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Abstract

The Covid-19 pandemic has not affected the population evenly. This must be acknowledged when it comes to understanding
the Covid-19 death toll and answering the question of how many life years have been lost. We use level of geriatric care to
account for variation in remaining life expectancy among individuals that died during 2020. Based on a linkage of admin-
istrative registers, we estimate remaining life expectancy stratified by age, sex, and care status using an incidence-based
multistate model and analyze the number of years of life lost (YLL) during 2020 in Sweden. Our results show that remaining
life expectancy between individuals with and without care differs substantially. More than half of all Covid-19 deaths had
a remaining life expectancy lower than 4 years. Yet, in a 1-year perspective, Covid-19 did not seem to replace other causes
of death. Not considering the differences in remaining life expectancy in the affected populations overestimated YLL by
40% for women and 30% for men, or around 2 years per death. While the unadjusted YLL from Covid-19 amounted to an
average of 7.5 years for women and 8.6 years for men, the corresponding YLL adjusted for care status were 5.4 and 6.6,
respectively. The total number of YLL to Covid-19 in 2020 is comparable to YLL from ischemic heart disease in 2019 and
2020. Our results urge the use of subgroup specific mortality when counting the burden of Covid-19. YLL are considerably
reduced when the varying susceptibility for death is considered, but even if most lifespans were cut in the last years of life,
the YLL are still substantial.
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Introduction

It is clear that a large share of Covid-19 deaths have occurred
among individuals with preexisting health problems [1-3].
This has led to speculations that deceased individuals would
have died soon even in the absence of the pandemic. The
controversy fueled debates about the effectiveness and
costs of non-pharmaceutical interventions, such as lock-
downs, considering also their potential unintended adverse
consequences, including mental health problems [4-8]. An
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essential component of this discussion is the question to
what extent Covid-19 and the further consequences of the
pandemic have shortened lifespans, or in other words, how
many life years have been lost because of the direct and
indirect effects the Covid-19 pandemic.

Almost all countries experienced excess mortality during
the pandemic [9, 10]. The increase in mortality has resulted
in declining life expectancy across most countries where
information is available [11, 12]. Both excess mortality as
well as life expectancy have been argued to be among the
most objective indicators for the consequences of the pan-
demic on population-level mortality [12—14]. Both indica-
tors provide a net estimate of the mortality change, including
additional deaths, such as those from Covid-19 itself but
also other adverse health consequences of the pandemic, and
averted deaths during the pandemic, such as potential lives
saved due to the declining mobility [15].

In Sweden, life expectancy (LE) in 2020 has been esti-
mated to be reduced by 0.6 years for females and 0.9 years
for males compared to 2019 [12]. Considering that LE has
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increased continuously for decades, such a reduction is
substantial.

An alternative perspective on the impact of the pandemic
on mortality are years of life lost (YLL) [16-18]. YLL indi-
cate the average remaining number of expected life years
(remaining life expectancy) for an individual at the time of
death. Life expectancies are usually drawn from life tables,
and thus, reflect population-level estimates. Both the decline
in life expectancy and the amount of YLL are the highest in
Sweden compared to other Scandinavian countries. How-
ever, Sweden is no outlier if the comparison is extended
towards other European countries, the US, or Brazil [12, 19,
20]. For Sweden, Kolk et al. [21] estimate 36,304 lost life
years for women (7.99 years per death), and 48,174 lost life
years for men (9.14 years per death) in 2020, while Pifarré I
Arolas et al. [20] estimated 63,169 lost life years for Sweden
with an average of 8.83 YLL for females and 10.28 for males
using data until the end of November 2020. YLL estimates
in both studies are based age- and sex-specific life expec-
tancy combined with Covid-19 deaths.

Most studies that quantify the mortality impact of Covid-
19 do not account for health status, and implicitly assume
that individuals dying from Covid-19 had the same remain-
ing life expectancy as the total population. However, in many
countries including Sweden, the majority of deaths with
Covid-19 took place among individuals receiving formal
care, and thus, within a subpopulation, which has on average
a poorer health status and lower remaining life expectancy
compared to the total population [3, 22, 23]. Yet only a small
number of studies have incorporated health information in
the YLL estimation. For instance, Hanlon et al. [24] reported
a decrease of YLL from 12 years to 9.4 years per death and
14 years to 11.6 years for women and men in Italy, while
Ferenci [17] found a decrease from 10.5 to 9.2 years per
death across Hungarian women and men. Both studies used
the number and type of long-term health conditions as meas-
ure for health status. For Scotland, Burton et al. [25] found
a reduction in total YLL from 7.05 to 4.88 years for women,
and 7.39 years to 5.39 years for men, when distinguishing
between care home residents and non-care-home residents.

In Sweden, municipalities are legally obliged to provide
publicly funded geriatric care to older individuals in need.
These services are allocated according to individuals’ needs.
Most commonly individuals are offered home care, and only
when a person’s needs can no longer be met in their own
home do they move into a care home. This makes care sta-
tus an important stratification criterion when analyzing life
years lost in the context of Covid-19.

In this study, we investigate the death toll caused by the
Covid-19 pandemic in Sweden along the dimensions of
age, sex, and care status. We use life expectancy estimates
derived from an incidence-based multistate model stratified
by age, sex, and care status to analyze the questions of how
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remaining life expectancy differs between individuals with
and without formal care, and how many life years have been
lost due to Covid-19 when taking this aspect into account.
To put the YLL into context, we additionally compare the
YLL from Covid-19 to the YLL by other causes of death.

Material and methods
Data

Our study relies on different administrative population reg-
isters, which include all individuals registered in Sweden
during the observation period (January 1, 2015-December
31, 2020) identified through the Total Population Register.
Information on care status—distinguishing between receiv-
ing no formal care, receiving formal home care, and living in
a care home—was derived from the Social Service Register
(SSR). The SSR is an administrative register that collects
monthly information on home care and care home residence
[26]. Death dates and causes of death were identified from
the Swedish Cause of Death Register.

Information on care status was only available for ages
70+. However, to provide a full picture of the Covid-19
death toll, we also incorporated deaths at ages below 70
into our analysis, for which we used aggregated annual death
counts by age, sex and cause of death provided by Statistics
Sweden [27]. For the estimation of excess mortality for ages
below 70, we used weekly death counts by age and sex from
the Short-term Mortality Fluctuations data series (STMF)
and monthly population estimates from Statistics Sweden in
addition to the register data that covered the ages 70+ [27,
28]. Life expectancy estimates for the total Swedish popula-
tion are based on death counts and person years lived from
the Human Mortality Database [29].

Estimating life expectancy and YLL by care status

Care-specific life expectancy was calculated based on an
incidence-based multistate model with rewards, described
in more detail elsewhere [30]. This approach allowed us to
model the transitions between the different care states, and
to more accurately estimate the contribution of individuals
that moved from one of the different care states to death. The
multistate model was age-stage classified and included three
transient states, which are receiving no care, receiving home
care, and living in a care home. Based on the observation
that improvements in the need for care were rare, our model
did not include transitions back to a status with lower care
demand. Death was the only absorbing state (see supplemen-
tal materials for more details).

Age- and birth cohort-specific probabilities of transitions
between care states and of remaining in a care state were
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derived in intervals of three months for the range between
ages 70 and 105 (see supplemental materials). The short
interval allowed to capture several transitions of an indi-
vidual within a short period. In the final multistate model,
we used the median estimate from a set of 2000 smoothed
transition probabilities that we obtained from fitting a Gener-
alized Additive Model (GAM) with a P-Spline, an offset, and
Poisson distribution to resample numbers of transitions [31].
To ensure that the probabilities at each age group sum up
to one, we calculated the probability of staying in a state by
subtracting the sum of all outgoing transitions from one. The
resulting age-specific transition probabilities can be seen in
the supplemental materials.

We used Markov chains with rewards to calculate the
remaining life expectancy conditional on being in a specific
state at a given age x. This methodology is based on the
idea of assigning a specific reward to transitions, such as
one if individuals survive an interval. From the respective
transition and reward matrices, we calculated care-specific
life expectancy following the methodology of Caswell and
van Daalen [30]. To contrast the difference between YLL
when considering care status and not, we also calculated life
expectancy for the total Swedish population using standard
life table methodology.

Deaths for the calculation of YLL

We estimated YLL for deaths with Covid-19 as underlying
cause of death (ICD-10 code: U071, U072, hereafter referred
to as Covid-19 deaths) and all excess deaths, stratified by
age, sex, and care status. In contrast to Covid-19 deaths that

Age 90 Age 80 Age 70

Age 100

are based on death certificates, excess deaths indicate the
net effect on mortality, including both additional and averted
deaths during the pandemic. Deaths below age 70 were only
available in 5-year age groups. We therefore used the Penal-
ized Composite Link Model (PCLM) to ungroup the data
and estimate age-specific counts [32, 33].

Excess deaths were defined as the difference between the
observed deaths and deaths derived from baseline mortal-
ity. Baseline mortality—the hypothetical mortality level in
absence of the pandemic—was estimated using a GAM with
quasi-Poisson distribution to account for overdispersion. The
model had three main components: (1) a component for the
change in mortality over time, (2) a component for season-
ality, and (3) an offset to incorporate changes in population
size over time. The baseline mortality was estimated inde-
pendently for each age interval (5-year age groups), sex, and
care status (only at ages 70+), and the PCLM was used to
obtain age-specific excess deaths. YLL were then calculated
by multiplying the respective life expectancy and number of
deaths at each age.

Results
Care-specific life expectancy

Figure 1 exhibits care-specific and total life expectancy
at ages 70, 80, 90, and 100 years separately for men and
women. It illustrates the large differences in remaining life
expectancy between individuals receiving care and those
without care. Differences in life expectancy between the care
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groups are larger at younger ages and decline with age. At
age 100, remaining life expectancy is between 1.5 and 2.5
years for women and 1-2 years for men depending on the
care status, while differences in remaining life expectancy at
age 70 are considerably larger with almost 18 and 16 years
for women and men without care, but only 5 and 4 years for
those living in a care home. At age 70, total life expectancy
is very similar to the life expectancy of the no care popula-
tion due to the very small share of individuals that receive
care at this age (lower than 2% of the population). However,
this share increases substantially with age. At age 90 and
above, around 50% of men and 60% of women receive some
form of care.

Distribution of deaths by age, care status
and remaining life expectancy

Figure 2 shows the distribution of deaths over age. The
panels on the left show excess death counts, while the
right panels show deaths for which Covid-19 has been
assigned the underlying cause of death separately for
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women and men. The figure exhibits several key findings.
First, the distribution of excess deaths over age mirrors the
distribution of deaths with Covid-19 as underlying cause
of death, although death counts based on excess mortality
are higher. Second, most deaths occurred among individu-
als who received care, either at home or in an institution.
Third, in the group without care and below age 70, more
deaths are observed among men than among women.
Figure 3 depicts the distribution of deaths by remaining
life expectancy for excess deaths and for Covid-19 deaths.
The gray bar depicts deaths with no information on care
status (deaths below age 70). Deaths are grouped accord-
ing to remaining life expectancy. The first group includes
those with a remaining life expectancy between 1 and 2
years, while the last group includes those with a remaining
life expectancy of 12 years or more. Note that the open-
ended age group is 100+. For both sexes, remaining life
expectancy is higher than 1 year in this group, and thus,
there are no deaths with a life expectancy smaller than 1
year. The y-axis shows the percentages of all deaths that
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Fig. 2 Distribution of deaths by age and care status separately for excess deaths and deaths with Covid-19 as underlying cause of death, men and

women, 2020
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Fig. 3 Distribution of deaths by remaining life expectancy and care
status separately for excess deaths and deaths with Covid-19 as
underlying cause of death, men and women, 2020 Notes: For deaths

occurred in the respective group. The bars sum to 100%,
and thus comprise all Covid-19/excess deaths.

The figure shows that for both men and women almost
60% of all deaths occurred among individuals with a remain-
ing life expectancy less than four years. Among women,
7.5% of all Covid-19 deaths occurred among individuals
with an expected remaining lifetime of 1-2 years. Among
men the corresponding number is 16%. Less than 10% of
all deaths for women and around 15% of all deaths for men
had a remaining life expectancy of 12 years or more. Note
that most deaths with unknown care status are deaths that
occurred between ages 60 and 70 and most of them would
likely belong to the no care group. With around 37.5% for
men and 55% for women, a large share of deaths occurred
in care homes.

Table 1 shows the number of deaths (excess and Covid-
19 specific) and the respective YLL estimate using total life
expectancy (unadjusted) and life expectancy adjusted for
care state. The table also depicts the respective number of
deaths and YLL by care status as well as the average number
of YLL per death, which is shown in brackets.

When adjusting for care status, the total number of YLL
declines from 32582 to 23576 among women, and from
43,521 to 33,510 among men. Thus, not considering the
differences in remaining life expectancy in the affected
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below age 70, where information on care status was unavailable, life
expectancy for the total population was also used in the care-adjusted
calculations for the total YLL

populations overestimated YLL by 40% for women and
30% for men. Consequently, the average YLL per death are
around 2 years lower when care status is considered. Based
on the adjusted average YLL per death and the distribution
shown in Fig. 3, it becomes clear that around 70% of deaths
had a remaining life expectancy that is lower than the aver-
age YLL per death.

For a woman who received no care and died from Covid-
19, the estimated average YLL was 11 years, while the cor-
responding numbers were 5 and 3 years for women with
home care or in a care home. For men, these numbers were
9 years, 4 years, and 2 years. The YLL were very similar for
excess mortality.

To put the YLL from Covid-19 in context, Fig. 4 shows
YLL for excess mortality and Covid-19 deaths during 2020,
as well as for some other causes of death during 2019 and
2020. For both men and women, the total number of YLL
from excess mortality in 2020 was larger than all YLL from
ischemic heart disease both in 2019 and in 2020. This is true
also for Covid-19 mortality among women, while for men
YLL to Covid-19 in 2020 were lower than YLL to ischemic
heart disease. The lower bars in color show total YLL when
care status is considered. The comparison between the grey
and colored bars shows that considering care status matters
more for Covid-19 mortality than for the other causes of
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Table 1 Death counts and years
of life lost (YLL) in 2020,

Total YLL (all ages)

Care-specific YLL (ages 70+)

unadjusted and adjusted for care Unadjusted Adjusted No care Home care Care home
status for deaths with Covid-19
as underlying cause and excess Women
deaths C 19
Deaths 4371 4371 402 1243 2491
YLL 32,581.6 (7.45) 23,575.7 (5.39) 4253.6 (10.58) 6553.3 (5.27) 7219.9 (2.90)
Excess
Deaths 5152 5152 479 1623 2967
YLL 34,962.8 (6.79) 24,200.1 (4.69) 4964.3 (10.36) 8602.3 (5.30) 8552.2 (2.88)
Men
c19
Deaths 5066 5066 1047 1474 1923
YLL 43,520.6 (8.59) 33,509.5 (6.61) 9824.4 (9.38) 5682.1 (3.85) 4419.8 (2.30)
Excess
Deaths 6089 6089 1547 1721 2263
YLL 52,123.2 (8.56) 40,722.2 (6.69) 14,704.1 (9.50) 6635.1 (3.86) 5182.4 (2.29)

Average number of YLL per death shown in brackets. Notes: For deaths below age 70, where information
on care status was unavailable, life expectancy for the total population was also used in the care-adjusted

calculations for the total YLL

death, although marked reductions are also visible for res-
piratory diseases and ischemic heart disease. It is also visible
that none of the other causes of death in 2019 or 2020 come
close to the share of YLL in care homes for excess mortality
or Covid-19 mortality. Finally, by comparing the YLL for
Covid-19 with other causes of death in the respective care
groups, we see that YLL from Covid-19 in the home care
group matches the single YLL from respiratory-, infectious-,
and ischemic heart disease in the same care group.

Discussion

We investigated the death toll of the Covid-19 pandemic
in Sweden during 2020 along the dimensions of age, sex,
and care status. We used care status-specific life expectancy
in combination with confirmed Covid-19 deaths and excess
deaths to estimate YLL in 2020 and compared it to other
causes of death in 2019 and 2020. The comparison allowed
us to put into context the amount of expected remaining life
years that have been lost during the pandemic.

Our analysis revealed four key findings. First, remaining
life expectancy varies greatly across care states. Second, the
total amount of YLL from Covid-19 is reduced by 30% when
care-specific life expectancy is considered, which trans-
lates to a reduction of around 2 years in the YLL per death.
Third, more than 50% of all Covid-19 deaths had an average
remaining lifetime of less than 4 years. Fourth, our results
suggest that Covid-19 deaths did not replace other causes of
death in 2020 but came on top of expected deaths. YLL from
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Covid-19 rank among the highest in comparison with other
causes of death, also when considering care status.

Previous studies have documented a close link between
existing comorbidities and an elevated risk for a severe pro-
gression and death from Covid-19 [1-3]. Our analysis of
care status confirms these findings and additionally shows
that a detailed understanding of the Covid-19 death toll
requires information on health status, care need or similar
variables that enables estimation of the variation in remain-
ing life expectancy among those affected. Although the mag-
nitude remains high, YLL are considerably reduced when
care status is considered.

In Sweden as well as in other countries Covid-19 mor-
tality has been particularly high among individuals in care
homes [3, 22, 23], because they are frail, but also because
they have been exposed to the virus to a greater extent than
old people living at home. Protecting individuals within
geriatric care has thus been a top priority in the public
health response to the pandemic. The total number of YLL,
especially among women receiving home care or living in
care homes, however, show that protection efforts in Sweden
have not been successful in the first year of the pandemic.
Instead, the comparison to other causes of death shows that
the Covid-19 pandemic was an unprecedented health threat
to individuals receiving care.

The high number of YLL among men with no care is a
worrisome finding. However, these numbers must be inter-
preted in the context of the gender differences in institution-
alized care. Previous studies documented that living together
with a potential caregiver considerably reduces the risk of
admission to a care home [34, 35]. This likely also applies to



Years of life lost during the Covid-19 pandemic in Sweden considering variation in life expectancy... 1031

YLL
36000 =

32000 =
28000 =
24000 =
20000 =
16000 =
12000 =
8000 =

4000 =

| I ok
11

Excess Covid—19 Infectlous
2020 parasitic dis.

0-

YLL
36000 —

32000 =
28000 =
24000 : .
20000 :
16000 =

12000 =

8000

4000

I Excess T Covid—19 T Infectious T Colorectal V Ischeamic V Stroke T Respiratory 1 External |
parasitic dis.

Excess
2020

Covid—19

Fig.4 YLL for different causes of death in 2019 and 2020 and YLL
from Covid-19 as underlying cause of death and excess mortality
in 2020, ages 70+, men and women Notes: Causes of death groups

the timing and health status at the onset of home care. Given
that in the studied cohorts, married or partnered men are on
average older than their wives, and women more often live
alone, it is more likely that women act as care givers for their
male spouses [36, 37]. This would result in an overestima-
tion of the YLL among respective men without care since
their remaining life expectancy at death would be somewhat
lower than those measured for the no care group as a whole.

The observation that Covid-19 deaths closely resemble
the distribution of excess deaths over age speaks towards
that Covid-19 did not replace other causes of deaths but
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cancer (C18-C21), ischemic heart disease (120-125), stroke (160-164),
respiratory diseases (J), external causes of death (V, W, X, Y)

rather added deaths on top of the expected “normal” mor-
tality. This is also confirmed when comparing the relative
share of different causes on all deaths in 2019 and 2020
when excess deaths have been removed (see supplemental
materials). The similar age distribution also shows that
the pandemic particularly increased the mortality levels
of frail individuals that already have a high death risk.
The higher number of excess deaths compared to Covid-19
deaths may also suggest that cause-of-death-based death
counts underestimate the true death toll of the pandemic,
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a problem that has been pointed out previously for many
countries worldwide [38].

In most cases, Covid-19 deaths cut individual lifespans in
the last years of life, as for instance, indicated by the finding
that more than 50% of all deaths had an expected remain-
ing lifetime of less than 4 years. This has implications for
future mortality trends in Sweden. First, the concentration of
deaths near the end of life suggests that potential mortality
displacement may only have a short-term effect. We can thus
assume that any adverse consequences following for instance
from reduced cancer screening, or postponed care that may
affect the total population will likely result in additional
excess mortality. Second, increased mortality during 2020
will likely not result in a deviation of future mortality trends
in the long run, even if the overall number of YLL caused by
the pandemic remains high. Moreover, considering the vari-
ation in remaining life spans between affected groups, and
the fact that many deaths had a remaining life expectancy
well below the average number of YLL per death, this meas-
ure does not serve as a good summary indicator and should
be used with caution in the case of estimating YLL during
the Covid-19 pandemic for total populations.

Our paper has the strength of nationwide high quality
administrative register data. This allowed us to use both
cause of death statistics from medically signed death cer-
tificates, as well as excess mortality, an indicator for the
adjusted net effect on mortality. We had access to monthly
information about care status and could therefore model
transitions in very short intervals, which is an advantage
given the dynamics of transitions between care states and
death. However, even with this approach, not all short-term
transitions have been captured. Such transitions are mostly
transitions into a state with higher care demand and into
death soon after. Particularly remaining life expectancy for
care home residence may thus be slightly overestimated.
Moreover, we only had care status for the population aged
70 years and older. For ages below 70, we thus used total
life expectancy as expected remaining lifetime, which may
also lead to some overestimation of the remaining lifetime
for some subgroups. There is likely also variation in death
risk within different care status, which we did not consider
in our analysis. With care-specific life expectancy, we thus
capture variation between the different subgroups but not the
variation within subgroups. This could result in an overesti-
mation of YLL as individuals that died during 2020 may had
a higher mortality risk compared to their subgroup peers.
We also did not address the variation in the exposure to the
virus within and across subgroups, which likely explains
part of the differences in deaths and YLL between the differ-
ent care groups. Individual health status and mortality risk
would have captured even more variation in remaining life
expectancy, yet also increased the complexity of the analy-
sis. Overall, considering the large variation we observe in
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remaining life expectancy across the three care groups, we
believe that our stratification of deaths and our estimates
provide a more realistic picture of the YLL compared to
previous estimates that stratify along age and sex only.

Conclusion

The large differences in remaining life expectancy between
individuals with and without formal care, and the fact that
most Covid-19 deaths in 2020 in Sweden occurred in care
homes or among individuals receiving home care illustrates
the need for subgroup specific mortality rates when estimat-
ing the burden of Covid-19 on overall mortality. Neverthe-
less, despite the shorter life expectancies of many individu-
als that died from Covid-19, the data are in line with the
view that Covid-19 did not replace other causes of death but
were additional deaths that came on top of expected mor-
tality, and thus, reduced lifespans in all groups. Even after
taking care status into account, YLL to Covid-19 in 2020
remain comparable to YLL from ischemic heart disease.
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