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Summary
Background A broad vaccination coverage is crucial for preventing the spread of Covid-19 and reduce serious illness  The Lancet Regional
or death. The aim of this study was to examine social inequalities in Covid-19 vaccination uptake as of r7th May Health - Europe

2021 among Swedish adults aged > Go years. ioéﬁ;;5;1°??3126 Feb
ublished online ep-

Methods The study population comprised a general population cohort aged 60 years or older (n = 350,805), repre- Lﬁgz/z/?izozi.org 1101016/}

sentative of the Swedish population. Data were collected through the nationwide linked multi-register observational |, .0 5025 100331
study SCIFI-PEARL, and associations between sociodemographic determinants and Covid-19 vaccination uptake

were analysed using logistic regression. Intersectional analyses of sociodemographic heterogeneity were performed

by taking several overlapping social dimensions into account. Data availability extended to 7 May 2021.

Findings The overall vaccination coverage was 87-2% by 17th May 2021. Younger age, male sex, lower income, living
alone, and being born outside Sweden, were all associated with a lower uptake of vaccination. The lowest Covid-19
vaccination uptake was seen in individuals born in low-or middle-income countries, of which only 60% had received
vaccination, with an odds ratio (OR) of not being vaccinated of 6-05 (95% CI: 5:85—6-26) compared to individuals
born in Sweden. These associations persisted after adjustments for possible confounding factors. The intersectional
analyses showed even larger variations in vaccination in cross-classified sociodemographic subgroups (ranging from
44% to 97%) with marked differences in uptake of vaccination within sociodemographic groups.

Interpretation The uptake of Covid-19 vaccine during the spring of 2021 in Sweden varied substantially both
between and within sociodemographic groups. The use of an intersectional approach, taking several overlapping
social dimensions into account at the same time rather than only using one-dimensional measures, contributes to a
better understanding of the complexity in the uptake of vaccination.
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Research in context

Evidence before this study

Only few previous studies have investigated socioeco-
nomic disparities in the uptake of a Covid-19-vaccine in
a general population, but none of these have used an
intersectional analysis approach. We searched PubMed
on November 2nd 2021 using the terms (“vaccination”
OR “immunisation” OR “vaccine”) AND (“Covid-19” OR
“Covid” OR “SARS-CoV-2") AND (“uptake” OR “accep-
tance” OR “coverage” OR “recipient”) AND (“sociodemo-
graphic” OR “socioeconomic” OR “demographic” OR
“social”); we used no language selection; articles were
selected based on the abstract and title. We found that
most articles in this field of research had investigated
attitudes and potential acceptance towards Covid-19
vaccination, or uptake in specific groups such as health
care workers, assisted living and residential care com-
munities, or specific ethnic minority groups, rather than
actual uptake of vaccination in a general population.

Added value of this study

This study, based on high quality Swedish health and
population registers, used an intersectional analysis
approach taking several overlapping social dimensions
into account at the same time rather than only using
one-dimensional measures. Our results provide new
insights into the understanding of the sociodemo-
graphic complexity in Covid-19 vaccine uptake, show-
ing marked differences in the uptake of vaccination not
only between, but also within sociodemographic
groups.

Implications of all the available evidence

This study adds valuable information to the research
field of inequalities in the uptake of Covid-19 vaccines
by using an intersectional analysis approach. Previous
studies have shown a lower coverage with lower age, in
lower income groups, male sex, low educational level
groups, and ethnic minority groups when using one-
dimensional measures of sociodemographic factors.
Besides confirming the mentioned differences in vacci-
nation coverage, this study also showed wide differen-
ces in vaccination uptake within sociodemographic
groups. To reduce sociodemographic disparities in vac-
cination coverage it is important to increase the impact
of the vaccination program in less privileged population
groups.

Introduction

Vaccination against Covid-19 has progressed well in
most developed countries. In Sweden, the vaccination
program started on 27th December 2020" and by sth
November 2021, 85% of the adult population had
received their first dose.®> The program was

implemented in four sequential stages, where the first
stage mainly included older adults in assisted living and
residential care, and health- or elderly-care workers,
while the second stage included all remaining adults
>065 years, individuals with functional disabilities, and
some specific risk groups. By 25th March 2021, all the
21 regions in Sweden had initiated the second stage of
vaccination. Stage three, initiated by the vast majority of
regions by 26th April, mainly included individuals aged
60—064 years, and various risk groups aged 18—59 years.
Finally, stage four included individuals aged 18
—59 years who had not been part of phases 1—3% by
May 25th 2021 most of the regions had initiated vaccina-
tion in the fourth stage.’

Previous studies internationally have demonstrated
socioeconomic differences in vaccination uptake for sea-
sonal influenza,* differences in attitudes and barriers to
childhood vaccinations,” and willingness among adults
to be vaccinated.® Regarding influenza vaccination,
associations have been shown between low socioeco-
nomic status (i.e., measured through income, occupa-
tion, highest social class in the household or
deprivation index of the residential area) and a lower
uptake of vaccination, however, results from different
studies vary reflecting on the complexity of this issue.*
Studies on the potential acceptance of a Covid-19 vac-
cine have generally shown a more positive attitude
towards vaccination among women,” older adults,”
higher educated groups,””® and higher income groups.”
Research has also revealed evident ethnic disparities in
vaccine hesitancy.”?” " However, few studies have inves-
tigated social inequalities in actual Covid-19 vaccination
uptake. The Public Health Agency of Sweden has
encouraged a broad vaccination coverage to better pre-
vent serious illness and death, especially since Covid-19,
like many other diseases, has been shown to affect lower
socioeconomic groups with more severe disease.”””

The Public Health Agency of Sweden has reported
some data showing differences in vaccination rates
across areas of residence and differences between ethnic
groups.”” Their regularly updated statistics also include
very basic intersectional (cross-classified) descriptions,
which indicate differences between sociodemographic
groups, and heterogeneity within such groups. Even
though such reports are an important basic first step, it
is essential also to apply a scientifically based approach
to systematically investigate sociodemographic factors
associated with vaccine uptake and how they interact.

A recent study from England on older adults showed
that vaccination rates differed by demographic and
socioeconomic factors, where ethnic minorities, living
in areas of deprivation, and low socioeconomic position
were associated with lower vaccination rates, even after
adjustments for comorbidities.”® Comparable observa-
tions were made in two other British studies using simi-
lar data, with lower vaccination coverage among ethnic
minorities and those living in deprived areas.””"*
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Sociodemographic disparities in health are tradition-
ally described in relation to certain determinants of
health such as socioeconomic group (or social class),
income, education level or household composition.™
However, recent research has indicated that taking sev-
eral overlapping social dimensions into account at the
same time can contribute to a more nuanced under-
standing of socioeconomic disparities in health.*° ** In
the present study, based on data from the nationwide
linked multi-register observational study SCIFI-PEARL
(Swedish Covid-19 Investigation for Future Insights —
A Population Epidemiology Approach Using Register
Linkage),”® we examined sociodemographic determi-
nants associated with Covid-19 vaccination uptake in
the general Swedish population aged Go years or older
during the first five months of the Covid-19 vaccination
program. Also, heterogeneity within sociodemographic
groups was studied by using intersectional analysis
models that have previously been suggested for detailed
sociodemographic characterisation.”®”**

Methods

Study design and study population

The SCIFI-PEARL project is based on a linked and regu-
larly updated database including all registered individuals
in Sweden diagnosed with Covid-19, together with a large
general population cohort, described in detail elsewhere.*
The database constitutes a nationwide observational study
based on multiple health and population registers linked
with high accuracy (close to 100%) and quality using the
unique Swedish Personal Identity Number (PIN).>* The
general population comparison cohort was obtained from
the National Register of the Total Population (RTB) at Sta-
tistics Sweden and comprised about ten percent of all indi-
viduals of all ages living in Sweden on 1 January 2020.
Subjects were randomly sampled from 20 five-year age
groups by sex (40 strata) with 25,000 individuals from
each stratum except the oldest strata where all individuals
were included (N = 972,723). Exact sampling fractions
were available. The study design is a register-based cross-
sectional study and the study population consists of those
individuals in the general population cohort aged
>6o years who were alive and resident in Sweden by 17
May 2021. Individuals in the general population cohort
who died or emigrated before 17 May 2021 were excluded.
At the time of this study, data availability extended to 17
May 2021 due to the data delivery processes which defined
the study period.

Outcome

The outcome in this study was having received at least
one dose of a Covid-19 vaccine as of 17 May 2021. Vacci-
nation data was obtained by linkage to the National Vac-
cination Register (NVR).

www.thelancet.com Vol 15 Month April, 2022

Exposure and covariates

The sociodemographic characteristics included in this
study were (with units of measurements for the quanti-
tative variables and the categories for the qualitative vari-
ables in parentheses): age (years), sex (male/female),
income (SEK per year), household composition (living
alone/cohabiting), and country of birth. Data on socio-
demographic variables were obtained from the National
Register of the Total Population (RTB) and the Statistics
Sweden Longitudinal Integrated Database for Health
Insurance and Labour Market Studies (LISA). The
household disposable income divided by the weighted
number of members in the household was provided
through the LISA register and categorised into tertiles.
Later, the income variable was dichotomised into
medium-high (2nd and 3rd tertile) and low (1st tertile)
and the quantitative variable age was also used as a
dichotomised variable (6o—74 years and > 75 years) for
the adjusted and the intersectional analyses to avoid get-
ting too few individuals in some of the groups.

The country of birth was categorised into three
groups: Sweden, High-income countries (HIC), and
Low-middle income countries (LMIC), according to the
World Bank classification.” Household composition
was grouped into those who were cohabiting (married,
in a registered partnership, or had children in com-
mon), or living alone (other forms of households). To
improve the understanding of heterogeneity in popula-
tion groups toward vaccination, an intersectional analy-
sis approach was employed. The intersectional multi-
categorical variable consisted of all potential combina-
tions of the above-mentioned sociodemographic varia-
bles (i.e., age (two categories), sex (two categories),
income (two categories), country of birth (three catego-
ries), and household composition (two categories),
resulting in 48 strata.

Covariates included region of residence, having a his-
tory of Covid-19 (yes/no) and prior comorbidity diagnosed
in 2015—2019. Prior comorbidities assessed were cardio-
vascular diseases (ICD-10 codes: Ioo-199), respiratory dis-
eases (Joo-J99), psychiatric diseases (F20-F39), cancer
(Coo-C97y), and diabetes (Exo, Ei1, E13, Ei4), based on
hospitalisations and specialist outpatient visits obtained
from the National Patient Register (NPR). Data on the his-
tory of Covid-19 was obtained from SmiNet (the Public
Health Agency of Sweden’s national register including all
positive SARS-CoV-2 polymerase chain reaction (PCR)
test results), or diagnoses in the NPR. Region of residence
was categorised into regions with a major city (i.e., Stock-
holm Region, Vistra Gotaland Region, and Skane Region)
or not (all other regions).

Role of the funding source

The funders of the study had no role in the study
design, data collection, data analysis, data interpreta-
tion, or writing of the report.
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Statistical analyses
Differences in means and proportions of sociodemo-
graphic factors, comorbidities, region of residence, and
history of Covid-19, were analysed by vaccination status
with t-test and chi-square tests with a statistical signifi-
cance level of 5%. Sample weights based on age and sex
were used to make estimates based on the study popula-
tion representative of the Swedish population. Absolute
numbers of study subjects are presented unweighted,
while all means and proportions are weighted. The statis-
tical packages used included IBM SPSS Statistics for win-
dows version 26.0 and Stata 16.0 (StataCorp. TX, USA).
Logistic regression models (weighted) were used to
calculate crude and multivariate-adjusted odds ratios
(ORs) with 95% confidence intervals (95% CI) of non-
vaccination in several different models. Model 1 was the
crude model for age only. Model 2 included crude mod-
els for all other sociodemographic exposures one at a
time. Model 3 incorporated mutual adjustment for all
included exposures. Model 4 had additional adjustment
for residing in a region with a major city, history of
Covid-19, and comorbidities. Lastly, model 5 included
the 48 intersectional strata. There were only very few
missing data (n = 42). Subjects with missing data were

not included in the models holding these variables.
Assessment of the discriminatory accuracy (DA) was
made by calculating the area under the receiver operat-
ing characteristics curve (AUC) for the models.*° >*
The DA was classified as very weak (AUC o-5—0-6),
weak/moderate (AUC o0-6—0-7), strong (AUC o-7—0-8)
or very strong (AUC >0-8).>°7>*

Results

The study population included 350,805 individuals aged
> 6o years and the uptake of the first dose of a Covid-19
vaccine was 87-2% (Table 1). Individuals in the non-vac-
cinated group were significantly (p < 0.05) more often
younger (78-5% vs. 57-8%), males (49:6% vs. 47-2%),
had a lower income (47-5% vs. 30-1%), were born out-
side Sweden (34:9% vs. 12-2%), lived alone (58-4% vs.
43-1%), lived in a region with a major city (60-9% vs.
46-7%), and/or had a history of Covid-19 (11:3% vs.
5-1%), compared to the vaccinated group. A history of
cardiovascular disease, respiratory disease, cancer, or
diabetes was more common among the vaccinated,
however, psychiatric disease (4-4% vs. 2-8%) was
slightly more common among the non-vaccinated.

Characteristics Vaccinated® Non-vaccinated® p-value Total
(N =312 915; 87-2%) (N =37 890; 12-8%) N =350 805
Age, mean (SD) 71-3(8-6) 66:9 (7-9) <0-001 70-7 (8-7)
Age group
60—74 years 57-8% 78-5% <0-001 60-4%
> 75 years 42-2% 21-5% 39-6%
Males 47-2% 49-6% <0-001 47-5%
Income”
High 36-4% 25-4% <0-001 35.0%
Medium 33-5% 27-1% 32:7%
Low 30-1% 47-5% 32:3%
Living alone 43-1% 58-4% <0-001 45.0%
Country of birth®
Sweden 87-8% 65-1% <0-001 84-9%
HIC 7-6% 14-4% 8-5%
LMIC 4-6% 20-5% 6-6%
History of Covid-19 5-1% 11-3% <0-001 5-9%
Living in a region holding a major Swedish city 46-7% 60-9% <0-001 48-5%
Comorbidities (2015—2019)
Cardiovascular disease 33.7% 23.9% <0-001 32:4%
Respiratory disease 12-5% 11-0% <0-001 12:3%
Cancer 13-0% 7-0% <0-001 12:2%
Psychiatric disease 2-8% 4-4% <0-001 3.0%
Diabetes 8-5% 7-2% <0-001 8-3%
Table 1: Distribution of sociodemographic factors, history of Covid-19 and comorbidities in the Swedish population aged > 60 years, by
having received at least one dose of Covid-19 vaccination or not, presenting as mean (standard deviation) or percentage.
@ All proportions weighted to reflect the Swedish population age and sex distribution in the >60 age group.
> Income: Disposable income of a family divided by the number of family members; High: 3rd tertile, Medium: 2nd tertile, Low: 1st tertile.
€ Country of birth: Sweden, HIC: High Income Countries; LMIC: Low-Middle Income Countries.
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Figure 1. Daily number of individuals aged > 60 years in the study population who have received at least one dose of a Covid-19
vaccine since the start of vaccination in late December 2020 until 17 May 2021, in total (a) and cumulative uptake (%) of vaccination
by age group (b; solid line (blue)=60—64 years; short dashed line (red)=65—69 years; dotted line (grey) =70—74 years; dotted and
dashed line (yellow)=75—79 years; long dashed line (green)=>79 years).
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Vaccinations started to pick up in January 2021, with
daily vaccinations peaking in mid-April (Figure 1a); the
older age groups were vaccinated before the younger
(Figure 1b). Coverage steadily increased in all age
groups until late April and the beginning of May 2021,
earlier in older than in younger age groups, when it
started to level off (Figure 1b).

More women than men were vaccinated in the early
stages (i. e., December 2020 until March 2021) of the
vaccination program (Figure 2a). Both in the early
stages and during the more intense vaccination period
(i-e., April 2021), relatively fewer individuals belonging
to groups born outside of Sweden were vaccinated,
most pronounced among individuals born in low- or
middle-income countries. This gap continuously wid-
ened and was most pronounced just before the cohort’s
overall vaccination rates declined, after which, at the
end of the study period, relatively more individuals
from low- or middle-income countries were vaccinated
(Figure 2b).

Vaccination uptake differed by sociodemographic
factors with lower age, being male, having low income,
being born outside Sweden (most pronounced for low-
or middle-income countries), and living alone all being
factors associated with lower uptake of a Covid-19 vac-
cine and higher ORs of non-vaccination (Table 2). For
example, in the crude model, having a low income was
associated with an OR of 2:10 (95% CI: 2-05—2-15) for
non-vaccination compared to having medium or high
income. Corresponding ORs among those born in HIC
or LMIC were 2-54 (95% CI: 2-44—2-63) and 6-05 (95%
CI: 5-85—6-206), respectively, compared to being born in
Sweden.

In the mutually adjusted model 3, the ORs of non-
vaccination were generally reduced relative to the crude,
especially for those born in LMIC compared to those
born in Sweden (OR 4-44 (95% CI: 4-29—4-61)), sug-
gesting that part of these differences was related to and
explained by other sociodemographic factors. There was
increased discriminatory accuracy by including all socio-
demographic factors as compared to the model only
including age (i.e., an AUC increase from o-62 to 0-73).
After additional adjustment for region, comorbidities,
and history of Covid-19 in model 4, ORs for sociodemo-
graphic differences in vaccination rates were only
slightly affected, and the AUC showed a slight increase
(to 0-74). Additional adjustment for educational level
did not further affect these results (data not shown).

The analysis of 48 intersectional strata, using a
multi-categorical variable for all combinations of the
sociodemographic variables included in Table 2, showed
large variations in the uptake of Covid-19 vaccination
ranging from 44% to 97%, depending on other socio-
economic dimensions (Figure 3). For example, among
those with low income the uptake of vaccination ranged
from 44% to 94%. The ten combinations with the low-
est uptake of vaccination were generally characterised

by lower age (nine of ten strata), having a low income
(eight of ten strata), and being born outside Sweden
(most pronounced for those born in a low- or middle-
income country) (Table 3). The majority of these strata
included living alone (seven of ten). The ten combina-
tions with the highest uptake of vaccination were most
often characterised by higher age, by medium/high
income (seven of ten strata), and by being born in Swe-
den (eight of ten strata). Although the variability across
strata in this model provides an important additional
layer of multi-dimensional socioeconomic insight, the
AUC for this model was not higher than for Model 3,
which would be expected if the simpler model with only
main effects did not fit data well, thus indicating that
there was no evident intersectional interaction between
the sociodemographic variables (Table 3).

Discussion

In this nationwide observational register-based study on
individuals aged Go years or older representative of the
general population in Sweden, we showed consistent
social inequalities in Covid-19 vaccination uptake. Low
income, male sex and being born outside of Sweden
were all associated with a lower vaccination uptake in
the crude and multivariable-adjusted models. Adjust-
ment for region, history of Covid-19 and comorbidities
did not change these associations, and thus cannot
explain the social patterning in vaccination uptake. The
intersectional analyses showed large variations in vacci-
nation coverage in cross-classified sociodemographic
subgroups with marked differences also within sociode-
mographic groups.

Our findings are consistent with the few published
studies and reports on sociodemographic differences in
the uptake of Covid-19 vaccination. In accordance with
reports produced by the Public Health Agency of Swe-
den,”” we found that vaccination rates vary in relation to
country of birth. However, our results extending beyond
the early period of vaccination that has largely been the
focus of the few studies in this field, show that this asso-
ciation persists across additional strata of sociodemo-
graphic characteristics, and after adjusting for region,
comorbidities, and having a history of Covid-19. We
confirm results from English studies including older
adults showing that individuals in ethnic minority
groups and those in a less advantaged socioeconomic
position were less often vaccinated.”®™"® Additionally, in
another study (i.e., preprint) on primary-care patients,
those with a pre-existing medical condition were equally
or more likely to be vaccinated unless they had severe
mental illness.*® This finding is in line with the results
from our study, showing that cardiovascular disease,
respiratory disease, cancer and diabetes was more preva-
lent among the vaccinated, and psychiatric disease was
more common among the non-vaccinated. Earlier sur-
veys of the potential acceptance of a Covid-19 vaccine
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Figure 2. Cumulative uptake (%) of Covid-19 vaccination by sex (a; solid line (blue)=Male, dashed line (red)=Female), and by country
of birth (b; solid line (blue)=Sweden, dashed line (red)=High income countries, dotted line (grey)=Low- or middle-income countries)
in the Swedish population aged > 60 years since the start of vaccination in late December 2020 until 17 May 2021.
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Characteristics Vaccinated® Model 1° Model 2° Model 3° Model 4°
% OR" 95%Cl OR" 95%Cl OR" 95%Cl OR" 95%Cl
Age group
60—74 years 83 1-00 () 1-00 1-00
> 75 years 93 0-38 (0-37—0-39) 0-32(0-31-0-33) 0-35 (0-34—0-36)
Sex
Male 87 1-00 1-00 1-00
Female 88 0-91 (0-89—0-93) 0-84 (0-82—0-86) 0-81(0-79—0-84)
Income®
Medium/High 920 1.00 1-00 1-00
Low 81 210 (2-05—2-15) 1.99 (1-94-2.05) 2:16 (2:10—2-23)
Country of birth®
Sweden 90 1.00 1-00 1.00
HIC 78 2.54 (2-44—2-63) 2:29(2:21-2-38) 2:15(2-07—2-23)
LMIC 60 6-05 (5-85—6-26) 444 (4-29—-4-61) 3.86 (3-71—4-00)
Living alone
No 90 1-00 1-00 1.00
Yes 83 1-85(1-81—1-89) 1-66 (1-62—1-71) 1-64 (1-59—1-68)
AUC (ROC-curve) 0-62 (0-62—0-63) () 0-73 (0-72—-0-73) 0-74 (0-74—0-75)
Table 2: Perc ge vaccinated g individuals in the Swedish population aged > 60 years, and adjusted odds ratios (ORs) with 95%
Confidence Interval (Cl) for non-vaccination by sociodemographic factors i.e., age, sex, income, country of birth, and household
composition.
# Income: Disposable income of a family divided by the number of family members; Medium/High: 2nd and 3rd tertile, Low: 1st tertile.
b Country of birth: Sweden, HIC: High Income Countries; LMIC: Low-Middle Income Countries.
€ Model 1: Only including age in the model.
4 Model 2: Crude odds ratios models for each sociodemographic factor.
€ Model 3: Mutually adjusted.
£ Model 4: Model 3 + adjusted for living in region with major city, comorbidities, and having a history of Covid-19.
8 Proportions weighted to reflect the Swedish population age and sex distribution in the > 6o years age group.
" 0dds ratios (ORs) and 95% Confidence Interval (CI).
I AUC Model 2: Sex 0-50 (0-50—0-51); Income 0-57 (0-56—0-57); Country of birth 0-62 (0-61—0-62); Living alone 0-56 (0-56—0-57).

have shown a more positive attitude in higher educated”
and higher income groups,” but also among women.”
However, women were only marginally more often vacci-
nated compared to men in our study. Consistent with the
results in the mentioned surveys showing large disparities
in vaccine hesitancy across ethnic groups® ™ the lowest
Covid-19 vaccination uptake in the present study was seen
in individuals born in low-or middle-income countries, of
which only 60% had received vaccination compared to
individuals born in Sweden.

There were four sequential vaccination stages in
Sweden and people at older age were prioritized for vac-
cination, which we also could confirm showing that
older individuals were vaccinated before the younger.
Taking part of the Covid-19 vaccination program is an
individual decision and different reasons for non-partic-
ipation have been reported. These mostly include uncer-
tainties and fears connected to side-effects, lack of
information, wanting to wait until later, lack of institu-
tional trust or not believing in the risk of becoming seri-
ously ill from Covid-19.”*® While vaccination against
Covid-19 is free of charge in Sweden and despite easily
accessible vaccination, there are likely also issues related
to availability in certain settings. To increase vaccination
acceptance and uptake, earlier research has indicated

that communication and interventions should be tar-
geted to a range of sub-populations with different socio-
cultural and educational characteristics and that there is
no “one size fits all” approach to address vaccine hesi-
tancy.” According to Bagasra et al., such strategies
should encompass reduction of potential structural bar-
riers to the uptake of vaccination through feasible access
to vaccination sites, reduced language barriers, open
communication about concerns of side effects, and
strategies to increase trust in the scientific commu-
nity.”® In Sweden, various initiatives to lower the
threshold for vaccination have been suggested and
partly implemented, aiming both to increase accessibil-
ity (e.g., drop-in vaccination at schools and workplaces,
collaborations with assemblies and unions, targeting
geographical areas with low vaccination rates) as well as
education efforts and outreach activities (e.g., letters,
text messages, cultural interpreters, and social media
campaigns).*?

Previous research in other areas using an intersec-
tional analysis approach have contributed to a more
nuanced understanding of sociodemographic differen-
ces when studying self-rated health, but also when look-
ing at the dispensation of antibiotics and smoking.”® **
To our knowledge, the intersectional approach has not
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Intersectional strata N Vaccinated® Model 5

% OR (95% CI)°
Men/Med-High inc/Co/Born Swe/Age >75 35652 97 0-30 (0-27—0-33)
Women/Med-High inc/Co/Born Swe/Age >75 20289 97 0-32 (0-29—0-35)
Women/Med-High inc/LA/Born Swe/Age >75 16142 95 0-49 (0-44—0-55)
Men/Med-High inc/LA/Born Swe/Age >75 15989 95 0-57 (0-51—0-63)
Women/Low inc/Co/Born Swe/Age >75 7312 94 0-61 (0-54—0-70)
Men/Low inc/Co/Born Swe/Age >75 13384 94 0-63 (0-56—0-71)
Women/Med-High inc/Co/Born HIC/Age >75 1625 93 0-71 (0-56—0-89)
Women/Med-High inc/Co/Born Swe/Age 60—74 32985 92 0-89 (0-84—0-93)
Men/Med-High inc/Co/Born HIC/Age >75 2863 92 0-84 (0-69—1-02)
Women/Low inc/LA/Born Swe/Age >75 50940 92 0-81 (0-76—0-86)
Women/Med-High inc/LA/Born HIC/Age >75 1402 91 0-93 (0-71—1-22)
Men/High-Med inc”/Co“/Born Swe“/age 60—74 35173 91 1.00°
Men/Low inc/LA/Born Swe/Age >75 20629 90 1-12(1-04—1-22)
Men/Med-High inc/LA/Born HIC/Age >75 1209 90 1-13 (0-85—1-51)
Women/Med-High inc/LA/Born Swe/Age 60—74 15460 87 1-53 (1-45—1-62)
Women/Low inc/Co/Born Swe/Age 60—74 2667 85 1-69 (1-52—1.89)
Men/Med-High inc/LA/Born Swe/Age 60—74 15523 84 1-83(1-73—1-93)
Women/Med-High inc/Co/Born LMIC/Age >75 214 84 1-89 (1-23—2-89)
Women/Low inc/LA/Born HIC/Age >75 6233 83 1.98 (1-78—2-19)
Men/Low inc/Co/Born HIC/Age >75 1323 83 2-02 (1-63—2-49)
Men/ Med-High inc /Co/Born LMIC/Age >75 606 83 1-97 (1-50—2-58)
Women/Low inc/Co/Born HIC/Age >75 804 83 2-02 (1-60—2-55)
Men/Med-High inc/Co/Born HIC/age 60—74 2322 83 2.09(1-87—2-33)
Women/Med-High inc/Co/Born HIC/Age 60—74 2865 83 2.06 (1-87—2-28)
Men/Low inc/Co/Born Swe/Age 60—74 2226 82 2:20(1.97—2.45)
Men/Low inc/LA/Born HIC/Age >75 2240 80 2-53 (2:15—2.96)
Men/Med-High inc/LA/Born LMIC/Age >75 167 79 264 (1-61—4-31)
Women/Low inc/LA/Born Swe/Age 60—74 9393 78 2.71(2-55—2-88)
Women/Med-High inc/LA/Born HIC/Age 60—74 1686 78 2-86 (2-55—3-21)
Men/Low inc/Co/Born LMIC/Age >75 1183 77 291 (2:41-3-52)
Women/Low inc/Co/Born LMIC/Age >75 113 76 3-12 (2:39—4-06)
Women/High-Med inc/LA/Born LMIC/Age >75 130 72 3.72(2:24—6-17)
Men/Low inc/LA/Born Swe/Age 60—74 8106 72 3-90 (3-68—4-14)
Men/Med-High inc/Co/Born LMIC/Age 60—74 2620 71 4-10 (3-75—4-49)
Men/Med-High inc/LA/Born HIC/Age 60—74 1202 70 4.28 (3-78—4-85)
Women/Med-High inc/Co/Born LMIC/Age 60—74 1755 68 4-58 (4-14—5-08)
Women/Low inc/Co/Born HIC/Age 60—74 575 67 4.95 (4-17-5-87)
Women/Low inc/LA/Born LMIC/Age >75 2429 64 5.54 (4-92—6-24)
Men/Low inc/Co/Born HIC/Age 60—74 years 598 64 5-67 (4-80—6-70)
Women/Med-High inc/LA/Born LMIC/Age 60—74 years 1092 63 591 (5-23—6-68)
Men/Low inc/LA/Born LMIC/Age >75 years 1047 61 6-28 (5-22—7-56)
Women/Low inc/LA/Born HIC/Age 60—74 years 1853 60 6-47 (5-87—7-13)
Men/Med-High inc/LA/Born LMIC/Age 60—74 years 784 60 6-64 (5-76—7-65)
Men/Low inc/LA/Born HIC/Age 60—74 years 1272 55 8-05 (7-18—9-01)
Women/Low inc/Co/Born LMIC/Age 60—74 years 1229 54 8:34 (7-44—9-34)
Men/Low inc/Co/Born LMIC/Age 60—74 years 1612 52 8-94 (8-08—9-90)
Women/Low inc/LA/Born LMIC/Age 60—74 years 2074 44 12-32(11-26—13-50)
Men/Low inc/LA/Born LMIC/Age 60—74 years 1466 44 12-54 (11-25—13-94)
AUC (ROC-curve) 0-73(0-72—0-73)

Table 3: Percentage vaccinated among individuals in the Swedish population aged > 60 years, and adjusted odds ratios (ORs) with 95%
Confidence Interval (Cl) for non-vaccination related to intersectional strata based on sociodemographic factors i.e., age, sex, income,
country of birth, and household composition. The twenty intersectional strata with the lowest and highest ORs, respectively, of non-
vaccination are marked in grey.

¢ Reference group.

> Income: Disposable income of a family divided by the number of family members; Medium/High: 2nd and 3rd tertile, Low: 1st tertile.
Cohabiting (Co), Living alone (LA).
Country of birth: Sweden; HIC: High-income country; LMIC: Low-middle income country.
Proportions weighted to reflect the Swedish population age and sex distribution in the >60 age group.
Odds ratios (ORs) and 95% confidence intervals (CI).
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Figure 3. Proportion vaccinated (i.e., having received at least one dose of a Covid-19 vaccine) in 48 intersectional strata defined by
sex, country of birth (Swe: Sweden, HIC: High income countries, LMIC: Low-middle income countries), income (L income: low income
[1st tertile], M-H income: Medium/high income [2nd and 3rd tertile]), age (60—74 years: top panels, >75 years: bottom panels), and
cohabiting status (not living alone: left panels, living alone: right panels). The proportions are weighted to reflect the Swedish popu-

lation age and sex distribution in the >60 age groups.

been used in vaccination studies when trying to under-
stand and dissect disparities. An intersectional analysis
approach presenting multiple cross-classified strata
might more easily be interpreted and useful in public
health compared to the use of e.g., interaction terms.
The results from our analyses more clearly showed
wider differences across groups defined by an

intersectional classification than in the analyses using
one-dimensional classification. As there was no clear
indication of statistical interaction, we regard this as
being the result of additive effects of the sociodemo-
graphic factors that defined the intersectional strata.”®
While the overall pattern showed that those with the
lowest uptake of Covid-19 vaccination were
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characterised by lower age, being born outside of Swe-
den, or on low income, the proportion vaccinated con-
nected to the intersectional strata holding these factors
varied highly depending on the associations to other
sociodemographic factors in the strata. Thus, intersec-
tional stratification considering several overlapping
social dimensions at the same time, adds information
on the sociodemographic distribution of vaccination
uptake that could be useful for targeting specific groups.
The discriminatory accuracy of the intersectional model
was modest to strong, indicating that the variables
included in the model were reasonably good but not
excellent at discriminating vaccinated individuals from
non-vaccinated.

This study has several strengths. Firstly, it includes a
large representative sample of the Swedish population;
the large study population also allows for intersectional
analyses using multiple strata. Secondly, all data are reg-
ister-based with high quality and completeness, result-
ing in very little missing data. The vaccination data in
particular are comprehensive, since reporting to the vac-
cination register for Covid-19 is mandatory and regu-
lated by law.>® This is of particular importance for
determining the extent of non-vaccination in different
population groups. Thirdly, our dataset includes infor-
mation on several sociodemographic characteristics, as
well as potential confounding factors. However, despite
the large sample size, it was sometimes necessary to
combine these factors into broader categories. This may
have caused some of the finer differences in non-vacci-
nation between groups to remain undetected. Another
minor weakness of the study design we chose is that
individuals in the cohort who died or emigrated before
17 May 2021 were excluded from the analyses, and
some of these may have been vaccinated before death or
emigration. However, in our study, only very few
individuals died or emigrated after vaccination.
Lastly, the results indicate that some groups with
lower vaccination rates participated to a greater
extent towards the end of the study period when vac-
cination rates had substantially declined, indicating a
potential reduction in differences in vaccination rate
between sociodemographic groups over time. Due to
the data delivery processes, data availability only
extends to 17 May 2021, and we are unable to assess
if vaccination rates in certain groups indeed
increased over time after this date.

In conclusion, the results from the present study,
addressing a general population sample representative
of the older adults in the Swedish population, revealed
large sociodemographic differences in Covid-19 vaccina-
tion uptake, similar to those seen in the few previous
studies made within this field of research. In addition,
the intersectional analyses which has not previously
been used in vaccination studies when trying to under-
stand and dissect sociodemographic disparities, pro-
vides an important additional layer of insight and

www.thelancet.com Vol 15 Month April, 2022

contributes to a better understanding of the complexity
in the uptake of vaccination. Finally, since the Covid -19
vaccination program in Sweden, as well as world-
wide, now addresses the whole adult population and
since sociodemographic disparities in vaccination
uptake may be even more pronounced in younger
age groups, further research in this field is now
urgently needed.
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