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ABSTRACT

Introduction We aimed to describe the distribution

of excess mortality (EM) during the first weeks of the
COVID-19 outbreak in the Stockholm Region, Sweden,
according to age, sex and sociodemographic context.
Methods Weekly all-cause mortality data were obtained
from Statistics Sweden for the period 1 January 2015 to
17 May 2020. EM during the first 20 weeks of 2020 was
estimated by comparing observed mortality rates with
expected mortality rates during the five previous years
(N=2 379 792). EM variation by socioeconomic status
(tertiles of income, education, Swedish-born, gainful
employment) and age distribution (share of 70+-year-old
persons) was explored based on Demographic Statistics
Area (DeS0) data.

Results EM was first detected during the week of 23-29
March 2020. During the peak week of the epidemic (6—12
April 2020), an EM of 150% was observed (152% in
80+-year-old women; 183% in 80+-year-old men). During
the same week, the highest EM was observed for DeSOs
with lowest income (171%), lowest education (162%),
lowest share of Swedish-born (178%) and lowest share
of gainfully employed residents (174%). EM was further
increased in areas with higher versus lower proportion

of younger people (magnitude of increase: 1.2—1.7 times
depending on socioeconomic measure).

Conclusion Living in areas characterised by lower
socioeconomic status and younger populations was
linked to excess mortality during the COVID-19 pandemic
in the Stockholm Region. These conditions might have
facilitated viral spread. Our findings highlight the well-
documented vulnerability linked to increasing age and
sociodemographic context for COVID-19-related death.

INTRODUCTION

In just 3 months since the first death attrib-
uted to COVID-19 was reported in Sweden
on 11 March 2020, the pandemic has claimed
more lives than breast cancer and prostate
cancer combined over an entire year in
2017."' * Although the high mortality due to
COVID-19 is hardly disputed, current esti-
mates of deaths may be underestimated, as

Key questions

What is already known?

» While the evidence on individual-level influences of
age-related and socioeconomic factors on COVID-19
mortality is rapidly growing, reports on the prognos-
tic role of older people’s sociodemographic context
are still sparse.

What are the new findings?

» We found that in the Stockholm Region of Sweden,
COVID-19-related excess mortality was dispropor-
tionately born by the older adults and by those living
in socioeconomically deprived areas with a higher
proportion of young people; these conditions might
have facilitated viral spread.

» Thus, individual-level influences of age-related and
socioeconomic factors represent only one dimension
of vulnerability faced by older adults; contextual so-
ciodemographic characteristics are likely involved in
the shaping of COVID-19 outcomes as well.

What do the new findings imply?

» While different models of stratified shielding have
already been suggested, these rarely account for
contextual sociodemographic factors, which is likely
to lead to poorly targeted public health responses
that are not properly calibrated to the people or the
areas involved.

» Tracking people’s individual characteristics and their
sociodemographic context might ease the imple-
mentation of future COVID-19-related preventive
and containment strategies.

figures based on laboratory-confirmed results
miss the false-negative cases and those who
were not tested at all.” Further, they do not
include the deaths caused by conditions
that would have normally been treated, had
hospitals not been overwhelmed by a surge of
patients needing intensive care. In areas with
extensive testing, overestimation is possible
too, since deaths in persons who tested posi-
tive may be unrelated to COVID-19. Excess
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mortality, the gap between the deaths from any cause
and the historical average for the same place and time
of year, offers a more comprehensive way to measure the
mortality linked to the COVID-19 outbreak. Assessing
excess deaths in Sweden is especially relevant, as restric-
tions and confinement there have been considerably less
widespread compared with the rest of Europe. In brief,
there have been no widespread lockdowns to mitigate the
spread of COVID-19. Individuals were requested to exer-
cise personal responsibility in order to protect themselves
and others. Restaurants and schools for students under
the age of 16 have remained open, and gatherings have
been restricted to a maximum of 50 people.”

It is known that older adults bear a disproportionate
burden of COVID-19 mortality, with 89% of all deaths
due to the disease as of 22 June 2020 in Sweden occurring
in individuals aged 70 or above.” Moreover, COVID-19
appears to impact socioeconomically vulnerable popu-
lations especially hard. A preliminary analysis of excess
mortality between 1 and 10 April 2020 in the Stockholm
Region (the area most affected by COVID-19 in Sweden)
has revealed that excess deaths were highest in munic-
ipalities with lower education, income and share of
Swedish-born residents.* Few attempts have been made
to integrate biological (old age) and social (economic
deprivation) vulnerabilities to better understand the
forces driving COVID-19-related mortality in Sweden.
A recent study has found that in older adults, individual
measures of socioeconomic deprivation, such as reduced
disposable income or lower educational attainment,
appeared less predictive of COVID-19 mortality than in
the working-age subset of the Swedish population.’

Individual-level influences of socioeconomic factors
represent only one dimension of vulnerability faced by
the older adults. Contextual socioeconomic charac-
teristics have been described as another contributor to
social disparities in older adults’ health® and are likely
involved in the shaping of COVID-19 outcomes as well.
Furthermore, the consequences of contextual depri-
vation are probably non-uniform depending on the
predisposing conditions that may either accentuate or
lessen the effect of individual socioeconomic vulnerabil-
ities. Contextual demography may be one such factor.
Preliminary data from New York City have shown that
areas with a higher share of the population under the
age of 18 had more COVID-19 cases, although it was
unclear whether children accelerated the transmission
or whether reduced incomes underpinned this associa-
tion.” A recently proposed segmentation and shielding
strategy places emphasis on those most vulnerable to
COVID-19 outcomes and also on their closest contacts
and networks, who can transmit the disease to them.®
Therefore, it is important to assess how contextual age
distribution and socioeconomic status interact in shaping
COVID-19 excess deaths.

Our aim in this study is threefold: (1) to estimate the
age-specific and sex-specific excess mortality during the
first weeks of the COVID-19 outbreak in the Stockholm

Region; (2) to explore to what extent COVID-19 excess
mortality varies among socioeconomically diverse areas;
(3) to assess if the excess mortality variation linked to
socioeconomic characteristics is modified by the age
distribution of the population in the area.

METHODS

This was a time-trend, ecological study. Weekly all-cause
mortality figures and population data for the Stockholm
Region (n=2 379 792 residents at the beginning of 2020)
were provided by Statistics Sweden (SCB) for the period
1 January 2015 to 31 May 2020. Data from the two last
weeks in 2020 (ie, 18-31 May) were discarded due to
quality considerations since there is alag in data reporting
by the Swedish Tax Agency to SCB. Official COVID-19-
related deaths (deaths with a positive test for COVID-19,
regardless of the cause of death) were obtained from the
Swedish Public Health Agency.”

Total, age-specific and sex-specific mortality rates were
calculated for each week. The size of the resident popu-
lation, averaged across 13 weeks (3 months), was used
as the denominator for each trimester. The expected
weekly mortality rates for the first 20 weeks of 2020 were
obtained by averaging weekly mortality estimates for the
years 2015 to 2019. Observed weekly mortality rates were
compared with the expected ones in order to obtain
excess mortality estimates: ((observed rate-expected rate) /
expected rate)x100.

Mortality rates by socioeconomic (ie, income, level
of education, share of Swedish-born, share gainfully
employed) and demographic (ie, share of 70+year-old
persons) indicators for Demographic Statistics Areas
(DeSO) within the Stockholm Region were also obtained
from SCB. DeSOs are adjoining areas with around 1500
inhabitants (range: 700 and 2700) aimed at capturing
small within-area and large between-area socioeconomic
variability. DeSO subdivisions are based on the bound-
aries of municipalities, election districts and major urban
areas over 1000 inhabitants, and are considered to be
stable over time.” The selection of socioeconomic and
demographic indicators was based on pragmatic grounds,
given that these are the only ones openly accessible from
SCB’s website. These measures represent a compre-
hensive overview of contextual socioeconomics and are
routinely used by statistical bureaus in their reports.

Income was measured as median employment and
business (acquisition) income, and level of education
as the share of above elementary (12 years) education
across DeSOs. A person that is gainfully employed should
have worked for at least 1 hour per week in the month
of November, including those temporarily absent. If
administrative records do not contain information on
working hours, SCB consults the Earnings Register that
contains information on the salary amount for every
person’s employment relationships and the months
when the taxable payments were made to infer gainful
employment status over the year. Data on DeSO-level
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Figure 1 All-cause mortality rates and excess mortality
in the Stockholm Region (N=2 379 792), Sweden, during
the first 20 weeks of 2020. The dark blue line indicates the
mortality rates per 100 000 persons-week reported on the
logarithmic scale. The light blue lines indicate 95% Cls for
the average mortality rates corresponding to the five previous
years. Bars depict the excess mortality during the first 20
weeks of 2020 in comparison with the average from five
previous years.
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sociodemographics corresponded to years 2018-2019.
Socioeconomic indicators were categorised into low,
medium or high according to tertiles of the DeSO distri-
bution, and further divided according to the share of
70+-year-old persons (below vs above the median) within
each tertile.

Stata V.16 (StataCorp) was used for all the analyses. No
ethical approval or consent was needed for the present
study given the use of aggregate-level data. SCB is respon-
sible for coordinating the system for the official statistics
in Sweden and follows UN’s basic principles for official
statistics and the Guidelines for European Statistics.

Patient and public involvement

There was no direct public involvement either in the
setting of the research questions or developing the study
design.

RESULTS

Between 11 March 2020—the date of the first death
attributed to COVID-19—and 17 May 2020, 5119 deaths
were reported in the Stockholm Region, compared with
an average of 3009 during the same period in 2015-2019,
that is, an estimated excess of 2110 deaths. Within the
same period, 1942 deaths were officially attributed to
COVID-19 by the Swedish Public Health Agency. Starting
in the week of 9-15 March 2020, an ascending trend in
excess mortality was observed, which peaked during the
week of 6-12 April 2020 (figure 1).

During the week of 6-12 April 2020, overall mortality
exceeded the average rates observed in the preceding 5
years by 150% (126% for women, 176% for men). Excess
mortality varied across age groups and sex. During the
same week, mortality rates were in excess of the 5-year
averages by 69% (49% for women and 82% for men) in
individuals 0-64 years old, by 129% (68% for women and
175% for men) in individuals 65-79 years old, and by
165% (152% for women and 183% for men) in individ-
uals 80 years old or older (table 1).

During the outbreak, the highest excess mortality was
recorded among DeSOs in the lowest tertiles for income,
educational level, share of Swedish-born and share of
gainfully employed (excess of 171%, 162%, 178% and
174%, respectively, for the peak week of 6-12 April 2020;
figure 2). The evolution of excess mortality according to
DeSO-level socioeconomic characteristics from the start

Table 1 All-cause mortality rates (per 100 000 persons-week) and excess mortality in the Stockholm Region (N=2 379 792),
Sweden, by age group and sex during the COVID-19 outbreak (ie, 9 March 2020 to 12 April 2020)

<65 years

65-79 years 80+

Observed Expected Excess Observed Expected Excess

Observed Expected Excess

Week rate rate (%) rate rate (%) rate rate (%)
Women
Mar 9-15 2.3 2.0 14.9 18.1 26.4 -31.5 172.9 179.3 -3.6
Mar 16-22 1.5 1.5 1.5 25.9 27.4 -55 158.6 181.6 -12.7
Mar 23-29 2.0 1.7 17.0 30.4 29.7 24  258.6 184.3 40.3
Mar 30-Apr 5 1.8 1.7 0.2 53.6 25.6 109.9 326.8 192.8 69.5
Apr 6-12 2.5 1.7 48.8 47.8 28.6 67.5 425.1 168.8 151.9
Men
Mar 9-15 2.6 2.7 -3.0 33.4 35.9 -7.0 164.0 212.6 -22.9
Mar 16-22 2.6 2.7 -5.9 42.7 38.2 11.8 2484 186.3 883
Mar 23-29 2.8 3.0 -6.5 61.9 37.7 64.0 340.0 185.3 83.5
Mar 30-Apr 5 5.0 2.8 7.7 82.5 38.0 117.4 3954 193.5 104.4
Apr 6-12 5.0 2.8 81.6 103.8 37.8 174.7 518.4 183.4 182.7

Excess mortality calculated comparing mortality rates during weeks 11-15 of 2020 with the average mortality rates recorded for the

corresponding weeks during the five previous years.
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Figure 2 Average excess mortality across the 1287 DeSOs of the Stockholm Region (N=2 379 792), Sweden, by levels of
socioeconomic indicators during the COVID-19 outbreak (ie, 9 March 2020 to 12 April 2020). Demographic Statistics Areas
(DeSO) produced by Statistics Sweden gather groups of around 1500 inhabitants (range: 700 and 2700) and are built within the
municipal boundaries across Sweden. Excess mortality calculated comparing mortality rates during weeks 11-15 of 2020 with
the average mortality rates recorded for the corresponding weeks during the five previous years. Socioeconomic indicators
were categorised into low, medium or high according to tertiles of the DeSO distribution.

of the COVID-19 outbreak until the end of the obser-
vation period (17 May 2020) is shown in online supple-
mental figure 2.

DeSO-level age composition, categorised according
to the share of 70+-year-old people, appeared to modify
EM differentials according to socioeconomic character-
istics: the highest excess mortality rates were observed
among more deprived as well as younger DeSOs. The
corresponding numbers for the peak mortality week (ie,
6-12 April 2020) were 215% for younger DeSOs with
the lowest income, 221% for younger DeSOs with the
lowest educational level, 198% for younger DeSOs with
the lowest share of Swedish-born and 232% for younger
DeSOs with the lowest share of gainfully employed resi-
dents (figure 3). Even within the most deprived DeSOs,
there was a 1.2-fold to 1.7-fold increase in excess mortality
between those with a lower versus higher share of older
people during the week of 6-12 April 2020, depending
on the socioeconomic indicator considered. Excess
mortality rates by socioeconomic and demographic

indicators for the entire period until 17 May 2020 are
presented in online supplemental table 1.

DISCUSSION

In the present work, we found that, in the Stockholm
Region, the negative impact of the COVID-19 outbreak
was disproportionately born by the older adults and by
those living in socioeconomically deprived areas with a
higher proportion of young people, which underlines
the prognostic role of the interplay between old age and
a context of social vulnerability.

Deaths with a positive test for COVID-19, regard-
less of the cause of death, constituted 92% of our esti-
mated number of excess deaths for the period between
9 March 2020 and 17 May 2020. There have been occa-
sional accounts of under-reporting of COVID-19-related
deaths that do not occur in hospitals. Our finding seems
to support this scenario, rather than a supposed over-
reporting of COVID-19-related death.” We cannot,
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Figure 3 Average excess mortality across the 1287 DeSOs of the Stockholm Region (N=2 379 792), Sweden, by levels of
socioeconomic indicators and share of 70+-year-old people during the peak of the COVID-19 outbreak (ie, week of 6-12 April
2020). Demographic Statistics Areas (DeSO) produced by Statistics Sweden gather groups of around 1500 inhabitants (range:
700 and 2700) and are built within the municipal boundaries across Sweden. Excess mortality calculated comparing mortality
rates during the week of 6-12 April 2020 with the average mortality rates recorded for the corresponding weeks during the

five previous years. Socioeconomic indicators were categorised into low, medium or high according to tertiles of the DeSO
distribution, and further divided according to the share of 70+-year-old persons (below vs above the median) within each tertile.

however, exclude that some of the EM was due to a
general strain on the healthcare system.

Our observation that the risk of severe COVID-19
is not uniformly distributed across population groups
corresponds to other empirical evidence. Age is the main
risk factor for COVID-19-related death, with over two-
thirds of deaths in Sweden to date being in people aged
80+ years,” an age group with EM of 165% according to
our findings. The progressive accumulation of multiple
chronic conditions begins during adult life and accel-
erates after the sixth to seventh decade, when more
than one in two individuals are affected by two or more
chronic diseases (ie, multimorbidity)." Multimorbidity
increases individuals’ risk of developing physical and
cognitive impairments and facilitates the onset of infec-
tious diseases, such as pneumonia, due to viral and bacte-
rial agents.""™"* Such lack of resilience to stressful events
can lead to biological frailty, a condition that character-
ises a considerable share of older adults and which has
been recently identified as an independent risk factor for
intensive care need and in-hospital death among older
adults affected by COVID-19." '

Protracted social inequalities in non-communicable
diseases and socially patterned health determinants are
being magnified by the COVID-19 pandemic, which
places a disproportionate burden on those who are socio-
economically vulnerable, as shown by our findings."”
These individuals have higher rates of almost all known
underlying clinical risk factors that increase the severity
and mortality of COVID-19."® Social determinants of
health, governing where people work, live and age, are
the likely drivers of the social inequalities in COVID-19’s
outcomes. In addition to influencing COVID-19’s chronic
comorbidities, life-long socioeconomic adversity may
lead to a suppressed immune response due to psycho-
social stress increasing the likelihood of infection.'
Reduced incomes may lead to home overcrowding, which
increases the risk of contagion too. Environments charac-
terised by increased deprivation may have lower access to
healthcare, even in universal healthcare systems, whereas
reduced educational level and lower health literacy may
impede access to and understanding of public health
advice.!” Overall, rather than being socially neutral as
claimed in the early days of the pandemic, COVID-19

Calderon-Larrafiaga A, et al. BMJ Global Health 2020;5:003595. doi:10.1136/bmjgh-2020-003595 5



BMJ Global Health 8

exacerbates existing social inequalities in health and
disease.

Whether Sweden’s less-restrictive  approach to
containing COVID-19 by promoting ‘social distancing’
instead of compulsory quarantine has been more or less
successful is yet to be examined in international compar-
ative studies, but what seems to be evident from our
study is that such strategy may have been less effective in
deprived areas with a high proportion of younger people.
Consistent with the approach taken in other countries as
an exit strategy from COVID-19 lockdown, Swedish policy
has been directed to reduce intergenerational contact
primarily among older people from the beginning.®
However, according to the idea of segmented shielding,
almost as important as taking strict precautions to avoid
infection among the most vulnerable (ie, the older popu-
lation) is extending such safety measures to older adults’
regular contacts who tend to be younger: those who live
with them, the relatives who visit them and/or the social
workers who care for them (ie, the shielders).® Factors
like occupational environments (eg, service sector and
other jobs requiring physical contact with others), active
social lives, shortage and lack of adapted preventive
information, as well as overcrowded and intergenera-
tional cohabitation may have increased the likelihood of
the virus exposure among the younger ‘shielders’, with
a direct impact on the vulnerable older populations, as
shown by excess mortality rates surpassing 200% in socio-
economically deprived areas with a high share of younger
residents. Offering quarantine facilities to help people in
crowded households to isolate themselves has been one
important measure launched by some municipalities in
the Stockholm Region,? but perhaps not enough. The
dissemination of translated guidelines about reducing
the spread of COVID-19, for example, has incurred an
unnecessary delay.”’ Setting the limit for public gather-
ings to 50 people® might also have been insufficiently
restrictive, given the propensity among younger people
to meet in smaller groups.

Public health implications

Our findings have important implications for future
shielding strategies, under the likely scenario of future
resurgences of the COVID-19 infection®! or other
pandemics. Furthermore, the need to target interven-
tions (eg, confinement, social distancing, active surveil-
lance) and direct healthcare resources towards the
subgroups at increased risk of developing the most severe
forms of the disease is widely acknowledged.” While
different models of stratified shielding have already been
suggested,” ** these rarely account for contextual socio-
demographic factors, which is likely to lead to poorly
targeted public health responses that are not properly
calibrated to the people or the areas involved. In this
regard, tracking people’s individual characteristics and
sociodemographic context might ease the implementa-
tion of effective preventive and containment strategies.
The lack of exhaustive individual and contextual data

coverage has in fact been pointed out as one of the
weaknesses of the current response to the COVID-19
pandemic.” Collecting these data will be one of the
most important strategies to successfully cope with future
similar scenarios.

Study limitations

We could neither observe mortality for individuals within
DeSOs nor could we examine specific DeSOs on their
own due to SCB’s rules against backwards identifica-
tion of individuals. Instead, we aggregated DeSOs into
groups defined by contextual socioeconomics and age
distributions and examined weekly mortality differences
across these SES—age-DeSO slices. This prevented us
from obtaining variance estimates within DeSO groups.
Given the lack of availability of individual-level data, we
cannot ascertain the age of the subjects contributing to
the exceptionally high rates of excess mortality seen in
the deprived young neighbourhoods of the Stockholm
Region. Still, we have reasons to believe that they are most
likely 65 years or older, as is the case for the rest of the
population. If all people dying in these areas were below
65, the mortality rate for this age group during the peak
week of 6-12 April 2020 would not make up for the actual
number of deaths observed during that week (expected:
16 deaths; observed: 132-150 deaths depending on the
socioeconomic indicator considered). Considering that
the 2019-2020 winter in Stockholm was one of the mildest
on record, the observed mortality in the period before
the COVID-19 outbreak was reduced in comparison with
previous years.”® Thus, it is likely that the calculated excess
mortality is underestimated. On the other hand, it should
be noted that the lower-than-average mortality preceding
the outbreak may have increased the ‘pool’ of frail persons
and thus inflated excess mortality during the outbreak.

CONCLUSION

Future COVID-19-related strategies of social distancing,
confinement, active surveillance, and eventually vacci-
nation, will necessarily have to consider individuals’ risk
of morbidity and mortality if they were to contract the
virus. This necessitates to also account for their sociode-
mographic context. In the Stockholm Region, vulnerable
individuals living in deprived areas with a high proportion
of young people will require carefully tailored prevention
strategies.
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