Meyer et al. BMC Medicine
(2020) 18:41
https://doi.org/10.1186/s12916-020-01514-z

RESEARCH ARTICLE

Open Access

Trends in life expectancy: did the gap
between the healthy and the ill widen or
close?
Anna C. Meyer1* , Sven Drefahl2, Anders Ahlbom1, Mats Lambe3,4 and Karin Modig1

Abstract
Background: During the past decades, life expectancy has continued to increase in most high-income countries.
Previous research suggests that improvements in life expectancy have primarily been driven by advances at the
upper end of the health distribution, while parts of the population have lagged behind. Using data from the entire
Swedish population, this study aims to examine the life expectancy development among subgroups of individuals
with a history of common diseases relative to that of the general population.
Methods: The remaining life expectancy at age 65 was estimated for each year in 1998–2017 among individuals
with a history of disease, and for the total Swedish population. We defined population subgroups as individuals
with a history of myocardial infarction, ischemic or hemorrhagic stroke, hip fracture, or colon, breast, or lung cancer.
We further distinguished between different educational levels and Charlson comorbidity index scores.
Results: Life expectancy gains have been larger for men and women with a history of myocardial infarction,
ischemic or hemorrhagic stroke, and colon or breast cancer than for the general population. The life expectancy
gap between individuals with a history of hip fracture or lung cancer and the general population has, however,
been growing. Education and comorbidity have affected mortality levels, but have not altered the rate of increase
in life expectancy among individuals with disease history. The female advantage in life expectancy was less
pronounced among individuals with disease history than among the general population.
Conclusions: Life expectancy has increased faster in many subpopulations with a history of disease than in the
general population, while still remaining at lower levels. Improvements in life expectancy have been observed
regardless of comorbidity or educational level. These findings suggest that the rise in overall life expectancy reflects
more than just improved survival among the healthy or the delayed onset of disease.
Keywords: Life expectancy, Population aging, Population health, Epidemiology, Education, Cancer, Cardiovascular
diseases

Background
Human life expectancy has increased by more than
2 years per decade during the past century in Sweden as
well as many other high-income countries [1, 2]. The
question of whether the increase in life expectancy has
occurred at a similar pace across population groups has
been investigated in a number of studies. In such studies, the focus has often been on the specific question of
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whether parts of the population remain disadvantaged
and are left behind as life expectancy increases [3–10].
Previous research has suggested that improvements in
health in recent years have been driven by advances at
the upper end of the health distribution, while other
parts of the population have lagged behind [11–13]. Although these studies did not estimate life expectancy,
their results could indicate that the increase in life expectancy has primarily been driven by the healthy part
of the population and that those affected by disease experienced slower increases in life expectancy than the
general population.
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At the same time, the advances in survival from
cardiovascular diseases and several cancer types have
been substantial throughout high-income countries
[14–20]. However, improved rates of survival from
disease do not necessarily correspond to a longer life
expectancy among survivors beyond the acute phase.
Most existing epidemiological studies estimate survival
rates following a real cohort of patients, and only a
few utilize period life table techniques. One major
limitation of observing real cohorts is the inability to
describe recent developments. Given that survival
chances continuously improve for many diseases, survival estimates based on older cohorts provide overly
pessimistic scenarios that potentially overshadow
more favorable survival trends in recent years. In this
study, we calculate the remaining life expectancy
among population groups with a history of common
and severe diseases and examine how it has developed
over time. We then compare these trends to the development of life expectancy in the total population.
We are not aware of any existing study that has examined trends in the remaining life expectancy for
populations with a history of hip fracture, myocardial
infarction, or stroke—even though the latter two conditions are the most common causes of death both in
Sweden and globally [21]. A few studies that have explored trends in life expectancy among population
subgroups with, for instance, diabetes or some cancer
types have reported converging trends, i.e., a narrowing gap between life expectancy in the general population and among subgroups with a history of disease
[22, 23]. A persistent gap was, however, found for
population subgroups with lung cancer [23].
By using register data covering the total Swedish
population, our aim is to examine whether the
remaining life expectancy of men and women who
have experienced common and severe diseases has
improved at a pace similar to that of the general
population. We have included myocardial infarction,
stroke, hip fracture, and certain types of cancer since
these conditions are among the most common diseases in old age, can be reliably studied in population
registers, and cover a broad disease panorama. We estimate the gap in the remaining life expectancy between population groups with a history of these
diseases and the general Swedish population among
men and women separately and examine how this
gap has changed between 1998 and 2017. We additionally stratify the analyses by educational and comorbidity levels in order to examine whether life
expectancy trends in populations with disease history
are sensitive to these two factors, since both education [4, 5, 24] and comorbidity [17, 25] are known to
substantially impact mortality.
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Methods
Data sources and study population

Through record linkage between several population registers using the personal identity number assigned to all
residents of Sweden, the total Swedish population, as
well as individuals with a disease diagnosis, could be
identified. The linkage was conducted by Statistics
Sweden, and the researchers were given an anonymized
dataset. All data sources are described in Supplementary
Figure 1. The date and cause of each death were retrieved from the Cause of Death Register, and disease
diagnoses were obtained from the National Patient
Register (NPR) (myocardial infarction, ischemic stroke,
hemorrhagic stroke, and hip fracture) or the Cancer
Register (colon, female breast, and lung cancer). The
NPR contains data on all hospitalizations in Sweden.
The register also provides particularly good coverage for
these diseases, because they almost always require
hospitalization, have a clear onset, and are usually accurately diagnosed [26, 27]. As reporting to the Swedish
Cancer register is mandated by law, the register has an
estimated completeness exceeding 95% [28]. The categories used to indicate the highest educational level
achieved are basic education (up to 8–9 years of compulsory education, depending on the birth cohort) and
more than basic education. The Charlson comorbidity
index (CCI) scores [29, 30] were calculated based on
diagnoses made during previous hospital admissions.
The primary and secondary diagnoses at first disease occurrence, and in the 1-year period leading up to the first
disease occurrence, were taken into account. All data
were available up to 31 December 2017, except for the
Cancer Register data, which were available up to the end
of calendar year 2016.
The following ICD codes were used to identify primary
diagnoses for the diseases of interest: ischemic stroke
433-34 (ICD-9), I63 (ICD-10); hemorrhagic stroke 43132 (ICD-9), I61-62 (ICD-10); myocardial infarction 410
(ICD-9), I21-22 (ICD-10); hip fracture 820 (ICD-9) and
S72, excluding codes S72.3, S72.4, S72.9 (ICD-10); colon
cancer 153 (ICD-7), C18 (ICD-10); lung cancer 162-63
(ICD-7), C33-34 (ICD-10); and female breast cancer 170
(ICD-7), C50 (ICD-10).
Life expectancy calculation

The remaining life expectancy at age 65 was estimated
for all calendar years between 1998 and 2017 in the general population and in each subpopulation of individuals
with a history of disease. Individuals entered the study
population on their 65th birthday and entered a disease
subpopulation when they received a disease diagnosis.
Person-years and deaths observed in a single year were
used to estimate the remaining period life expectancy as
the area under the Kaplan-Meier product limit estimator
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[31]. This procedure is equivalent to the period life table
technique used by the WHO [32], but it can take advantage of the continuous information available in Swedish
registers. To compare life expectancy between subpopulations and the general population, absolute differences
in years were calculated.
For each subpopulation with a history of disease,
the remaining life expectancy was further estimated
separately for individuals with basic and higher education and for individuals with CCI scores of 0, 1, and >
1, except for cancer and hemorrhagic stroke cases,
for which two categories were used due to the small
numbers of individuals diagnosed with these diseases.
To ensure that the number of cases was sufficient,
the study period was additionally aggregated into five
calendar-year groups. All models were stratified by
gender, and the analyses were conducted in Stata version 14.2 and R version 3.3.1.
Sensitivity analyses

The estimated age-specific mortality rates in subpopulations with a history of disease could be affected by an
unequal distribution of age at disease onset over time.
Holding age at disease onset constant eliminates this potential compositional influence. Thus, in sensitivity analyses, we compared the remaining life expectancy among
individuals with a fixed age of disease onset (age 75 for
cancers and age 80 for the other diseases) and among
those who remained disease-free at this age. In these
sensitivity analyses, the populations with disease history
comprised only individuals with disease onset at the
exact age of 80 (age 75 for cancers).
Mortality shortly after disease onset is high for individuals experiencing a myocardial infarction, stroke,
and hip fracture. Therefore, in order to examine the
impact of mortality improvements in the acute phase,
we estimated the remaining life expectancy excluding
those who died within 28 days after disease onset.
Since mortality for cancer does not show a similar
pattern of increased mortality close to disease onset,
we did not include cancer in these analyses. Finally,
to explore if trends in life expectancy are sensitive to
changes of the baseline age, we estimated the
remaining life expectancy also at ages 60, 75, and 85
years.

Results
A total of 3,877,437 individuals were included in our
study, of whom 53% were women and 47% were
men. Of these individuals, approximately 14% had a
recorded event of myocardial infarction, 11% had an
ischemic stroke, 10% had a hip fracture, and 2% had
a hemorrhagic stroke. In addition, 8% of the women
were diagnosed with breast cancer, while lung and
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colon cancer were diagnosed among 3% and 2% of
the study population, respectively. The number of
men and women in the general Swedish population
and each subpopulation together with the mean age
of disease onset are provided in Supplementary
Table 1 for the years 1998, 2008, and 2017.
Data on education were available for 95% of the study
population and indicated that 56% had attained more
than basic education. Among the individuals diagnosed
with any of the diseases, 36% had a CCI score of least 1
and 13% had a CCI score of at least 2.
Trends in remaining life expectancy

During the 20-year study period, the remaining life expectancy at age 65 rose by approximately 9 months per
decade among women and 1.5 years per decade among
men, reaching 21.5 years for women and 19.2 years for
men in 2017 (Fig. 1, Table 1).
The remaining life expectancy at age 65 was lower
in subpopulations with a history of disease than in
the general population. At the end of the study
period, life expectancy was lowest among those with a
history of lung cancer (3.4 years for women, 2.4 years
for men) and was highest among women who had a
history of breast cancer (19.1 years) (Fig. 1). In all
subpopulations, except for women who had experienced a hip fracture, life expectancy increased over
time. Life expectancy rose faster among women and
men with a history of myocardial infarction, ischemic
stroke, hemorrhagic stroke, colon cancer, and breast
cancer than it did among the general population
(Table 1). In these subpopulations, increases in the
remaining life expectancy per decade ranged from 1.2
years (women with hemorrhagic stroke) to 2.9 years
(men with myocardial infarction).
The gaps in the remaining life expectancy between
these subpopulations and the general population declined most notably for women and men who had experienced myocardial infarction or ischemic stroke
and for women with a record of colon or breast cancer (Table 2). Reductions were smaller among women
and men with a history of hemorrhagic stroke and
among men who had colon cancer. By contrast, the
gaps widened for subpopulations with a history of
lung cancer and hip fracture.
Gender differences

Among the general Swedish population, women had 4
more years of remaining life expectancy than men in
1998, though this gap had declined to 2.5 years in 2017
(Fig. 1). Among the subpopulations who had a history of
disease, the gender differences in remaining life expectancy were smaller. Thus, the gap in the remaining life
expectancy between the general population and the
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Fig. 1 Trends in the remaining life expectancy at age 65 for subpopulations with a history of disease and the general Swedish
population, 1998–2017

subpopulations was larger for women than for men
(Table 2). One exception was the hip fracture population, among whom the gap was wider for men than for
women. Among the subpopulations who experienced
cardiovascular diseases, women did not have a higher life
expectancy than men. Indeed, the findings indicated
that, compared to women, men with a history of myocardial infarction or hemorrhagic stroke had a life expectancy in 2017 that was 6 months higher and
3 months higher, respectively (Fig. 1).
Table 1 Average pace of changes in the remaining life
expectancy at age 65 among the general population and
among individuals with a history of disease, 1998–2017
Pace of RLE change (years/decade)
Women

Men

General population

0.76

1.48

Myocardial infarction

2.48

2.86

Ischemic stroke

1.53

2.38

Hemorrhagic stroke

1.21

1.58

Hip fracture

− 0.29

0.67

Colon cancera

1.67

1.89

Lung cancera
a

Breast cancer

0.75

0.54

2.13

–

RLE remaining life expectancy at age 65
a
Calculated for the 1998–2016 period

Education and comorbidities

In all subgroups affected by disease, the remaining life
expectancy was lower among men and women with
basic education than it was among those with higher
education (Fig. 2). Nevertheless, improvements occurred at a similar pace regardless of educational
level.
In all disease subpopulations, a high comorbidity burden was clearly associated with shorter life expectancy
(Fig. 3). In 2013–2017, for instance, both women and
men with a history of myocardial infarction and a CCI
score of 0 reached a remaining life expectancy of more
Table 2 Differences in the remaining life expectancy (in years)
between populations with a history of disease and the general
population, and the changes in these differences, 1998–2017
Women
1998

Men
Change 1998

2017

Change

Myocardial infarction 11.96 8.70

2017

− 3.26

8.48

5.86

− 2.62

Ischemic stroke

9.50

− 1.45

7.47

5.75

− 1.72

Hemorrhagic stroke

14.76 13.91

− 0.85

11.53 11.34

8.05

Hip fracture

7.08

Colon cancer

10.67 9.17a

Lung cancer

18.04 18.18a + 0.13

Breast cancer
a

Data for year 2016

4.77

9.07

a

2.43

− 0.19

+ 1.99

8.17

9.70

+ 1.54

− 1.51

8.62

7.91a

− 0.71

− 2.35

14.98 16.66a + 1.68
–

–

–
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Fig. 2 Trends in the remaining life expectancy at age 65 among subpopulations with a history of disease stratified by educational level and
gender, 1998–2017

than 16 years, while those with a comorbidity score of >
1 had a life expectancy of about 4 years. Still, the
remaining life expectancy rose across all subgroups distinguished by CCI score, and for all diseases. In the main
analyses, we detected no increases in life expectancy
among women with a history of hip fracture, and only
small improvements among men. However, stratification
by comorbidity score revealed upward trends in all
strata. There was no evidence of a slower or a faster pace
of improvements among healthier individuals, i.e.,
among those with no record of comorbidities.

Sensitivity analyses

First, we estimated the remaining life expectancy at a
constant age of disease onset. This yielded results similar
to those of the main analyses (Supplementary Figure 2).
Next, for myocardial infarction, stroke, and hip fracture,
all individuals who died within 28 days of their disease
event were excluded. This, too, did not notably change
the results (Supplementary Figure 2). The pace of life expectancy improvements was faster among subgroups affected by myocardial infarction, ischemic stroke, colon
cancer, or breast cancer than it was among the
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Fig. 3 Trends in the remaining life expectancy at age 65 among subpopulations with a history of disease stratified by Charlson comorbidity index
score and gender, 1998–2017

populations free of the respective disease, but it was
slower among the subpopulations with a hip fracture or
lung cancer. The only diverging pattern was found for
those who had a hemorrhagic stroke: while our main
analyses indicated that the gap in the remaining life expectancy between these individuals and the general
population was shrinking, the sensitivity analyses found
that this gap was increasing slightly. Absolute gains in
life expectancy were generally smaller in the sensitivity
analyses, which was expected because of the higher baseline age. The gender differences were small, except for

the hip fracture and the colon cancer populations,
among whom women had a remaining life expectancy
that was roughly 2 years higher than that of men. Finally,
changing the baseline age of life expectancy calculation
to 60, 75, and 85 years revealed trends in life expectancy
similar to our main analyses (Supplementary Figure 3).

Discussion
While medical progress has contributed to prolonged
survival following the onset of several diseases, it has
been pointed out that such advances may have enabled
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increasingly frail individuals to survive to higher ages
[33, 34]. Despite improved survival, these individuals
may eventually face a higher risk of death at older ages
and consequently have a lower life expectancy compared
to their healthy counterparts [33, 34]. This study does
not support this concern. In fact, we found that life expectancy rose faster in several population subgroups
with a history of disease than it did in the general population, albeit while remaining at lower levels. Taken together, our results indicate that rising life expectancy is,
at least in part, a result of higher life expectancy in subpopulations with disease history. Moreover, the improvements in life expectancy can be attributed not only to
primary prevention efforts—i.e., preventing diseases
from occurring or delaying the onset of diseases to
higher ages—but also to secondary and tertiary prevention efforts that enable more patients to survive in the
long term.
Our results are consistent with previous findings of
considerable improvements in survival rates among patients with cardiovascular diseases [15, 17, 35] and stable
survival rates among hip fracture patients [36, 37]. The
rapid increases in remaining life expectancy found
among subpopulations with a history of colon or breast
cancer, and the smaller improvements found among
those with a history of lung cancer, also correspond to
previously observed trends in cancer survival [16, 23].
However, none of these studies estimated remaining life
expectancy.
The underlying explanations for the trends observed
in this study are likely multifactorial. Even if this study
aimed at describing rather than explaining such trends,
our results suggest some potential explanations. The advances in life expectancy among subpopulations with a
history of myocardial infarction, stroke, or hip fracture
observed in this study partly reflect the increased survival of patients in the acute phases of diseases through,
for instance, improved surgical methods or higher proportions of patients reaching the hospital in time. Nevertheless, excluding from our analyses individuals who
died within 28 days of disease onset did not notably
change the pace of increases. This suggests that improvements in the acute setting are not the only underlying causes of rising life expectancy.
The improvements in life expectancy over the study
period were not uniform across the different subgroups
in this study. While gains in life expectancy among men
and women with a history of myocardial infarction,
stroke, colon cancer, or breast cancer surpassed those
among the general population, improvements among individuals with a history of hip fracture and lung cancer
were slow to non-existent. The lack of increases in life
expectancy in the hip fracture population is striking. A
recent study has attributed the stagnation in the length
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of survival after hip fracture to a higher prevalence of
comorbidities [37]. In line with this observation, we
found some increases in the remaining life expectancy
among individuals with a history of hip fracture when
stratifying by comorbidity level, which indicates that comorbidity has confounded survival trends in the hip
fracture population. Nevertheless, rising comorbidity
levels have also been reported for individuals with myocardial infarction and stroke [18, 20, 38], among whom
life expectancy increased markedly, even without taking
comorbidity into account. The prevalence of multimorbidity among the old is rising in most developed
countries [39–41] as a result of improvements in survival
after the onset of disease, and of increasing longevity in
general. However, we found that life expectancy rose in
most of our disease populations, and among individuals
with both low and high levels of comorbidity. Moreover,
life expectancy in populations with disease history increased at a similar pace across educational levels, which
suggests that the improvements were not limited to the
highly educated or to those who were comparatively
healthy when they were first affected by disease.
Women live longer than men in almost all human
populations [42]. For example, in the Swedish population in 2017, life expectancy at age 65 was more than
2 years higher among women than among men. However, the gender differences among subpopulations with
a history of disease were smaller. For cardiovascular diseases in particular, there were no notable gender differences in remaining life expectancy. As a consequence,
the gap in life expectancy between individuals with a disease background and the general population was larger
for females than for males. In 2017, for instance, the gap
in life expectancy at age 65 between individuals with a
history of myocardial infarction and the general population was roughly 9 years among women but only 6 years
among men. Men experienced faster improvements than
women, both in the general population and in most subgroups with disease history. Thus, while the gap in life
expectancy compared to the general population was larger among women, they also experienced slower improvements compared to men. Whether these disparities
reflect differences in the characteristics of the affected
women and women in the general population; heterogeneity in disease manifestations, such as differences in
severity between men and women; or differential survival
chances cannot be answered with our data. Still, the larger gender differences in the general population than
among the subgroups with disease history appear—at
least to some extent—reasonable given that women’s
lower risk of cardiovascular diseases [43, 44] is one reason for the higher life expectancy of females in the general population. Results from previous studies have
further shown that even if women have lower risks of
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incident myocardial infarction or stroke than men, the
risks of recurrent events or mortality barely differ between affected women and men [43, 44]. This suggests
that the higher life expectancy among women than
among men may be more closely linked to disease risk
than to prognosis once a disease has occurred.
Period life expectancy summarizes age-specific mortality rates observed in a fixed time period and reflects the
hypothetical mean life span of individuals assuming that
mortality rates remain constant in the future. As such,
life expectancy is influenced by the population composition which may change over time [45]. Numerous factors, such as migration, or social and medical conditions
today and in the past shape both the general population
and populations with disease history. In populations with
disease history, age at (and time since) disease onset is
an important predictor of mortality [45]. Therefore, we
performed sensitivity analyses holding age at disease onset constant which yielded similar findings.
This study is based on data from the entire Swedish
population, including frail and disadvantaged population
groups. The Swedish population registers have high
levels of completeness and validity [26–28], and the diseases we examined are among the most common medical conditions that occur at older ages, not only in
Sweden, but in many other countries with a similar age
structure and disease panorama. During the period
under study, no screening programs were introduced for
the cancer types included in our analyses. Still, attendance rates in the existing screening program for breast
cancer may have changed over time influencing the timing of breast cancer diagnosis. Furthermore, public
awareness, diagnostic sensitivity, and precision have
likely improved over time and thus could have led to the
earlier detection of cancer and consequently to improved
survival. Therefore, we cannot rule out that trends in life
expectancy among cancer populations may be influenced
by lead time bias, i.e., a trend towards earlier detection
of diseases, and thus towards cancers being less advanced at diagnosis. This may be part of an explanation
for the rising life expectancy of men and women with a
history of cancer.
It should also be noted that the CCI cannot identify all
prevalent comorbidities; its specificity is not perfect. It
is, therefore, likely that parts of our study population
had higher comorbidity levels than their CCI scores suggest. This may have led to some dilution of the differences between comorbidity levels and to an
underestimation of life expectancy in subgroups without
comorbidities.
In our data, we could not identify population subgroups with diabetes or dementia, even though these
conditions constitute a tremendous burden in aging societies. Future studies should examine trends in life
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expectancy following the onset of these diseases. Moreover, future research should investigate the mechanisms
behind the observed differences in disease-specific
trends, such as the lack of improvements in life expectancy among men and women with a history of hip
fracture.

Conclusion
Remaining life expectancy has increased faster in subpopulations with a history of disease than in the general
population, while still remaining at lower levels. This
finding suggests that improvements in overall life expectancy are not limited to the healthy population. In
addition, it indicates that improvements are attributable
not only to primary prevention—that is, preventing diseases from occurring or postponing their onset to higher
ages—but to higher life expectancy levels among those
who have been affected by disease. The welldocumented female advantage in life expectancy was
found to be less pronounced in subpopulations with a
disease history than in the general population.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12916-020-01514-z.
Additional file 1: Supplementary Figure 1. Data sources linked
through personal identification numbers and years available.
Additional file 2: Supplementary Figure 2. Trends in remaining life
expectancy of disease-free individuals and individuals with disease onset
at age 80 or 75 by disease and gender in 1998–2002, 2003–2007, 2008–
2012, and 2013–2017.
Additional file 3: Supplementary Figure 3. Trends in remaining life
expectancy at age 60, 75, and 85 for subpopulations with a history of
disease and the general Swedish population, 1998–2017.
Additional file 4: Table S1. Number of men and women in the total
population and in subpopulations with disease history as well as mean
age of disease onset in 1998, 2008, and 2017.
Acknowledgements
We thank Mats Talbäck from the Institute of Environmental Medicine at
Karolinska Institutet for the valuable support with the data management.
Authors’ contributions
KM initiated the study. AM, KM, SD, and AA contributed to the design of this
study and selection of methods. AM undertook statistical analyses and
drafted the manuscript. ML provided expertise in cancer epidemiology. All
authors contributed to the interpretation of findings and critical revision of
the manuscript. The author(s) read and approved the final manuscript.
Funding
This work is part of the project “Ageing in good health,” supported by the
Swedish Research Council for Health, Working Life and Welfare (FORTE),
grant number 2016-07115. The funding agency has not influenced the design of this study, the collection and analysis of data, the interpretation of
results, or the writing of the manuscript. Open access funding provided by
Karolinska Institute.
Availability of data and materials
The data sets generated and analyzed for this study were provided by the
Swedish National Board of Health and Welfare and Statistics Sweden. The
data were used under license for the current study. Restrictions apply to the

Meyer et al. BMC Medicine

(2020) 18:41

availability of these data, which are thus not publicly accessible. Data are,
however, available from the authors upon reasonable request and with
permission of the regional ethics board in Stockholm. Statistical code is
available upon request from the corresponding author at anna.meyer@ki.se.
Ethics approval and consent to participate
This study was approved by the regional ethics committee in Stockholm
(permit numbers Dnr 2011/136-31/5 and Dnr 2015/1917-32). The board
waived the need for patient consent.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Unit of Epidemiology, Institute of Environmental Medicine, Karolinska
Institutet, PO Box 210, SE-171 77 Stockholm, Sweden. 2Demography Unit,
Stockholm University, SE-10691 Stockholm, Sweden. 3Department of Medical
Epidemiology and Biostatistics (MEB), Karolinska Institutet, SE-17177
Stockholm, Sweden. 4Regional Cancer Centre, University Hospital, SE-751 85
Uppsala, Sweden.
Received: 24 July 2019 Accepted: 6 February 2020

References
1. Oeppen J, Vaupel JW. Broken limits to life expectancy. Science. 2002;
296(5570):1029–31.
2. Vaupel JW. Biodemography of human ageing. Nature. 2010;464(7288):536–
42.
3. Kinge JM, Modalsli JH, Øverland S, Gjessing HK, Tollånes MC, Knudsen AK,
Skirbekk V, Strand BH, Håberg SE, Vollset SE. Association of household
income with life expectancy and cause-specific mortality in Norway, 20052015. JAMA. 2019;321(19):1916–25.
4. Mackenbach JP, Kulhánová I, Menvielle G, Bopp M, Borrell C, Costa G,
Deboosere P, Esnaola S, Kalediene R, Kovacs K, et al. Trends in inequalities in
premature mortality: a study of 3.2 million deaths in 13 European countries.
J Epidemiol Community Health. 2015;69(3):207–17.
5. Olshansky SJ, Antonucci T, Berkman L, Binstock RH, Boersch-Supan A,
Cacioppo JT, Carnes BA, Carstensen LL, Fried LP, Goldman DP, et al.
Differences in life expectancy due to race and educational differences are
widening, and many may not catch up. Health Aff. 2012;31(8):1803–13.
6. Hederos K, Jäntti M, Lindahl L, Torssander J. Trends in life expectancy by
income and the role of specific causes of death. Economica. 2018;85(339):
606–25.
7. Östergren O. Growing gaps: the importance of income and family for
educational inequalities in mortality among Swedish men and women
1990–2009. Scand J Public Health. 2015;43(6):563–70.
8. Brønnum-Hansen H, Baadsgaard M. Widening social inequality in life
expectancy in Denmark. A register-based study on social composition
and mortality trends for the Danish population. BMC Public Health.
2012;12(1):994.
9. Wang H, Schumacher AE, Levitz CE, Mokdad AH, Murray CJ. Left behind:
widening disparities for males and females in US county life expectancy,
1985–2010. Popul Health Metrics. 2013;11(1):8.
10. Bor J, Cohen GH, Galea S. Population health in an era of rising income
inequality: USA, 1980-2015. Lancet. 2017;389(10077):1475–90.
11. Modig K, Virtanen S, Ahlbom A, Agahi N. Stable or improved health
status in the population 65 years and older in Stockholm, Sweden - an
8-year follow-up of self-reported health items. Scand J Public Health.
2016;44(5):480–9.
12. Santoni G, Angleman SB, Ek S, Heiland EG, Lagergren M, Fratiglioni L,
Welmer A-K. Temporal trends in impairments of physical function among
older adults during 2001-16 in Sweden: towards a healthier ageing. Age
Ageing. 2018;47(5):698–704.
13. Angleman SB, Santoni G, Von Strauss E, Fratiglioni L. Temporal trends of
functional dependence and survival among older adults from 1991 to 2010
in Sweden: toward a healthier aging. J Gerontol A Biol Sci Med Sci. 2015;
70(6):746–52.

Page 9 of 10

14. Allemani C, Matsuda T, Di Carlo V, Harewood R, Matz M, Nikšić M, Bonaventure
A, Valkov M, Johnson CJ, Estève J, et al. Global surveillance of trends in cancer
survival 2000–14 (CONCORD-3): analysis of individual records for 37 513 025
patients diagnosed with one of 18 cancers from 322 population-based
registries in 71 countries. Lancet. 2018;391(10125):1023–75.
15. Boysen G, Marott JL, Gronbaek M, Hassanpour H, Truelsen T. Long-term
survival after stroke: 30 years of follow-up in a cohort, the Copenhagen City
Heart Study. Neuroepidemiology. 2009;33(3):254–60.
16. De Angelis R, Sant M, Coleman MP, Francisci S, Baili P, Pierannunzio D,
Trama A, Visser O, Brenner H, Ardanaz E, et al. Cancer survival in Europe
1999–2007 by country and age: results of EUROCARE-5—a populationbased study. Lancet Oncol. 2014;15(1):23–34.
17. Johansson S, Rosengren A, Young K, et al. Mortality and morbidity trends after
the first year in survivors of acute myocardial infarction: a systematic review.
BMC Cardiovasc Disord. 2017;17:53. https://doi.org/10.1186/s12872-017-0482-9.
18. Schmidt M, Jacobsen JB, Lash TL, Botker HE, Sorensen HT. 25 year trends in
first time hospitalisation for acute myocardial infarction, subsequent short
and long term mortality, and the prognostic impact of sex and comorbidity:
a Danish nationwide cohort study. BMJ. 2012;344:e356.
19. Walters S, Maringe C, Butler J, Rachet B, Barrett-Lee P, Bergh J, Boyages J,
Christiansen P, Lee M, Wärnberg F, et al. Breast cancer survival and stage at
diagnosis in Australia, Canada, Denmark, Norway, Sweden and the UK, 20002007: a population-based study. Br J Cancer. 2013;108(5):1195–208.
20. Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS. Population trends
in the incidence and outcomes of acute myocardial infarction. N Engl J
Med. 2010;362(23):2155–65.
21. Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA, Carter A, Casey DC,
Charlson FJ, Chen AZ, Coates MM, et al. Global, regional, and national life
expectancy, all-cause mortality, and cause-specific mortality for 249 causes
of death, 1980–2015: a systematic analysis for the Global Burden of Disease
Study 2015. Lancet. 2016;388(10053):1459–544.
22. Muschik D, Tetzlaff J, Lange, K. et al. Change in life expectancy with type 2
diabetes: a study using claims data from lower Saxony, Germany. Popul
Health Metrics. 2017;15:5. https://doi.org/10.1186/s12963-017-0124-6.
23. Baade PD, Youlden DR, Andersson TM, Youl PH, Walpole ET, Kimlin MG, Aitken JF,
Biggar RJ. Temporal changes in loss of life expectancy due to cancer in Australia: a
flexible parametric approach. Cancer Causes Control. 2016;27(8):955–64.
24. OECD. Health at a Glance 2017: OECD indicators. Paris: OECD Publishing;
2017. https://doi.org/10.1787/health_glance-2017-en.
25. Sogaard M, Thomsen RW, Bossen KS, Sorensen HT, Norgaard M. The
impact of comorbidity on cancer survival: a review. Clin Epidemiol.
2013;5(Suppl 1):3–29.
26. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim J-L, Reuterwall C,
Heurgren M, Olausson P. External review and validation of the Swedish
national inpatient register. BMC Public Health. 2011;11(1):450.
27. Govatsmark RES, Janszky I, Slørdahl SA, Ebbing M, Wiseth R, Grenne B,
Bønaa KH. Completeness and correctness of acute myocardial infarction
diagnoses in a medical quality register and an administrative health register.
Scand J Caring Public Health. 2020;48(1):5–13. https://doi.org/10.1177/
1403494818803256.
28. Barlow L, Westergren K, Holmberg L, Talbäck M. The completeness of the
Swedish Cancer Register – a sample survey for year 1998. Acta Oncol. 2009;
48(1):27–33.
29. Brusselaers N, Lagergren J. The Charlson comorbidity index in registry-based
research. Methods Inf Med. 2017;56(5):401–6.
30. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined
comorbidity index. J Clin Epidemiol. 1994;47(11):1245–51.
31. Kaplan EL, Meier P. Nonparametric estimation from incomplete
observations. J Am Stat Assoc. 1958;53(282):457–81.
32. WHO. WHO methods for life expectancy and healthy life expectancy:
Geneva; 2014. Available at: https://www.who.int/healthinfo/statistics/LT_
method_1990_2012.pdf.
33. Gruenberg EM. The failures of success. Milbank Q. 1977;55(1):3–24.
34. Rosén M, Haglund B. From healthy survivors to sick survivors - implications
for the twenty-first century. Scand J Public Health. 2005;33(2):151–5.
35. Hallström B, Jönsson A-C, Nerbrand C, Norrving B, Lindgren A. Stroke
incidence and survival in the beginning of the 21st century in southern
Sweden. Stroke. 2008;39(1):10–5.
36. Jantzen C, Madsen CM, Lauritzen JB, Jørgensen HL. Temporal trends in hip
fracture incidence, mortality, and morbidity in Denmark from 1999 to 2012.
Acta Orthop. 2018;89(2):170–6.

Meyer et al. BMC Medicine

(2020) 18:41

37. Trevisan C, Gallinari G, Klumpp R, et al. Year to year comparison of 2000–
2015 in hip fracture management: same survival rate despite older and
more fragile patients. Aging Clin Exp Res. 2019;31:1097–1103. https://doi.
org/10.1007/s40520-018-1047-1.
38. Schmidt M, Jacobsen JB, Johnsen SP, Botker HE, Sorensen HT. Eighteen-year
trends in stroke mortality and the prognostic influence of comorbidity.
Neurology. 2014;82(4):340–50.
39. King DE, Xiang J, Pilkerton CS. Multimorbidity trends in United States adults,
1988-2014. J Am Board Fam Med. 2018;31(4):503–13.
40. Koné Pefoyo AJ, Bronskill SE, Gruneir A, et al. The increasing burden and
complexity of multimorbidity. BMC Public Health. 2015;15:415. https://doi.
org/10.1186/s12889-015-1733-2.
41. Tetzlaff J, Junius-Walker U, Muschik D, Epping J, Eberhard S, Geyer S.
Identifying time trends in multimorbidity—defining multimorbidity in times
of changing diagnostic practices. J Public Health. 2016;25(2):215–22.
42. Zarulli V, Barthold Jones JA, Oksuzyan A, Lindahl-Jacobsen R, Christensen K,
Vaupel JW. Women live longer than men even during severe famines and
epidemics. Proc Natl Acad Sci. 2018;115(4):E832–40.
43. Modig K, Talbäck M, Ziegler L, Ahlbom A. Temporal trends in incidence,
recurrence and prevalence of stroke in an era of ageing populations, a
longitudinal study of the total Swedish population. BMC Geriatr. 2019;19:31.
44. Modig K, Berglund A, Talbäck M, Ljung R, Ahlbom A. Estimating incidence
and prevalence from population registers: example from myocardial
infarction. Scand J Public Health. 2017;45(17_suppl):5–13.
45. Dowd JB, Hamoudi A. Is life expectancy really falling for groups of low
socio-economic status? Lagged selection bias and artefactual trends in
mortality. Int J Epidemiol. 2014;43(4):983–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

