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Abstract

Background: Stroke is a major cardiovascular disease. The last epidemiologic update of stroke events, mortality, and case fatalities (CF) in
Switzerland was performed in 2004. Between 2004 and 2017, traditional- and non-traditional cardiovascular risk factors changed, life expectancy
increased, stroke units were implemented, and stroke treatment standardized. Therefore, we present an update of Swiss stroke epidemiology.

Methods: Data were obtained from two databases, the Federal Hospital Discharge Statistics (HOST, n=1 470 259) and the Cause of Death
(CoD) database (n=66 971), to analyze stroke diagnoses coded according to 160-164 (ICD 10) in 2017 in Switzerland. Discharge- and event rates
for stroke, in- and out-of-hospital CF, and mortality were calculated.

Results: In 2017, there were 26 032 stroke discharges in Switzerland (45% women) compared to 13 996 discharges in 2004. The age-
standardized event rate per 100 000 increased in women/men from 119.7/178.7 in 2004 to 265.1/396.7 in 2017. However, the absolute number
of stroke deaths decreased between 2004 and 2017 from 3569 (60% women) to 2816 (59% women). The overall sex-stratified mortality rate
approximately halved between 2004 and 2017 in women (from 77.5 to 38.5/100 000) and men (from 56.1 to 27.2/100 000). The overall CF
halved between 2004 and 2017 from 22.7% to 10.5% and was higher in women (13.4%) compared to men (8.0%).

Conclusions: Compared to 2004, the rates of stroke events and discharges have increased in Switzerland. However, the overall CF rate and overall
sex-stratified mortality rate has approximately halved. This suggests, among other factors, increased recognition and better treatments for stroke.
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Key Messages

* This study aimed to unravel trends in stroke epidemiology in Switzerland between the last update (2004) and the following decade (until
2017) with implementation of nation-wide high-level stroke care, without other confounders such as the COVID-pandemic.

* The rates of diagnosed stroke events and discharges due to stroke have increased between 2004 and 2017; however, the overall case
fatality and mortality has approximately halved, and the absolute number of deaths due to stroke outside of hospitals is now a third of
what it was in 2004.

* This is a significant achievement supporting the established diagnostic and therapeutic approaches in Switzerland.

Background Between 2004 and 2017, life expectancy at birth increased

Stroke is a significant contributor to death and disability
[1,2]. In 2017, cardiovascular diseases were responsible for
31.4% of all deaths in Switzerland [1]. The latest epidemio-
logical analysis of stroke data in Switzerland dates back to
2004 and was published in 2009 [3]. However, since 2004,
life circumstances and stroke treatments have transformed in
Switzerland and worldwide.

from 83.7 to 85.4years for women and from 78.6 to
81.4 years for men in Switzerland [4]. Some attempts to im-
prove stroke prevention were very successful [5, 6]. However,
during the same time period, the prevalence of traditional-
and non-traditional cardiovascular risk factors (CVREF)
changed, with a rise and higher exposure of non-traditional
CVREF in women compared to men [6]. The overall increase
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in hypertension, obesity, hypercholesterolemia, and sleep dis-
orders in Switzerland between 2007 and 2017 could have a
direct impact on stroke incidence [6]. Another important as-
pect is the population’s increased awareness of stroke symp-
toms and stroke knowledge [7, 8]. Based on other stroke
prevention campaigns, we expect similar trends; however,
data on stroke awareness in the Swiss population are not yet
available [9, 10]. Furthermore, stroke units were established,
and telestroke networks created, resulting in lower in-
hospital, 30-day, and 1-year mortality rates in those treated
at certified hospitals [11-13]. In Switzerland, most patients
receive specialized care on stroke units or stroke centers,
which are certified according to current European standards
[14, 15]. Quality control mechanisms and their respective
audits were implemented and the stroke treatment chain was
standardized. This study aimed at unraveling trends in stroke
epidemiology in Switzerland between 2004 and 2017, the pe-
riod of implementation of nation-wide high-level stroke care,
without other confounders such as the COVID-pandemic.

Methods
Data sources

We conducted a retrospective study using data from the
Federal Statistical Office (FSO) in Switzerland. Two different
databases were used for the period 1 January to 31 December
2017: (1) Federal Hospital Discharge Statistics database
(HOST) and (2) Cause of Death (CoD) statistics [16, 17]. In
2017, all hospitalizations in Swiss hospitals were coded in the
HOST database. Each entry in the database represents a sin-
gle hospitalization, allowing for multiple entries from the
same patient. The CoD was recorded in accordance with
WHO guidelines in the CoD database [18]. The civil registry
offices receive and record all data related to mortality. This
information is then centrally coded in the FSO’s CoD data-
base. Linking both databases to determine stroke events is
right now not possible due to Switzerland’s data protection
laws. The data were coded according to the International
Classification of Disease, Version 10, revision 2016 (ICD-10)
[18]. The discharge diagnoses (principal diagnosis or/and one
of the second to fifth diagnosis position) included ICD-codes
referring to an acute onset stroke like subarachnoid hemor-
rhage (160), intracerebral hemorrhage (I61), other non-
traumatic intracranial hemorrhage (162), cerebral infarct
(I63), and stroke non-specified as hemorrhage or infarct
(I64). ICD-codes including entities with relation to strokes as
an underlying etiology or result of strokes, but not acute
stroke events per se, were excluded (165-169) [3, 19]. Since is-
chemic strokes and hemorrhagic strokes might have a differ-
ent outcome, we performed a subanalysis comparing
discharge- and mortality rates of ischemic strokes (163) with
hemorrhagic strokes (160, 161, 162), referring to the analysis
of Ananth et al. [20]. See the supplementary material for the
detailed methodological approach.

Data preparation and calculations

To allow comparability, we used the same data preparation
approach as Meyer et al. [3]. The different cases are shown in
the supplementary material. The Swiss Census population
dataset was re-stratified based on the age groups recom-
mended by EUROCISS for both sexes [21]. Similarly, the
European standard population dataset was also re-stratified

Hansel et al.

to match the recommended age groups. The resulting datasets
were normalized to a population of 100 000.

The following calculations were made and are detailed in
the supplementary material: (1) age- and sex-specific dis-
charge rates, (2) age- and sex-specific event rates of stroke,
(3) age- and sex-specific mortality rates, (4) overall case fatal-
ity (CF), (5) in-hospital CF, (6) out-of-hospital CF, and (7)
percentage of out-of-hospital deaths among total deaths.

The supplementary material includes additional formulas
for standardized rates adjusted to the European standard
population, overall and stratified by sex. Wilson 95% confi-
dence intervals based on the Poisson distribution were used
for rates, and 95% Clopper—Pearson confidence intervals for
a proportion based on the binomial distribution were used
for the CF [22, 23]. The use of Clopper—Pearson confidence
intervals is generally regarded as more conservative but
ensures that the nominal coverage probability is at least 0.95
[24]. We did not use P-values for comparing findings at dif-
ferent times, as we were not testing hypotheses, but rather fo-
cused on describing stroke cases and trends [3]. The analyses
were conducted using the R programming language [25].
Analysis-specific packages can be found in the supplemen-
tary material.

Results

Absolute numbers of hospital discharges and
deaths from stroke (HOST + CoD)

Switzerland registered a total of 1 470 259 hospitalizations.
According to the HOST database, there were 26 032 total
stroke discharges, with 11 744 (45%) women and 14 288
(55%) men (Fig. 1). Totally, 5890 patients with the diagnosis
stroke were discharged two or more times (44% women,
56% men). The CoD database reported 2816 deaths due to
stroke, 1660 (59%) of them women and 1156 (41%) men.

Hospital discharge rate from stroke (HOST)

For both sexes, hospital discharge rates increased with age
(Table 1). Between 15 and 34 years of age, women had mini-
mally higher rates of hospital discharge due to stroke com-
pared to men, but between 35 and 85+ years, men had
higher stroke discharge rates (Fig. 2). Overall, the age-
standardized discharge rate was 315.0/100 000 (men: 389.6/
100 000, 95% CI 353.2-430.7; women: 253.7/100 000,
95% CI224.6-287.2).

Estimated stroke events and stroke event rate
(HOST + CoD)

The overall number of estimated stroke events, adjusted to
the Swiss Census population, was 26 879, with 12 393
(46 %) occurring in women and 14 486 (54%) in men. The
overall sex-stratified event rate was 314.0/100 000 (287.8/
100 000 in women and 340.5/100 000 in men), with the
event rate increasing with age. Women aged 15-34 had a
slightly higher event rate compared to men, while men aged
35-85+ had a notably higher event rate compared to women
(Supplementary Table S1). The age-standardized event rate
was 325.0/100 000 (women: 265.1/100 000, 95% CI 235-
298.9; men: 396.7/100 000, 95% CI 359.8-438.0).

Stroke mortality rate (CoD)

Mortality increased exponentially in both groups with age
and was always higher in men aged 35-84 compared to
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Federal Hospital Discharge Statistics (HOST)

Cause of Death (CoD) (2017)

Absolute numbers of hospital discharges:

Absolute numbers of deaths:

1470 259
66 971

/Included diagnosis (ICD-10):

+ cerebral infarct (163)

» subarachnoid haemorrhage (160)
* intracerebral haemorrhage (161)
 other non-traumatic intracranial haemorrhage (162)

\- stroke not specific as haemorrhage or infarct (164) /

Absolute numbers of:

Hospital discharges:
Death from stroke:

26 032
2816

Figure 1. Flowchart of inclusion criteria and patient selection (Switzerland, 2017). ICD10: International Statistical Classification of Diseases and Related

Health Problems, 10th Revision.

Table 1. Age- and sex-specific absolute number of stroke discharges and discharge rates per 100 000 population in 2017

Women Men
Age groups (yr) No. of cases Population Rate 95% CI No. of cases Population Rate 95% CI
<5 15 212201 7.1 4.3-11.7 24 224251 10.7 7.2-15.9
5-14 11 407 737 2.7 1.5-4.8 19 430 248 4.4 2.8-6.9
15-24 74 452981 16.3 13-20.5 50 482 720 10.4 7.9-13.7
25-34 161 589331 27.3 23.4-31.9 156 608 235 25.6 21.9-30
35-44 286 590 881 48.4 43.1-54.3 400 606 692 65.9 59.8-72.7
45-54 747 649 861 114.9 107-123.5 1231 666 860 184.6 174.6-195.2
55-64 1213 541522 224.0 211.7-237 2410 545 684 441.6 424.4-459.6
65-74 2330 428 534 543.7 522.1-566.2 3528 393770 896.0 866.9-926
75-84 3881 288463 1345.4 1303.7-1388.4 4346 223016 1948.7 1891.7-2007.5
85+ 3026 144 594 2092.8 2019.5-2168.7 2124 72 570 2926.8 2805-3054
All 11 744 4306 105 272.7 267.8-277.7 14 288 4254 046 335.9 330.4-341.4
ASR 253.7 224.6-287.2 389.6 353.2-430.7

All: overall sex-stratified rates; ASR: age-standardized rates adjusted-the European standard population; CI: confidence interval; yr: years.

women (Fig. 3). However, women older than 85 years had a
higher mortality rate (715.8/100 000) compared to men
(661.4/100 000) (Table 2). The overall sex stratified mortal-
ity rate was different in women (38.5/100 000, 95% CI 36.7-
40.4) compared with men (27.2/100 000, 95% CI 25.7-
28.8). The overall age-standardized mortality rate was 33.7/
100 000 (32.2/100 000 in women, 35.1/100 000 in men).

CF from stroke (HOST + CoD)

The overall CF from stroke was 10.5% (women: 13.4%, CI
12.8-14.0 and men: 8.0%, CI 7.5-8.4) (Table 3). Women

also had higher in-hospital CF than men (8.2%, 95% CI 7.7-
8.7 vs. 6.6%, 95% CI 6.2-7.1) (Fig. 4). The out-of-hospital
CF was lower in both sexes (3.2%, CI 2.9-3.4) compared to
2004 (11.0%, CI 10.5-11.6), and higher in women (5.2%,
CI 4.9-5.6) than in men (1.4%, CI 1.2-1.6).

Percentage of out-of-hospital death from stroke
(HOST + CoD)

Out of the total deaths from stroke, 30.1% occurred outside
the hospital, with 847 patients passing away (77% women
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Figure 2. Age- and sex-specific hospital discharge rates and event rates from stroke per 100 000 population (Switzerland, 2017). The graph shows the
age-specific discharge rates and event rates for women and men in 2004 (gray) and 2017 (blue). The age-specific event rates are presented as dots for

2004 (gray) and 2017 (blue).
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Figure 3. Sex-stratified mortality rates from stroke per 100 000 population (Switzerland, 2017). The graph depicts sex-stratified mortality rates from

stroke in 2017 (blue) in comparison to 2004 (gray) for women and men.

and 23% men). The remaining 1969 patients (51% women
and 49% men) died inside the hospital.

Conclusions

Our epidemiological update on stroke has revealed the fol-
lowing key findings:

1) The overall number of diagnosed stroke events in
Switzerland increased by +71% from 15 733 to 26 879
cases (46 % women) since 2004.

2)

3)

4)

There were 26 032 stroke discharges in Switzerland
(45% women, 55% men) in 2017. This is a +86% in-
crease compared to 2004 (13 996 discharges).

The absolute number of stroke deaths (2816 deaths,
59% women) decreased by approximately —21% com-
pared to 2004 (3568 deaths).

The overall sex-stratified mortality rate approximately
halved in women (from 77.5 to 38.5/100 000) and men
(from 56.1 to 27.2/100 000) between 2004 and 2017 and
was higher in men compared to women in the age group
35-84, but higher in women from 85 years onward.
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Table 2. Age- and sex-specific absolute number of deaths due to stroke, and stroke mortality rates per 100 000 population in 2017

‘Women Men
Age groups (yr) No. of deaths Population Rate 95% CI No. of deaths Population Rate 95% CI
<$ 1 212201 0.5 0.1-2.7 1 224 251 0.4 0.1-2.5
5-14 0 407 737 0.0 0-0.9 0 430 248 0.0 0-0.9
15-24 1 452 981 0.2 0-1.3 1 482720 0.2 0-1.2
25-34 4 589331 0.7 0.3-1.7 1 608 235 0.2 0-0.9
35-44 8 590 881 1.4 0.7-2.7 12 606 692 2.0 1.1-3.5
45-54 15 649 861 2.3 1.4-3.8 30 666 860 4.5 3.2-6.4
55-64 40 541 522 7.4 5.4-10.1 60 545 684 11.0 8.5-14.2
65-74 114 428 534 26.6 22.1-32 162 393770 41.1 35.3-48
75-84 442 288 463 153.2 139.6-168.2 409 223016 183.4 166.5-202.1
85+ 1035 144 594 715.8 673.5-760.8 480 72 570 661.4 604.8-723.3
All 1660 4306 105 38.5 36.7-40.4 1156 4254 046 27.2 25.7-28.8
ASR 32.2 22.7-45.2 351 25.2-48.7

All: overall sex-stratified rates; ASR: age-standardized rates adjusted-the European standard population; CI: confidence interval; yr: years.

Table 3. Overall case fatality, in-hospital case fatality, and out-of-hospital
case fatality in 2017

Women Men Total
95% CI 95% CI 95% CI
Overall CF (%) 13.4 12.8-14 8.0 7.5-8.4 10.5 10.1-10.8
In-hospital CF (%) 8.2 7.7-8.7 6.6 6.2-7 7.3 7-7.6
Out-of-hospital 52 49-56 14 1.2-1.6 3.2 29-34
CF (%)

CF: case fatality; CI: confidence interval.

5) The overall CF halved from 22.7% (2004) to 10.5%
(2017) and was higher in women (13.4%, CI 12.8-14.0)
compared to men (8.0%, CI 7.5-8.4).

6) The out-of-hospital deaths due to stroke accounted for
30.1% of all deaths (77% women, 23% men) in 2017
and was lower than in 2004 (48.7%).

Hospital discharge rates and event rates suggest
more stroke diagnoses in 2017

Unfortunately, using the HOST and CoD databases, which
does not differentiate between first-ever and recurrent stroke
events, it is impossible to derive the true incidence rates of
stroke events in Switzerland and compare them with other
countries. The higher event and hospital discharge rates for
stroke in Switzerland 2017 compared to 2004 could reflect a
true increase in stroke incidence. In line with this, the overall
increase in hypertension, obesity, hypercholesterolemia, and
sleep disorders in Switzerland between 2007 and 2017 may
support these findings [6]. However, the higher number of
hospital discharges with a diagnosis of “stroke” is more likely
due to the systemic assessment of diagnoses after implemen-
tation of the Diagnosis-Related Groups system (DRG-system)
as a reimbursement tool in Switzerland in 2012. Similar
effects on the number of patients discharged with the diagno-
sis “stroke” were seen in the USA and in Poland after the in-
troduction of the DRG-system [26, 27]. It is likely that the
introduction of DRGs led to a shift toward more accurate
and specific discharge coding [28, 29]. Besides, better aware-
ness of stroke symptoms and improved availability of diag-
nostics tools and treatments are likely adding to the increased
hospital discharge rates of patients with a stroke diagnosis [35,
7, 8, 11-13, 30-32]. Minor additional contributors between
2005 and 2017 could be the overall increase in population
from 7.46 to 8.48 million people, a higher median age (42.45

vs 40.10years), and the rise in the percentage of non-Swiss
citizens from 20.7% to 25.1%, including a higher percentage
of different ethnicities [33, 34]. The Global Burden of
Disease (GBD)-Study reported similar results with a 70% in-
crease in the absolute number of strokes between 1990 and
2019 [35]. However, the GBD-Study also found a 17% re-
duction in the age-standardized incidence rate of stroke. This
goes in line with The Greater Cincinnati/Northern Kentucky
Stroke Study (GCNKSS), which reported a decrease in overall
stroke incidence for both sexes from the early 1990s to 2015
[36]. Stroke databases in Europe such as the Swedish Stroke
Registry found a reduction in all ischemic strokes from 290/
100 000 in 2010 to 228/100 000 in 2019 [37]. Therefore,
our data from Switzerland are in line with global and
European trends regarding better recognition and diagnosis
of stroke, reflected in an increased count of absolute stroke
event rates.

Mortality rate and CFs from stroke decreased

It is a positive development that the absolute number of
stroke deaths in 2017 (#=2816) was approximately 21%
lower than in 2004 (n=3568). Between 2004 and 2017, the
sex-stratified mortality rate decreased from 77.5 to 38.5/
100 000 for women and from 56.1 to 27.2/100 000 for men.
Improved stroke prevention and awareness of stroke symp-
toms, as well as better treatment options, may play a key role
in lower number of stroke deaths and lower mortality rates in
2017 [5-8, 30-32]. Others like the GBD-Study 2020 (data
from 2010 to 2020) and data from the USA (from 2000 to
2015) also reported a decrease in the age-standardized mor-
tality rate [38, 39]. Unfortunately, a comparison of trends in
the mortality rates between ischemic vs. hemorrhagic strokes
from 2004 to 2017 cannot be made from our subanalysis,
due to the lack of the original 2004 data. Others have shown
a trend toward a steeper decline in the mortality rate for is-
chemic compared to hemorrhagic strokes between 1975 and
2019 in the USA of people aged 18-84 years [20]. However,
more men died due to hemorrhagic strokes compared to is-
chemic strokes in Switzerland (supplementary material,
results). These results indicate that special emphasis should
be placed on patients with hemorrhagic stroke in order to re-
duce the absolute number of deaths and improve outcome.
For all stroke deaths combined, our study found that the pro-
portion of women dying was 44 % higher than in men. These
data are supported by numbers from the USA, where about
41% more women (n=81 617) died from stroke in 2015
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Figure 4. Case fatalities from stroke across both sexes (Switzerland, 2017). The graph shows the overall, in-hospital, and out-of-hospital case fatalities
from stroke in 2017 (blue) compared to 2004 (gray), with percentages for women and men.

compared to men (=357 750) [40]. The higher mortality
rate of female stroke patients, especially those aged 85 years
or older, is likely due to their older age at stroke onset, higher
stroke severity, poorer pre-stroke function, and higher preva-
lence of comorbidities, such as atrial fibrillation [41-43]. In
addition, more women died due to stroke after age 85 (1035
women vs. 480 men) and more men died before age 85 (676
men vs. 625 women), leading to a higher mortality rate at age
85 or older in women. Between 2004 and 2017, however,
there was a distinct decrease in the overall CF for both
women and men. The CF percentage of women decreased
from 26.9% to 13.4% (95% CI 12.8-14), while the percent-
age of men decreased from 18.3% to 7.5% (95% CI 7.5-
8.4). The out-of-hospital CF was strikingly lower in 2017, de-
creasing from 11.0% in 2004 to 3.2%. The difference be-
tween 2004 and 2017 may be because the total proportion of
people dying due to stroke decreased by approximately
—-21%, and the fraction of in-hospital survivors and stroke
discharges increased about +86%. In line with our results,
the CF in the GCNKSS data declined from 1993/1994 to
2015, with women showing a higher CF (12.8%, 95% CI
10.5-15.6) than men (9.2%, 95% CI 7.3-11.6) [36]. In
2004, 48.7% of all stroke-related deaths occurred outside of
the hospital, while in 2017, this figure decreased to 30.1%.
Here, too, women died 3.3 times more often outside the hos-
pital compared to men. Nonetheless, it is important to appre-
ciate the notable reduction in out-of-hospital deaths over this
time in Switzerland.

Strengths and limitations

The study’s strength lies in the annual collection of data using
the same, standardized methodology since the early 1990s,
ensuring optimal reproducibility of the data. Another
strength of this study is the same data preparation approach
as Meyer et al. [3], allowing for direct comparability of

results from 2004 to 2017. However, the lack of linkage be-
tween the HOST and CoD databases is a major limitation.
Consequently, it is not possible to calculate incidence rates of
first stroke or to distinguish between first stroke and recur-
rent stroke. A further limitation is that because we included
the principal diagnosis and/or second to fifth diagnosis posi-
tion for stroke, we cannot differentiate, whether the patient
died because of stroke (principal diagnosis) or died with
stroke (another principal diagnosis and stroke as second to
fifth diagnosis position). Therefore, we expect a slight overes-
timation of total CF and the in-hospital CF, as the number of
in-hospital survivors is likely to be too small and the number
of in-hospital deaths is likely to be too large. Another minor
limitation is that only the first six diagnoses were included,
which may result in a potential lack of detection of stroke
cases. However, our experience shows that a new stroke diag-
nosis on the sixth or higher position is quite very rare. The
exclusion of the ICD-codes [65-69 could lead to an underesti-
mation of stroke rates. Since these diagnosis codes focus on
non-acute conditions with relation to stroke, but not to acute
stroke events, we believe that bias due to this limitation is
rather small. There are no validation studies for the correct-
ness of diagnoses in Switzerland. However, each diagnosis in
Switzerland is not only generated by the physician, but also
controlled by the medical encoding department in each hospi-
tal due to high cost pressure to ensure the correct diagnosis.
Similarly, excluding ICD-codes 165-69 provides the best com-
parability with previous data in Switzerland. However, com-
parisons with other studies that used a different definition
(including 165-169) should be made with caution. When de-
scribing the results regarding sex differences, it is important
to remember that our study reports a 1-year observation, and
therefore, small differences, such as discharge and event rates
in young groups, must be interpreted with caution. To ensure
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the best comparability with Meyer et al. [3], we also excluded
transient ischemic attacks with the diagnosis code G45.

Conclusion

The data presented here offer new insights into current trends
in stroke epidemiology in Switzerland. The rates of stroke
events and discharges have increased compared to 2004,
most likely reflecting increased awareness of stroke symp-
toms among the population and improved, more accessible
medical infrastructures. At the same time, the overall CF and
mortality has approximately halved, and the absolute num-
ber of deaths due to stroke outside of hospitals is now a third
of what it was in 2004. This is a significant achievement for
the established diagnostic and therapeutic approaches in
Switzerland. Based on similar findings in other countries,
stroke clinicians, researchers, and partner disciplines are on
the right track to reduce stroke mortality and CF as one of
the leading causes of death in industrial countries [36-38].
Further investigation into the optimization and homogeniza-
tion of stroke data, particularly in linking the HOST and
CoD databases to calculate stroke incidence in Switzerland, is
recommended.
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