
Original Contributions

Incidence of Stroke in Europe at the Beginning of the
21st Century

The European Registers of Stroke (EROS) Investigators*

Background and Purpose—Comparable data on stroke incidence across European countries are lacking because previous
studies have used different methods of case ascertainment, different periods of observation, and different age restrictions.

Methods—Population-based stroke registers were established in 6 European countries: France (Dijon); Italy (Sesto
Fiorentino); Lithuania (Kaunas); the United Kingdom (London); Spain (Menorca); and Poland (Warsaw). Standardized
criteria were used among these register including overlapping sources of notification. Overall, a source population of
1 087 048 inhabitants was observed, ranging from 47 236 in Sesto Fiorentino to 365 191 in Kaunas. All patients with
first-ever stroke of all age groups from the source populations were included. Data collection took part between 2004
and 2006; 4 centers collected data for a 24-month and 2 for a 12-month time period. Crude annual incidence rates were
age-adjusted to the European population.

Results—A total of 2129 patients with first stroke were registered. Median age was 73 years and 51% were female. Annual
stroke incidence adjusted to the European population was found in men to be higher in Kaunas and lower in Sesto Fiorentino
and Menorca and in women to be higher in Kaunas and Warsaw and lower in Sesto Fiorentino and Menorca compared with
mean incidence rates. Total stroke incidence ranged in men from 101.2 per 100 000 (95% CI, 82.5 to 123.0) in Sesto
Fiorentino to 239.3 per 100 000 (95% CI, 209.9 to 271.6) in Kaunas and in women from 63.0 per 100 000 (95% CI, 48.5 to
80.7) in Sesto Fiorentino to 158.7 per 100 000 (95% CI, 135.0 to 185.4) in Kaunas. Differences in prior-to-stroke risk factors
were found among the populations with prevalence of hypertension highest in Warsaw and Kaunas (76% and 67%,
respectively) and lowest in Menorca and Sesto Fiorentino (54% and 62%, respectively).

Conclusions—The risk of stroke among European populations in our study varied more than 2-fold in men and women.
On average, higher rates of stroke were observed in eastern and lower rates in southern European countries. (Stroke.
2009;40:1557-1563.)
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Geographic comparisons of stroke incidence within coun-
tries and between countries are valuable for identifying

high-risk populations and for generating new hypotheses for
defining preventive interventions.1,2 Population-based stroke
registers are perceived as the gold standard for measuring
stroke incidence in the population.3,4 However, comparability
of data on stroke incidence based on previous population-
based registers in Europe is limited for several reasons.
Population-based registers need to demonstrate adherence to
standardized criteria for producing comparable results.5,6

Thus, comparability of results with previous studies might be
hampered by several methodological differences in data
collection.1 In addition, the incidence of stroke shows sub-
stantial variations over time with decline in stroke incidence
until the early 1980s, a stabilization or an increase in stroke
incidence in the late 1980s and early 1990s,4 and few studies
on trends in incidence since the beginning of the 21st century

with conflicting results.7–11 Thus, comparing studies with differ-
ent periods of observation might limit the comparability of their
findings. Finally, some previously published population-based
stroke registers also defined upper age restrictions for their
source population such as an age limit of 65 years in the World
Health Organization (WHO) Multinational MONItoring of
trends and determinants in CArdiovascular disease (MONICA)
Project.12 Thus, it might be difficult to estimate the true impact
of stroke for the whole population.

Therefore, we have set up population-based stroke regis-
ters, without age restriction, using uniform standardized
criteria and over a similar period of observation to compare
stroke incidence across different European populations.

Methods
Population-based stroke registers were established in 6 European
countries representing populations in central (France), southern
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(Italy, Spain), and eastern Europe (Lithuania, Poland) and the United
Kingdom. Centers within different countries were selected based on
previous experience in running population-based or hospital-based
stroke registers. In Kaunas, Lithuania,13 Dijon, France,7 London,
UK,11 and Warsaw, Poland,14 well-established population-based
stroke registers have been running since 1986, 1982, 1995, and 1991,
respectively. In Menorca, Spain, and Sesto Fiorentino, Italy, hospital-
based stroke registers were initiated for 2 previous European Union
Biomedicine and Health Programme (BIOMED) II Projects starting
from 199315,16 and for this study, population-based registers were
established in both centers. Patients with first-ever stroke of all age
groups from the source populations of the respective centers
were included.

Study Populations
The source populations in the respective centers were estimated
based on available census figure for the 2 most recent censuses by
assuming a linear trend. The size of the source populations was
estimated for the midpoint of the study period (2005) where possible.
In centers where no census data at 2 time points were available, the
most recent official statistics were used (eg, single time census). In
one center (Sesto Fiorentino), data from the constantly updated
official population register were used based on the 2001 census. An
overview of the methods used for estimating the source populations
and about the size of the estimated source populations in the different
centers is provided in Table 1. Overall, a source population of
1 087 048 inhabitants was observed, ranging from 47 236 in Sesto
Fiorentino to 365 191 in Kaunas. Data collection took place at least
over a 12-month time period. An extension of the data collection
period for another 12 months was voluntary for all centers but
compulsory for centers with an estimated source population of
�100 000 inhabitants to ensure sufficient power for analyzing stroke
incidence in different age groups.6 Data collection started in Dijon,
London, and Menorca in May 2004; in Kaunas and Sesto Fiorentino
in June 2004; and in Warsaw in January 2005 (Table 1). In Menorca,
data on incidence of stroke subtypes were collected over a 24-month
time period, but information on risk factors and health services use
was only available for the first 12 months.

Case Ascertainment
Methods of case ascertainment were standardized across centers.
Standardized criteria for ensuring completeness of cases ascertain-
ment were applied, including multiple overlapping sources of infor-
mation.6 Patients admitted to hospitals after the acute stroke event
were identified by screening of all acute hospitals serving for the
source population, including reviews of acute wards by the study
team, checks of brain imaging referrals, and reviews of hospital
discharge registers. Patients not admitted to a hospital were identi-
fied by a regular screening of all primary care facilities in the study
area (eg, general practitioners and outpatient clinics). In addition,

nursing homes and community therapists in the study area were
contacted and death certificates were checked regularly.

All patients with the diagnosis suspected of stroke documented in
one of these sources of notification were investigated for eligibility
of study inclusion. Standardized protocols for case ascertainment
were provided and adapted according to the local center’s need.
External site visits by a multidisciplinary team from other centers
were performed to ensure adherence of the centers to the defined
protocols and standards.

Data Collection
A specially trained study nurse and/or specially trained fieldworkers
collected data within the centers. The coordinating center in London
provided regular training of fieldworkers in the participating centers
to ensure reliable data collection. All participating centers met
regularly at least once a year to discuss problems occurring during
data collection. Continuous e-mail support by the coordinating center
in London was offered to all participants. The questionnaires and the
variable definitions used were developed within the European
BIOMED program and updated for the current project.16 A common
data collection tool was provided for all centers developed by the
data center at the National Public Health Institute, Helsinki, Finland.

Stroke was defined according to the WHO definition.17 Stroke was
classified into cerebral infarction (CI), primary intracerebral hemor-
rhage (PICH), and subarachnoid hemorrhage (SAH) based on results
from at least one of the following diagnostic means: brain imaging
performed within 30 days of stroke onset (CT or MRI), cerebrospinal
fluid analysis (in all living cases of SAH in which brain imaging was
not diagnostic), or necropsy examination. Cases without pathological
confirmation of stroke subtype were classified as undefined. Data
were collected on prior-to-stroke risk factors from the patient/family,
general practitioner notes, and hospital records. Definitions and
guidance for collecting information on history of specific risk factors
or medical conditions was provided to all centers in a detailed
manual. The information included hypertension (recorded history of
hypertension prestroke [�140 mm Hg systolic or �90 mm Hg
diastolic] or on antihypertensive medications); diabetes mellitus
(recorded history of diabetes prestroke or on diabetic medication);
atrial fibrillation (recorded history of atrial fibrillation); myocardial
infarction (recorded history of myocardial infarction prestroke);
smoking prestroke (nonsmokers and exsmokers versus current smok-
ers); transient ischemic attack (recorded history of transient ischemic
attack prestroke).

Statistical Analyses
The t test was used to test differences in continuous variables and the
�2 test was used for differences in proportions. Crude incidence rates
were calculated for age group, sex, and pathological stroke subtypes
for each center; total and stroke subtype incidence rates were
age-adjusted to the standard European population18 and presented for

Table 1. Extrapolation of the Source Population

Centre Start of Study End of Study Available Population Figures Extrapolation Method
Estimated Source
Population 2005

Dijon May 2004 April 2006 Census 1990 and 1999 Linear extrapolation for
2005

152 415

Sesto Fiorentino (northwest
of Florence, Tuscany)

June 2004 May 2006 Official population register for
2005

None 47 236

Kaunas June 2004 May 2005 Census 1989 and 2001 Linear extrapolation for
2005

365 191

London May 2004 April 2006 Census 1991 and 2001 Linear extrapolation for
2005

326 885

Menorca May 2004 April 2006 Census 1996 and 2001 Linear extrapolation for
2005

75 135

Warsaw January 2005 December 2005 Census 2002 None 120 186

Total 1 087 048
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sex and center. Age-specific rates were calculated for 7 age groups
in 10-year time intervals starting from 0 to 24 years up to �75 years.
The latter age category was chosen as highest age group because data
on older age groups were not available for all source populations.
Mean European incidence rates were calculated as arithmetic mean
of the center specific age-adjusted incidence rates as the source
populations varies substantially between the centers. CIs for the
incidence rate estimates were calculated using the Poisson
distribution.19

Differences in sociodemographics, prior-to-stroke risk factors, and
stroke subtypes among the centers were adjusted for variations in age
and sex among the centers, as appropriate, by multivariable logistic
regression and the probability value for the center effect was
reported. Analyses were restricted to patients without missing values.
For the incidence analyses, only one patient with unknown age from
Kaunas was excluded; missing information for prior-to-stroke risk
factors ranged from 5.3% for hypertension to 14.5% for smoking
status. Statistical analyses were performed with SAS software,
Version 9.1 (SAS Institute Inc, Cary, NC).

Ethics
Ethical approval for the study was obtained by the participating
registers from their respective local ethic committee subject to
local guidelines.

Results
A total of 2129 patients with first-ever stroke was included in
the study. Overall, median age was 73 years (interquartile
range, 62 to 81) and 1088 (51.1%) were female; 2013

(94.6%) of the patients were admitted to a hospital. The
distribution of pathological subtypes was as follows: CI, 1739
(81.7%); PICH, 264 (12.4%); SAH, 62 (2.9%); and unde-
fined, 64 (3.0%). Differences in sociodemographics, pre-
stroke risk factors, and stroke subtypes among the centers are
presented in Table 2. Significant variations across the centers
were found for age, sex, proportions of patients admitted to a
hospital, prevalence of prior-to-stroke risk factors, except
history of previous transient ischemic attack, and distribution
of pathological stroke subtypes (Table 2).

Differences in Stroke Incidence Among
European Countries
Annual stroke incidence rates per 100 000 adjusted to the
European population were for all centers 141.3 (95% CI,
118.9 to 166.6) in men and 94.6 (95% CI, 76.5 to 115.7) in
women; for ischemic stroke, 114.7 (95% CI, 94.7 to 137.7) in
men and 74.9 (95% CI, 58.9 to 93.9) in women; for PICH,
16.9 (95% CI, 9.8 to 27.1) in men and 12.4 (95% CI, 6.5 to
21.4) in women; for SAH, 4.8 (95% CI, 1.5 to 11.4) in men
and 3.3 (95% CI, 0.7 to 9.2) in women; and for undefined, 4.9
(95% CI, 1.5 to 11.5) in men and 4.0 (95% CI, 1.1 to 10.2) in
women.

Total and stroke subtype age-adjusted incidence rates in
the different centers are presented in Table 3. Total stroke

Table 2. Differences in Sociodemographic Characteristics, Stroke Subtypes, and Vascular Risk Factors Among Centers*

Total Dijon Sesto Fiorentino Kaunas London Menorca Warsaw P†

n 2129 386 161 816 460 171 135

Age, years

Mean (SD) 70.7 (13.8) 73.2 (13.8) 75.9 (11.9) 69.9 (12.8) 68.2 (15.3) 72.2 (14.1) 69.0 (13.9)

Median (IQR) 73 (62–81) 76.5 (66–82) 78 (69–84) 72 (62–79) 70 (60–79) 76 (63–83) 71 (58–81)

Age group, years, n (%) 0.0047

�65 633 (29.8) 86 (22.3) 27 (16.8) 252 (30.9) 162 (35.2) 50 (29.2) 56 (41.5)

65–74 507 (23.8) 77 (20.0) 35 (21.7) 228 (28.0) 119 (25.9) 27 (15.8) 21 (15.6)

75–84 700 (32.9) 159 (41.2) 65 (40.4) 250 (30.7) 119 (25.9) 66 (38.6) 41 (30.4)

85� 288 (13.5) 64 (16.6) 34 (21.1) 85 (10.4) 60 (13.0) 28 (16.4) 17 (12.6)

Female sex, n (%) 1088 (51.1) 197 (51.0) 81 (50.3) 461 (56.5) 207 (45.0) 74 (43.3) 68 (50.4) 0.0002

Admission to hospital, n (%) 2013 (94.6) 365 (94.6) 149 (92.6) 789 (96.7) 429 (93.3) 150 (87.7) 131 (97.0) 0.0001

Prestroke risk factors, n (%)‡

Hypertension 1329 (66.0) 249 (65.2) 100 (62.1) 542 (67.3) 297 (64.7) 41 (54.0) 100 (75.8) 0.0025

Diabetes mellitus 320 (15.9) 63 (16.5) 32 (19.9) 102 (12.7) 96 (21.2) 13 (17.1) 14 (10.7) 0.0017

Atrial fibrillation 427 (21.2) 81 (21.2) 30 (18.6) 204 (25.4) 69 (15.0) 10 (13.2) 33 (25.0) �0.0001

Current smokers 396 (21.7) 78 (25.1) 20 (12.5) 108 (14.4) 139 (33.1) 13 (19.7) 38 (31.9) �0.0001

Myocardial infarction 250 (12.4) 50 (13.1) 23 (14.3) 115 (14.3) 40 (8.7) 7 (9.3) 15 (11.4) 0.0492

Previous transient
ischemic attack

220 (11.1) 53 (14.1) 22 (13.7) 75 (9.3) 56 (12.2) 4 (6.9) 10 (7.7) 0.14

Stroke subtype, n (%) �0.0001

Ischemic stroke 1739 (81.7) 340 (88.1) 118 (73.3) 700 (85.8) 364 (79.1) 108 (63.2) 109 (80.7)

Intracerebral hemorrhage 264 (12.4) 28 (7.3) 27 (16.8) 92 (11.3) 65 (14.1) 43 (25.2) 9 (6.7)

SAH 62 (2.9) 2 (0.5) 3 (1.9) 20 (2.5) 22 (4.8) 7 (4.1) 8 (5.9)

Unclassified/unknown 64 (3.0) 16 (4.2) 13 (8.1) 4 (0.5) 9 (2.0) 13 (7.6) 9 (6.7)

*Patients with missing values in the respective variable were excluded.
†P value for differences among the centers adjusted for age and sex as appropriate by logistic regression.
‡In Menorca, data on risk factors were collected only for the first year.
IQR indicates interquartile range.
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incidence ranged in men from 101.2 (95% CI, 82.5 to 123.0)
in Sesto Fiorentino to 239.3 (95% CI, 209.9 to 271.6) in
Kaunas and in women from 63.0 (95% CI, 48.5 to 80.7) in
Sesto Fiorentino to 158.7 (95% CI, 135.0 to 185.4) in Kaunas.
Age-adjusted incidence rates were higher for men than
women for total stroke and stroke subtypes except for PICH
in Dijon and for SAH in Sesto Fiorentino. Total incidence
rates increased with age in all centers for men and women.
Compared with the mean adjusted annual incidence rate for
all centers, total stroke incidence in men was higher in
Kaunas and lower in Sesto Fiorentino and Menorca; in
women, total stroke incidence was higher in Kaunas and
Warsaw and lower in Sesto Fiorentino and Menorca (Figure).
These patterns were similar for men and women for cerebral
infarction in Sesto Fiorentino, Kaunas, and Warsaw; a de-
crease in incidence of CI for men and women in the
population was slightly more pronounced in Menorca com-
pared with total stroke incidence (Table 3). Compared with
the mean adjusted incidence rates for all centers, incidence of
PICH was lower in Dijon for men and in Warsaw for women;
in Menorca, a higher incidence of PICH was found for men
and in Kaunas for women. No other substantial differences in
stroke incidence for PICH and SAH were observed among
the populations.

Discussion
This is the first multipopulation study without age restriction
using identical study criteria and periods of observation for
presenting comparable information on stroke incidence from
6 European countries. Considerable differences in total stroke
incidence were found across Europe. On average, lower rates
of total stroke incidence were found in southern and higher
rates in eastern European countries, especially in women. The
observed variations in stroke incidence among the centers
were mainly caused by differences in the incidence of CI.
Incidence of PICH was found to be lower in men in Dijon,
France, and in women in Warsaw, Poland; in Menorca, Spain,
the incidence of PICH was higher in men and in Kaunas,
Lithuania, in women. No other substantial differences in

incidence of hemorrhagic stroke were observed among Euro-
pean centers.

The observation of highest rates of total stroke incidence in
eastern and lowest rates in southern European countries is
comparable to previous studies. The WHO MONICA Project
was the first, and until today the only, multinational study
reported on geographical variations in stroke incidence using
uniform criteria. Data collection in the WHO MONICA
Project began between 1982 and 198512 and in 14 populations
from 9 countries, data are available up to the early/mid-
1990s.20 In the last 3 years of the WHO MONICA Project,
total stroke event rates were highest in Novosibirsk, Russia,
followed by Kaunas, Lithuania, and lowest in Friuli, Italy.20

At the end of the study, event rates varied between No-
vosibirsk, Russia, and Friuli, Italy, 3.7- and 6.6-fold in men
and women, respectively, and between Kaunas, Lithuania,
and Friuli, Italy, 2.9- and 3.1-fold, respectively.20 Similar to
these findings, we found highest rates of total stroke inci-
dence rates in Kaunas, Lithuania, and lowest rates in Sesto
Fiorentino, Italy. However, variation was slightly lower in
our study with a 2.2-fold difference in total stroke incidence
in men and a 2.3-fold difference in women between Kaunas
and Sesto Fiorentino. This difference might be caused by the
fact that in the WHO MONICA Project, event rates (first and
recurrent strokes) rather than incidence rates (first stroke
only) were reported because in some centers, separation of
first and recurrent events was not always possible.21 In
addition, in the WHO MONICA Project, only patients between
25 and 64 years of age were included12 and the comparisons of
the last 3 years of registration based on the age group 35 to 64
years.20 In our data, the median age of the patients was 73
years and 46% of all first ever-stroke occurred in patients
�75 years. Thus, the introduction of an upper age limit might
limit the generalizability of the data in terms of estimating the
true impact of stroke for societies.22 A recent overview of
results from population-based stroke registers in the 1990s
found smaller geographical variations in total stroke inci-
dence compared with the WHO MONICA Project, except
higher incidence rates of stroke in eastern European countries
(Russia, Ukraine), similar to our findings.4

Table 3. Annual Stroke Incidence Rate and 95% CI per 100 000 Population Adjusted to the European Population

Total CI PICH SAH Undefined

Men Women Men Women Men Women Men Women Men Women

Dijon 122.5 75.9 112.6 64.0 4.0 7.0 0.8 0.2 5.1 4.7

(101.7–146.2) (59.8–95.0) (92.7–135.4) (49.3–81.7) (1.1–10.3) (2.8–14.4) (0.0–5.3) (0.0–4.2) (1.7–11.8) (1.5–11.2)

Sesto 101.2 63.0 77.6 41.8 19.1 11.7 0.9 3.7 3.6 5.8

Fiorentino (82.5–123.0) (48.5–80.7) (61.3–96.9) (30.1–56.6) (11.5–29.8) (6.0–20.6) (0.0–5.4) (1.0–9.8) (0.9–9.7) (2.1–12.7)

Kaunas 239.3 158.7 207.1 133.9 23.1 20.3 7.5 4.2 1.6 0.3

(209.9–271.6) (135.0–185.4) (179.8–237.3) (112.2–158.6) (14.7–34.7) (12.5–31.3) (3.1–15.0) (1.2–10.5) (0.1–6.6) (0.0–4.4)

London 121.1 78.1 98.5 61.2 16.8 10.8 3.8 4.7 2.1 1.3

(100.5–144.7) (61.8–97.5) (80.0–119.9) (46.9–78.6) (9.7–26.9) (5.4–19.4) (1.0–9.9) (1.5–11.2) (0.3–7.4) (0.1–6.2)

Menorca 116.3 65.8 73.1 40.8 27.1 19.7 7.9 1.5 8.1 3.9

(96.1–139.5) (50.9–83.8) (57.4–92.0) (29.2–55.4) (17.9–39.4) (12.0–30.5) (3.4–15.6) (0.1–6.3) (3.5–15.9) (1.0–10.1)

Warsaw 147.2 125.9 119.3 107.8 11.2 4.8 8.1 5.3 8.6 8.0

(124.4�173.0) (104.9–149.9) (98.9–142.8) (88.4–130.2) (5.6–19.9) (1.5–11.4) (3.5–15.9) (1.8–12.1) (3.9–16.6) (3.5–15.8)
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The main variations in stroke incidence among the centers
in our study were found for CI, with higher rates of CI in
Kaunas, Lithuania, for men and women and in Warsaw,
Poland, for women. In agreement with these findings, highest
prevalence of prior-to-stroke hypertension and atrial fibrilla-
tion, risk factors associated with a great attributable risk for
stroke,23,24 was found in Kaunas and Warsaw, the centers
with the highest incidence of CI. On the other hand, risk of CI
was lowest for men and women in Sesto Fiorentino, Italy, and
Menorca, Spain, corresponding to a lower prevalence of
prior-to-stroke hypertension and atrial fibrillation in these
centers. The observed differences in risk of CI between the
centers might also be caused by differences in lifestyle factors
such as dietary habits. Adherence to a Mediterranean diet is
associated with lower risk of death from coronary heart
disease.25 Although data on the direct association of stroke
and Mediterranean diet are lacking, coronary heart disease
and stroke share similar risk factors and, thus, similar effects
of dietary habits and morbidity risk can be assumed.26 In
addition, healthcare systems in the participating countries
might differ in terms of primary prevention strategies for the
populations. No substantial variations in risk of CI were
observed in the participating centers between men and
women, except a higher risk of CI for women but not for men
in Warsaw, Poland. Different developments in trends in

vascular risk factors between men and women in the general
population in Poland might contribute to the gender differ-
ences in stroke risk. For example, the proportion of daily
cigarette smokers aged 35 to 64 years in Poland in the CHD
WHO MONICA Project showed a significant decrease in
men but no changes in women over a 10-year study period.27

Variations in incidence of PICH among the participating
European countries were only seen in Dijon, Warsaw,
Menorca, and Kaunas. The reasons for the lower rate of PICH
in men in Dijon and in women in Warsaw remain unclear. No
substantial variations in the proportion of main risk factors
for PICH, hypertension and smoking, were observed between
Dijon and the other centers and the prevalence of hyperten-
sion and smoking was even higher in Warsaw compared with
the other centers. Thus, the lower incidence of PICH in Dijon
and Warsaw might be attributed to variations in other, not
recorded, risk factors such as dietary habits or to differences
in genetic risk among populations. We observed higher
incidence rates of PICH in Menorca, Spain, but were not able
to link the observed increase in risk of PICH with a higher
prevalence of main prior-to-stroke risk factors among patients
in Menorca, including for hypertension as the most important
risk factor for PICH. However, differences in the manage-
ment of hypertension in the general population compared
with other countries might contribute to the higher incidence

0

50

100

150

200

250

300

Dijon Sesto Fiorentino Kaunas London Menorca Warsaw

EU
 a

dj
us

te
d 

an
nu

al
 in

ci
de

nc
e 

ra
te

 p
er

 1
00

,0
00

0

50

100

150

200

250

300

Dijon Sesto Fiorentino Kaunas London Menorca Warsaw

EU
 a

dj
us

te
d 

an
nu

al
 in

ci
de

nc
e 

ra
te

 p
er

 1
00

,0
00

A

B

Figure. A, Annual stroke incidence rate
and 95% CI per 100 000 population
adjusted to the European population for
males; the line represents the mean
annual incidence rate adjusted to the
European population for all centers. B,
Annual stroke incidence rate and 95% CI
per 100 000 population adjusted to the
European population for females; the line
represents the mean annual incidence
rate adjusted to the European population
for all centers.
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of PICH in Menorca because poor blood pressure control in
the general population is associated with a higher stroke
mortality.28

A higher risk of SAH is partly associated with vascular risk
factors such as smoking.29,30 However, SAH is most fre-
quently caused by vascular malformations, and the risk of
vascular malformations is influenced by genetic factors.31

Thus, the lack of a difference in risk of SAH among the
centers might be caused by the greater impact of genetic
factors on risk of SAH compared with other pathological
subtypes. Therefore, the overall risk of SAH observed in our
study might be similar to an average risk for SAH in the
European populations.

Overall, in only 3% of all strokes, pathological stroke
subtype could not be defined based on diagnostic tests,
ranging from 1% to 8% in the centers. This proportion is
remarkably low compared with previous population-based
studies from the 1990s with a range of unclassified strokes
from 2% up to 15%.4 The lower proportion of undefined
strokes in our study might reflect a higher recognition of
stroke as a medical emergency since the 1990s requiring
immediate diagnostic verification among hospitalized as well
as nonhospitalized patients with stroke. The proportion of
patients with stroke admitted to a hospital in previous
population-based studies from the 1990s was on average
81%, ranging from 41% to 95%.4 In our study, overall 95%
of all patients with stroke were admitted to a hospital, ranging
from 88% up to 97% among the centers. The diagnostic
uptake is higher in hospitalized compared with nonhospital-
ized patients.32 Thus, the validity of diagnosis of pathological
stroke subtypes in our study might be higher compared with
previous studies.

Our study has strengths and limitations. Population-based
stroke registers without age restriction have been imple-
mented using uniform standardized criteria and observing
similar observation periods for providing comparable data on
variations in stroke incidence in participating centers. The
centers were selected based on their previous experience in
running stroke registers for increasing validity of case detec-
tion and case ascertainment. However, we cannot exclude
that the results for each center may not be representative for
the respective country. We introduced standardized criteria
for case ascertainment among the centers, including multiple
sources of information,5,6 to ensure completeness of case
ascertainment and external site visits were performed to
control adherence of centers to the defined standards. How-
ever, we were not able to provide any assessment of com-
pleteness of case ascertainment for all centers, eg, using
capture–recapture methods.33 Some of the variation in stroke
incidence might be attributed to the observed differences in
prevalence of prior-to-stroke risk factors. However, we had
no information on control of these factors in individual
patients and no data were available on differences in preva-
lence of lifestyle risk factors other than smoking, eg, dietary
habits. In addition, the documentation of prior-to-stroke risk
factors might vary across different centers or healthcare
systems.

Conclusions
The risk of stroke among European populations in our study
varied more than 2-fold in men and women. On average,
higher rates of stroke were observed in eastern and lower
rates in southern European countries. Differences in total
stroke incidence among the participating European centers
were mainly attributed to variations in risk of ischemic
stroke; less variation was observed for hemorrhagic stroke.
The prevalence of major risk factors for stroke differed
among the centers, mainly in terms of hypertension and atrial
fibrillation, and these differences might partly contribute to
the observed variations in stroke risk between the popula-
tions. The impact of stroke on the European society is still
substantial and sustained public health interventions and
awareness campaigns for risk factor reduction are crucial,
especially in eastern Europe.
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Neurology, Institute of Psychiatry and Neurology, Warsaw, Poland;
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