnerable groups.33 The differ-
ences between vaccine uptake in high-risk groups
and the general population could be even more pro-
nounced in countries with a less accessible health
service system. However, it might be that the relative
differences can be generalised to other high-income
countries in which universal and free access to vacci-
nation has been implemented.

Studies of vaccine uptake in high-risk groups from
other countries as well as studies of other high-risk
groups will be relevant to further support our findings.
Also, studies identifying the contributing factors
explaining the lower vaccine uptake in vulnerable
groups are important. Besides, future studies docu-
menting the SARS-CoV-2 infection-related morbidity
and mortality in these and other high-risk groups might
support the importance of vaccine prioritisation of these
individuals in future.
Conclusions
Even in a country like Denmark with universal and
free access to health services and with health author-
ities doing a tremendous job to ensure that all indi-
viduals are informed about and get access to
vaccination, marked differences in vaccine uptake
exist between some of the most vulnerable popula-
tion groups characterised by social, but also psychiat-
ric exposures, and the general population. Thus, the
work with implementation of vaccination in high-
risk groups (i.e. people experiencing homelessness
and imprisonment, having substance abuse and
severe mental illness) should be given higher priority
to obtain a more equal and high vaccine coverage.
While several individuals are receiving their third
dose of vaccine, we need to consider how to help the
socially deprived and psychiatric minority groups to
receive their first and second dose. There is a need
for higher attention from policymakers and health
authorities to address this issue during the current
and future pandemics and epidemics.
www.thelancet.com Vol 16 Month May, 2022
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