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A B S T R A C T

Background: Both age and comorbidity are established risk factors for death among those infected with
COVID-19. Because they often co-exist, it is difficult to assess if age is a risk factor on its own.
Methods: We used administrative register data of the total Swedish population from 01/2015 until 07/2020.
We stratified the population aged 70+ into three groups according to level of care (in care homes, with home
care, and in independent living). Within these groups, we explored the level of excess mortality in 2020 by
estimating expected mortality with Poisson regression and compared it to observed levels. We investigated
if excess mortality has been of the same magnitude in the three groups, and if age constitutes a risk factor for
death during the pandemic regardless of level of care.
Findings: Individuals living in care homes experienced the highest excess mortality (75- >100% in April,
25�50% in May, 0�25% in June, depending on age). Individuals with home care showed the second highest
magnitude (30�60% in April, 15�40% in May, 0�25% in June), while individuals in independent living experi-
enced excess primarily at the highest ages (5�50% in April, 5�50% in May, 0�25% in June). Although mortal-
ity rates increased, the age-pattern of mortality during the pandemic resembled the age-pattern observed in
previous years.
Interpretation: We found stepwise elevated excess mortality by level of care during the first wave of the
COVID-19 pandemic in Sweden, suggesting that level of frailty or comorbidities plays a more important role
than age for COVID-19 associated deaths. Part of our findings are likely attributable to differences in exposure
to the virus between individuals receiving formal care and those living independently, and not only different
case fatality between the groups. Although age is a strong predictor for mortality, the relative effect of age on
mortality was no different during the pandemic than before. We believe this is an important contribution to
the discussion of the pandemic, its consequences, and which groups need the most protection.
Funding: This study was funded by the Swedish Research Council for Health, Working Life and Welfare
(FORTE: grant 2016-07115).

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
1. Background

Old age, as well as poor health, have been identified as major risk
factors for dying with COVID-19 ([1, 2]). Because these risk factors
often co-exist, it is difficult to distinguish their respective role for
adverse outcomes. It is, however, important to understand the rela-
tive roles of age and health status for the risk of dying with COVID-
19, to identify individuals at risk. While age has been communicated
as the primary risk factor for mortality from COVID-19, alternative
approaches to using chronological age as the sole criterion for allocat-
ing medical resources have been discussed [3].

A review and meta-analysis found a weak influence of age on
COVID-19 disease severity when adjusting for important age-depen-
dent risk factors [4]. However, few studies met the inclusion criteria.
A Swedish study including patients with and without COVID-19
admitted to a geriatric clinic found that clinical frailty was a more
important predictor for death with COVID-19 than age [5]. In addi-
tion, a US-based study using information from electronic medical
records found that age had only a small effect on COVID-19 mortality
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Research in context

Evidence before this study

Old age and comorbidity are both known to increase the risk of
dying from COVID-19. This has been observed in the general
population and COVID-19 patients. It could, however, be
hypothesized that old age has a less pronounced role in risk of
death from COVID-19 in healthier subgroups of the population
than among frail or ill individuals. Furthermore, the role of indi-
viduals’ living arrangement, whether in care homes or indepen-
dent living, for death from COVID-19 is also of importance in
the context of evaluating policies aimed at protecting vulnera-
ble groups. There is a lack of studies exploring the role of health
status, living arrangement, and age in the total population con-
sidering the size of each subgroup.

Added value of this study

To the best of our knowledge, this study is the first to estimate
age-specific risk of death during the pandemic in population
groups stratified by level of care, which, in this setting, is also a
rough proxy for level of frailty and underlying health status.
Age-specific excess mortality during the first wave of the
COVID-19 pandemic in Sweden is presented by three levels of
care in individuals aged 70 years and older. Furthermore, this
study shows the extent to which excess mortality levels have
clearly differed between the three levels of care at a given age.
Care homes have been at the center of attention in the discus-
sions of how successful pandemic polices have been. It is clear
from our results that the policy of protecting the old and vul-
nerable was not very successful during the first wave of the
pandemic in Sweden.

Implications of all the available evidence

Age has a clear impact on the risk of death, and the risk of death
increases with every passing chronological year. However, dur-
ing the pandemic, the relative effect of age on mortality has not
been different than before, as indicated by the almost parallel
upward shift of death rates. Our findings suggest that level of
care, and perhaps health status, play a more important role
than age for COVID-19 associated deaths. Therefore, this sug-
gests that health status should perhaps be given more attention
when protecting vulnerable groups than age alone. Part of the
findings are likely attributed to differences in exposure to the
virus between individuals receiving formal care and those liv-
ing independently.
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when comorbidities were considered [6]. However, the existing liter-
ature has failed to address two important questions regarding age
and COVID-19 mortality. First, what the age trajectory of mortality
during the pandemic looks like, in comparison to previous years, and
if this differs by groups with different health status. Often age is
adjusted for but how death risk increases with age is rarely pre-
sented. Age is among the strongest risk factors for mortality, even in
the absence of a pandemic, with an exponential increase in death risk
with age [7]. The question is, has age had a more pronounced role on
mortality during the pandemic, and, if so, has this age effect been dif-
ferent in groups with different health status and care need? A reason-
able strategy to assess the risk of dying from COVID-19 in different
groups is to stratify the population accordingly and estimate death
rates within each subgroup separately.

Second, until recently, most studies have been based on COVID-19
cases only, and most often on patients with severe COVID-19 who
were admitted to the hospital ([8, 9]). While this can be informative
in a clinical setting, it precludes conclusions about the relative role of
age and health status during the pandemic in the total population.
Relative risks of certain risk factors in relation to others are valid only
among the infected individuals under study or generalized to sub-
groups of other infected individuals. They are, however, not valid as
risk estimates for the same factors within the total population. It
could be hypothesized that old age or comorbidity level have a less
pronounced role in COVID-19 death among healthier subgroups of
the population than among frail or ill subgroups, where a strong
selection has already taken place.

Excess mortality has been reported in many studies during the
pandemic [10-12], and also sometimes for in care- or nursing home
populations [13]. Yet it is not entirely clear how excess mortality
compares with expected mortality levels in different age groups, as
well as for individuals in different settings, such as with and without
home care.

In Sweden, elderly care is dominated by the principle of “age-in-
place”, meaning that old individuals continue to live at home for as
long as possible [14]. With time, they are offered publicly organized
and funded home care to manage everyday life. This care consists of
assistance with everyday activities, such as cleaning, groceries, and
cooking, and personal care, such as showering and going to bed. A
smaller proportion also receives home health care. If individuals lose
the ability to live at home even with assistance, they are offered the
opportunity to live in a care home. Once individuals move to a care
home, they are generally frail and suffer from a high burden of
comorbidity, which is reflected by the statistic that, as of 2018, older
adults spent only a median 2 years in a care home before dying [15].
Here we distinguish three groups in the total population according to
their level of care, which may be considered a proxy of health status.
These groups were individuals aged 70 years and older i) in indepen-
dent living, ii) with home care, and iii) in care homes.

The aim of the present study was two-fold. First, to examine if
age-specific excess mortality during the first wave of the COVID-19
pandemic in Sweden, between January and July 2020, differed by
level of care in individuals 70 years and older. Second, to assess how
the increase in death risk with age differed across levels of care.

2. Material and methods

2.1. Data

Our analyses were based on data from the Swedish Cause of Death
Register [16] and the Register of Municipal Care for elderly and indi-
viduals with disabilities. In accordance with the Social Services Act,
both are administered by the National Board of Health and Welfare
and updated monthly in this study. We analyzed monthly all-cause
death counts for Sweden between January 2015 and July 2020, strati-
fied by month, sex, age, and care status. The data was structured into
five age groups, ranging from 70�74 to 90+. The three distinct groups
for care status were: individuals living at home without assistance
(“independent living”), individuals living at home receiving home
care (“home care”), and individuals residing in care homes (“care
home”). Information about the number of individuals in each group
and the number of deaths that occurred in the three groups was
obtained at the beginning and end of each month, respectively.

Currently available information makes it difficult to assess with
certainty who has died from COVID-19. For instance, COVID-19
deaths are inherently uncertain because their classification depends
on intensity of testing, principles for assigning cause of death, and
whether all or only hospitalized deaths are considered [17]. We
therefore chose to assess the excess of total mortality (all causes) in
2020 compared to previous years. However, in secondary analyses,
we compared total excess mortality and COVID-19 deaths, the latter
defined as death within 30 days of confirmed COVID-19 by PCR-test.
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2.2. Estimating observed mortality in 2020

Monthly death counts and person years at risk for each month and
care group by age and sex served as input for the estimation of the
observed mortality rates in 2020. Person years were estimated by
averaging the respective start-month and end-month population and
multiplying it by the proportion of days in a given month among the
total number of days in the respective year.

2.3. Estimating expected mortality in 2020 in the absence of COVID-19

Expected mortality in 2020 for the three care groups is based on
the mortality trend in the previous 5 years. We estimated expected
mortality in 2020 using a Poisson GLM, which was the preferred
choice in a comparison with a negative binomial GLM. We estimated
separate models for each age group, care status group, and sex. Our
model specification followed a Serfling-like regression model, which
has frequently been used for the estimation of baseline mortality in
seasonal settings [18]. Each model consisted of a time trend compo-
nent that we modeled using a natural cubic spline, a seasonal compo-
nent that we modeled using a sine and cosine wave, and an offset
given by the respective number of person years at risk. We excluded
January to March, July, and August, and November and December in
the estimation to reduce the effect of months that are particularly
vulnerable to external factors such as winter flu epidemics or heat
waves in the summer. This is in line with the procedure applied by
EuroMOMO [19]. The model was fitted to the respective monthly
death counts from 2015 to 2019. We used bootstrapping to address
the uncertainty in observed death counts and to provide a prediction
interval (PI) for the predicted mortality in 2020. We produced 5000
sets of resampled death counts, assuming that deaths are Poisson dis-
tributed with mean equal to the observed counts. The model was fit-
ted separately to each of these sets. Across the resulting 5000
predictions for the months in 2020, we extracted the median esti-
mate, as well as the estimates at 2.5% and 97.5% quantiles to calculate
the 95% prediction interval (PI).

2.4. Excess mortality

Excess mortality was calculated by comparing the observed death
counts and death rates in 2020 with the median and 95% prediction
interval (PI) of the expected mortality in 2020 in the absence of
COVID-19. We estimated both absolute levels of excess mortality,
presented as death rates, and difference in death counts, and the rela-
tive mortality difference between the observed and expected mortal-
ity level within each care group and by sex and age.

Finally, to compare the estimated excess of mortality with the
COVID-19 death toll, we used numbers of COVID-19 deaths by age
group and care status, published as publicly available statistics by the
National Board of Health and Welfare in Sweden. We estimated to
what extent COVID-deaths account for the total excess in mortality
during the months April-June in 2020 stratified by age group.

2.5. Role of the funding source

The funding agency had no role in study design, data collection,
data analysis, interpretation or writing of the report.

3. Results

The proportion of the population, in men and women, respec-
tively, who belong to each of the three groups at different ages can be
found in Supplementary Fig. 1, the left panel showing the distribution
during 2015�19 and the right panel, 2020. Before age 80, the propor-
tion of individuals with public financed care, at own home or in care
homes, did not exceed 5%. Compared to men, a higher proportion of
women received care. In age group 85�89, around 25% of women
received either home care or lived in a care home, while the corre-
sponding proportion in men was around 20%. In age group 90+, more
than 50% of the population received home care or lived in a care
home. Even if subject to small variations, the distributions have been
rather stable over the study period.

Fig. 1 presents the observed and expected death rates by sex and
over age from January to July 2020. The figure clearly shows pro-
nounced mortality differences between the three groups regardless
of the pandemic, with individuals in care homes having around ten
to twenty times higher death rates compared to individuals in inde-
pendent living at comparable ages. The differences were larger
among the younger old than among the oldest old. The figure further
shows that in the months prior to the pandemic, the observed death
rates for 2020 were at the lower end of the prediction interval of the
expected death rates. From April onwards, when the pandemic had a
clear impact on death rates, excess mortality was primarily present
in the two groups who received care, while the group in independent
living showed little excess mortality. Finally, the figure shows that
the COVID-19 pandemic seems to have shifted mortality to higher
levels almost in parallel to the age trajectory we would expect with-
out the pandemic. To wit, the excess mortality was not more present
in the oldest old than in the younger old compared to each age
groups’ expected levels of mortality, with some minor exceptions.
For example, in May, the largest excess in the independent living
group was experienced by those aged 90+. By July, almost all mortal-
ity levels were within the range of the expected mortality for 2020.

Fig. 2 shows the relative differences in excess mortality within
each care group, and by sex and age. While the relative increase in
excess mortality was largest in April and May for the two groups
with care, the pattern was even more pronounced over these months
for the group in independent living. In this group, it was particularly
pronounced the oldest individuals � among women aged 90+ and
men 85+ - who experienced consistently higher death rates than
expected, corresponding to around 70% higher than expected for
women and 50% higher for men from April to June. As seen in Fig. 1,
the group living in care homes experienced the greatest increases in
age-specific death rates, corresponding to 75% or more in ages 70�90
for men and ages 70�84 for women. Above that age, the excess mor-
tality was around 50% for both men and women, lower than among
the oldest age group in independent living.

However, even if the excess mortality was lower in a relative
sense in the oldest age group in care homes, this group had the high-
est absolute number of excess deaths (Fig. 3). In fact, during April, the
number of excess deaths was higher at every age in the care home
group compared to the other two groups. Although Fig. 1 related the
number of excess deaths to the size of each group, Fig. 3 presents
only crude death counts, as illustrated by the rather low contribution
of deaths in the youngest age group in care home settings. Even
though this group had the highest relative excess mortality, it did not
substantially impact overall excess mortality because so few individ-
uals live in care homes at this age. At no time were there fewer
deaths than expected for any of the age groups. The highest contribu-
tion of death counts was seen in April in women aged 90+ living in
care homes, with 441 more deaths than expected (PI: 383�494). The
corresponding number for men was 202 (PI: 160�239).

Fig. 4 presents two things, first, the total relative excess mortality
for the entire period from April to June 2020 for the three groups, by
age and sex (black line), as well as the share of those deaths attribut-
able to COVID-19 deaths (bars). For example, among women aged
70�74, we observe a relative excess in death rate of around 5%. Addi-
tionally, adding in the respective COVID-19 deaths in women receiv-
ing home care, the relative excess in the death rate rises to 10%.
Finally, also adding the deaths in women in care homes results in rel-
ative excess of 17.5%. The total relative excess observed for this age
group was around 20%.



Fig. 1. Age- and sex-specific observed death rates per month in 2020 compared to the 95% prediction interval of expected death rates, stratified by level of care, Sweden.
Notes: Expected death rates (in the absence of COVID-19) have been predicted from a Poisson regression, with a time and a seasonal component, fitted for the months April to

June and September to October between 2015 and 2019. The 95% prediction interval (shaded area) is based on 5000 predictions from the model using bootstrapped samples of the
corresponding age-specific death counts.

Fig. 2. Relative differences in observed vs expected age- and sex-specific monthly death rates in 2020, stratified by level of care, March to July 2020, Sweden. Gray bars show the
95% prediction interval.

Notes: Relative mortality differences have been calculated by diving death rates in 2020 by the corresponding predicted death rates minus one. Expected death rates have been
predicted from a Poisson regression, with a time and a seasonal component, fitted for the months April to June and September to October between 2015 and 2019. The 95% predic-
tion interval (gray bars) is based on the 5000 predictions from the model using bootstrapped samples of the corresponding age-specific death counts.
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Fig. 3. Absolute differences in observed vs expected age- and sex-specific monthly death counts in 2020 stratified by level of care, March to July 2020, Sweden. Gray bars show the
95% prediction interval.

Notes: Differences have been calculated by subtracting death counts in 2020 by the corresponding expected death counts. Expected death counts have been estimated from a
Poisson regression, with a time and a seasonal component, fitted for the months April to June and September to October between 2015 and 2019. The 95% prediction interval is
based on the 5000 predictions from the model using bootstrapped samples of the corresponding age-specific death counts. The bars depict the difference with the median predic-
tion and the dots refers to difference using the boundaries of 95% prediction interval.

Fig. 4. Relative differences between observed and expected age- and sex-specific death rates during April to June 2020 for Sweden, as well as the share that COVID-19 related
deaths make up to the difference, by care status.

Notes: The expected death rates for the total Swedish population has been calculated by adding all expected death counts by age and level of care and dividing these counts by
the corresponding number of person years. The bars are based on death rates, where COVID-19 related deaths are added stepwise to the expected number of death counts. The black
dots mark the difference between the observed death rate in 2020 and the prediction for the total population. Differences have been calculated by diving death rates in 2020 by the
corresponding expected death rates minus one. Only the median of the prediction has been used. Expected death counts have been predicted from a Poisson regression with a time
and a seasonal component, fitted for the months April to June and September to October between 2015 and 2019.
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The relative excess mortality in the total population, during the
whole period from April to June, in Sweden, was largest among
women aged 75�79 years and men aged 85+, corresponding to
around 40% higher than expected. COVID-19 related deaths
accounted for most of the excess mortality; however, for women
aged 75�79, there was a deviation. Fig. 4 further shows how individ-
uals in care homes account for the largest share of the total excess
mortality over the whole period at all ages, except men aged 75�79.
This pattern was more pronounced among women than men. In
women, most COVID-19 deaths came from individuals in care homes,
particularly in the 85+ age group, compared to about half of the
deaths in men. The share of excess mortality deaths among individu-
als in independent living declined with age. For the age group 85+, it
was only 5% among women and 7% among men.

3.1. Stockholm

The results for the most affected region in Sweden, Stockholm,
show the same overall pattern as for the rest of Sweden. However,
excess mortality started earlier and was higher than in the rest of
Sweden (Supplementary materials).

4. Discussion

To the best of our knowledge, this is the first study that estimated
and compared excess mortality during the COVID-19 pandemic in
population groups stratified by level of care (i.e., independent living,
home care, and care home) and age. Most earlier studies have
explored mortality differences by age and comorbidity based only on
individuals infected by COVID-19. Based on these studies, it was
unclear how the increase in mortality with age had been affected by
the pandemic.

Our results showed that before the pandemic began, observed
mortality levels were similar to, or even at the lower end of, the pre-
dicted death rates for 2020 in Sweden. In March 2020, excess mortal-
ity was observed only in young-old women residing in care homes,
whereas in April there was excess mortality in all three groups and at
all ages. However, excess mortality was more pronounced among
those receiving care than among the group in independent living. The
relative increase in mortality with age was not larger during 2020
than what was expected from previous years. For the group living in
care homes, we instead observed higher excess mortality among the
younger ages than among the oldest old. Because excess mortality is
estimated as the difference between observed and expected mortality,
the magnitude depends on the predicted level of the expected mortal-
ity. We chose a regression approach to model our baseline because we
compared three population groups with varying degrees of mortality
improvement. However, in sensitivity analyses related to model spec-
ification and data input, where we tested the inclusion and exclusion
of different months, the shape of the seasonal component, and the
inclusion of 2020 summer months, we found the age pattern for mor-
tality was consistent (supplementary figures 6, 7). That is, despite
varying magnitudes of excess mortality, the finding that the relative
effect of age on mortality seems to be similar during the pandemic as
before the pandemic. This is not to be confused with the fact that age
is indeed a strong predictor of death, and that the level of mortality
was clearly highest at higher ages.

Taken together, our results suggest that the comorbidity burden,
measured by the level of care, plays an important role in the risk of
COVID-19 associated death, regardless of age. This interpretation is
supported by the gradient dose-response relationship between care
and mortality, where care home residents experienced the greatest
excess mortality, followed by those with home care, and finally those
living independently. Furthermore, the results suggest that age alone
is not necessarily a risk factor for COVID-19-specific death, beyond
the “normal” risk of age that is present in absence of the pandemic.
This interpretation is supported by the parallel shift in death rates
over age observed in all three groups, rather than an exponential
increase with age. This finding is in line with results of a recent US
study [20], even if that study was restricted to individuals younger
than 84 years.

It is likely that our findings also reflect the risk of exposure to the
virus, in addition to the risk of dying from COVID-19. Although Indi-
viduals receiving care regularly meet home care providers, the group
in independent living is likely to have fewer contacts outside their
household. Even if the relatively healthy group in independent living
may have been exposed to the virus during the early phase of the
pandemic through social events and everyday living, they may have
been able to avoid the virus to a higher extent by self-isolation. In
Sweden, individuals 70 years and older were identified as a risk
group and recommended to stay in isolation in late March 2020,
something those with home care and in care homes could not do.
Official statistics of confirmed COVID-19 in the groups with home
care and in care homes in July 2020 (National Board of Health and
Welfare) indeed show that the proportion of confirmed COVID-19
cases was higher in care homes than in home care. This may indicate
that individuals in care homes were more affected, and possibly also
tested to a greater extent. The differences in positive tests vary
greatly between age groups. For instance, in July 2020, for men, it dif-
fers between 0.5 to 11 percentage points depending on age, and
among women between 0 and 27 percentage points. Because we also
observed an age pattern of excess mortality in age groups with no dif-
ference in positive tests, we conclude that even if a different level of
exposure to the virus is a likely explanation, it may not account for all
of the difference in mortality.

In line with previous studies, we found higher excess mortality
among men than women during the pandemic, but the differences
appear to be smaller when broken down by level of care. The finding
that the sex ratio of COVID-19 mortality varies with age is consistent
with past findings [21]. It must be noted, however, that observed
mortality in 2020 is compared to predicted mortality based on the
previous five-year trend, and, especially for women in independent
living aged 75�79 and 90+, the improvement in the previous years
was surprisingly strong (supplementary figure 6). As the expectation
for improved mortality in 2020 continues this trend, the difference
between expected and observed may be especially inflated. Though
large improvements in recent years may be the result of fluctuations
and could be followed by a decline. Therefore, the excess mortality in
these two groups may be somewhat overestimated.

The considerably higher number of absolute excess deaths among
women living in care homes is likely driven by the higher number of
women living in care homes. We found higher excess mortality
among males in independent living compared to women, possibly
reflecting the fact that men of the same health status as women are
less likely to receive home care because of support provided by their
wives. In Sweden, it is more common for men than women to receive
informal care [22]. Our data also show that fewer men than women
of the same age received care, indicating that level of care may repre-
sent a better health proxy for women than men.

The observed difference between all-cause mortality and COVID-
19 deaths, primarily among women ages 75�79, can be explained by
several factors. For instance, it may be that excess deaths are due to
other causes besides COVID-19, that deaths were in reality caused by
COVID-19 but individuals were not tested, or that the estimation of
the expected deaths for 2020 based on previous years was too opti-
mistic.

It has been suggested that part of the excess mortality during the
first wave of the pandemic reflects deaths occurring somewhat ear-
lier than they otherwise would have among the frailest. If this were
true, one would have expected a more pronounced reduction in mor-
tality in the care home group compared to the group in independent
living in July. We did not see this, at least not yet.
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The strengths of the present study include its population-based
setting with data available on both deaths and the corresponding
population at risk, reliable register information regarding living
arrangement and deaths, and the possibility to use level of care as a
proxy for health status. Additionally, our use of a regression approach
to estimate baseline mortality to account for different levels of mor-
tality improvement in the past, and therefore avoid expected mortal-
ity levels to be too pessimistic for groups with improvement and
ensured that mortality was not underestimated.

Some limitations of our study need mentioning. First, based on the
available data it was not possible to identify the mechanism behind
the relatively higher excess mortality in the two groups with care
compared to the group in independent living. This could reflect a
higher death risk due to poorer health status and a higher comorbid-
ity burden, but differences in exposure to the virus depending on fre-
quency of contact with health providers may also be at play. Also, a
potential drawback of using excess deaths is that they mirror a net
effect of both excess deaths and potentially saved lives during the
pandemic. However, among individuals aged 70 and older, the pan-
demic is unlikely to have had any effect on saving lives, even if the
seasonal flu was milder than most winters.

5. Conclusion

We found stepwise elevated excess mortality by level of care dur-
ing the first wave of the COVID-19 pandemic in Sweden. We also
found that mortality increased with age but that the relative effect of
age on mortality is no different during the pandemic than otherwise.
Of special note was the relatively higher excess mortality among
groups receiving care, suggesting that health status plays a more
important role than age for COVID-19 associated deaths. Part of our
findings may be attributed to differences in exposure to the virus
between individuals receiving formal care and those living indepen-
dently.
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