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a b s t r a c t

Introduction: The available data on acute stroke (AS) in Poland come mainly from non-

representative cohorts or are outdated. Therefore, the current study was done to access the

most recent data on AS in the industrial region that covers 12% (4.6 mln) of the country's

population.

Objective: To evaluate the epidemiological data of AS in the Silesian Province, Poland.

Patients and methods: Analysis of the data from stroke questionnaires, obligatory for all

patients hospitalized due to AS and administered by the only public health insurer in Poland

(the National Health Fund) between 2009 and 2015 (n = 81,193).

Results: The annual number of hospitalizations due to AS in the analyzed period was

between 239 and 259 per 100,000 inhabitants of the Silesian Province. Haemorrhagic stroke

constituted 13.3%, ischaemic stroke – 85.5%, and unspecified stroke – 1.2%. The average age

of patients was 71.6 � 12.2 years (M 68.2 � 11.9, F 74.8 � 11.9, P < 0.05). The mean duration of

hospitalization was 17 � 16 days for haemorrhagic stroke, and 14 � 11 days for ischaemic

stroke. Large-artery atherosclerosis (36.1%) and cardioembolism (18.7%) constituted the

main causes of ischaemic stroke. Overall hospital mortality for AS was 18% (haemorrhagic

– 40.8%, ischaemic – 14.9%). A decreasing trend in mortality was observed in ischaemic but

not in haemorrhagic stroke. In-hospital mortality was significantly higher in women than in

men (P < 0.05).
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Conclusions: This comprehensive long-term analysis of the epidemiological situation related

to AS in the industrial region of Poland should encourage further development of educa-

tional and treatment programmes for improvement in the health status of the population.

© 2017 Published by Elsevier Sp. z o.o. on behalf of Polish Neurological Society.
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1. Introduction

Long-term epidemiological observations made in the US
since the beginning of the 20th century have shown a gradual
decrease in stroke incidence, initially in women and later in
men, showing another increase in the 1980s (from 115
incidents/100,000 to 135 incidents/100,000). It was believed
that the increase was due to the increasingly ageing popula-
tion (new incidents in older age groups), civilization progress
and wider availability of neuroimaging which led to higher
detectability of minor strokes with a benign clinical course [1].
Similar research done in Europe also showed an increase in
incidents of stroke in the elderly people [2,3].

In Poland, the first epidemiological research on stroke was
conducted in the 1980s under the auspices of WHO MONICA
[4] and 2.9 million individuals aged 34–64 were evaluated.
The calculated indicators were negative for Poland and
countries of the Eastern Europe. Another research, the Warsaw
Stroke Registry, was done in Poland between 1991 and 1992
and it included 182,285 individuals (the standardized inci-
dence rate for stroke was 149/100,000; including 177/100,000
for men and 126/100,000 for women) [5,6]. The subsequent
epidemiological research (the Cracow Stroke Registry) was
conducted by researchers from Cracow between 1999 and
2000, and stroke incidence rate was 218/100,000 in men and
152/100,000 in women [7].

Another research on stroke done as part of the Polish
National Stroke Prevention and Treatment Registry between
2001 and 2002 was one of the biggest epidemiological research
in Poland and involved 222 neurological units representing the
majority of regions of the country. During the final analyses
8736 ischaemic stroke patients treated in 26 stroke units were
evaluated [8]. The subsequent similar research, part of the
National Programme for Prevention and Treatment of Cardio-
vascular Diseases POLKARD, was conducted up to 2009 [9].

Some of the reports concern the epidemiological situation
related to stroke in certain cities, districts and provinces
[10–16] (Table 1). However, no epidemiological research on
stroke has been conducted for the Silesian Province, industrial
region, which is the second largest province in Poland with
4,593,358 citizens i.e. nearly 12% of Poland's population.

The aim of this paper was to evaluate the epidemiological
situation related to acute stroke (AS) – the incidence of
hospitalized stroke, aetiology and in-hospital clinical course of
stroke in the Silesian Province between 2009 and 2015.

2. Material and methods

The study was based on the data obtained from stroke
questionnaires (n = 88,425) which were mandatorily reported
to the National Health Fund (NHF; the only public health
insurer in Poland) by all Silesian hospital departments where
patients with AS were treated (homogeneous patient group –

JGP – A48-A51), so data concerning stroke were based on
hospital registry. The analyzed period was between 2009 and
2015. The research was done with the approval of the Silesian
division of the NHF and the Consultant in Neurology for the
Silesian Province.

The questionnaire data underwent analysis; incomplete or
recurring data (e.g. recurring records of the same hospitaliza-
tion) were not considered. Finally, 81,193 stroke question-
naires were enrolled for the analysis. Diagnosis of stroke was
made according to the International Classification of Diseases
version 10 (ICD-10): I60 – subarachnoid haemorrhage (SAH),
I61 – intracerebral haemorrhage, I62 – other non-traumatic
intracranial haemorrhage, I63 – ischaemic stroke, I64 –

unspecified stroke.
The following data from the stroke questionnaires were

used in the present study: age, sex, admission date, date of the
first occurrence of stroke symptoms, date of death or
discharge, number of hospitalization days, aetiology of
ischaemic stroke (according to the Trial Org 10,172 in Acute
Stroke Treatment – TOAST), clinical symptoms (i.e. conscious-
ness disorders, hemiparesis/hemiplegia, speech disorders,
sensory disorders, posterior circle syndrome). The question-
naires also included the information whether stroke was
classified as first-ever-stroke. As a result, we were able to
calculate the incidence of hospitalized stroke in the Silesian
Province between 2009 and 2015.

According to the Bioethics Committee of the Medical
University of Silesia, the study was not a medical experiment.
Therefore, no approval of the Committee was required.

The statistical analysis was done using the statistical
package SAS version 9.4 (SAS Institute Inc., Cary, NC). The level
of statistical significance was set at P < 0.05.

The quantitative data were characterized using the
mean (‘‘X’’), the standard deviation (SD), the median and
the interquartile range ‘‘R’’. For nominal data the percentage
values were used. To evaluate the difference between
fractions, the significance test of difference was used. The
correlation between the nominal variables was verified using
the x2 test. The verification of the distribution of the variables
and the agreement with the normal distribution were made
using the Shapiro–Wilk test. The mean difference significance
was verified using the Student's t-test for two groups and the
ANOVA test for three or more groups. The consistency of the
distribution was verified using the Mann–Whitney U test for
groups and the Kruskal–Wallis test for skewed distributions.
Multiple comparisons were made based on post hoc test
results for variance analysis (ANOVA) and Kruskal–Wallis test
with the Bonferroni correction to assess significance of the
percentage difference in the case of two or more groups. The



Table 1 – Review of studies concerning epidemiological data of stroke in Poland.

Study Time of the study Description of the study

Warsaw Stroke Registry
[5,6]

1991–1992 Population-based study.
Included 182,285 individuals – inhabitants of Mokotow region. Standardized

incidence rate (only first-ever-stroke) was 111 per 100,000 (134 in men and 91
in women)
Standardized incidence rate (first-ever-stroke and recurrent stroke) was 149

per 100,000 (177 in men and 126 in women)
Cracow Stroke Registry [7] 1999–2000 Data based on hospital registry – from neurological departments in Cracow.

Standardized incidence rate (first-ever-stroke and recurrent stroke) was 180
per 100,000 (218 in men, 152 in women).

The Polish National Stroke
Prevention and Treatment
Registry [8]

2001–2002 Study based on hospital registry.
Questionnaire data from 48 neurological units representing most regions in

Poland (222 neurological departments were invited to the study)
8736 ischaemic stroke patients were finally included (from 26 centres which

fulfilled all the criteria).
The European Register of
Stroke [13]

2005 Population-based study
Included 120,186 individuals – inhabitants of Warsaw

Cerebrovascular diseases in
Ostroviec district [33]

2003–2008 Data based on hospital registry – from the only neurological department in
Ostrowiec.
The total incidence of stroke was between 501 and 574 per 100,000 (TIA was

also included)
Epidemiology of stroke in
Zabrze [10]

2005–2006 Data based on hospital registry – from two neurological departments in
Zabrze.
Standardized incidence rate (first-ever-stroke and recurernt stroke) was 167

per 100,000 (212 in men, 130 in women).
The Pomeranian Stroke
Registry PRUM [11]

2009 Data based on hospital registry.
Questionnaire data from 3521 patients with stroke or TIA hospitalized in 12

neurological departments of Pomeranian Province
Epidemiology of stroke in
Swietokrzyskie-
Sandomierz Region [11]

2009 Data based on hospital registry.
Questionnaire data from 1079 patients with stroke or TIA hospitalized in 3

neurological departments of Swietokrzyskie-Sandomierz Region
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trend was also calculated for consecutive years by means of
Jonckheere–Terpstra and Cochran–Armitage tests for con-
tinues and categorical variables respectively.

3. Results

Based on the analysis of the data obtained from the stroke
questionnaires, the number of AS hospitalizations in the
Silesian Province between 2009 and 2015 was 81,193 (41,696
women and 39,010 men; P < 0.001). In 487 cases the data on sex
were not available.

In the analyzed period the total number of hospitalizations
due to acute haemorrhagic stroke (I60, I61, I62) was 10,828,
which constituted 13.3% of all stroke cases, while the number
of hospitalizations due to acute ischaemic stroke (I63) was
69,403 (85.5%). The number of hospitalizations with the
diagnosis of unspecified stroke (I64) was 962 (1.2%).

There was found that although the total number of stroke
hospitalizations was stable over the years, the number of all
hospitalizations due to haemorrhagic stroke has significantly
decreased and the number of hospitalizations due to ischaemic
stroke has increased during the period considered (trend test
Cochran–Armitage – P = 0.0017; Table 2). The same observation
concerned the hospitalized incidence of first-ever haemor-
rhagic, as well as ischaemic stroke (P < 0.0001) (Table 3).

This trend (increasing number of ischaemic strokes and
decreasing number of haemorrhagic strokes) was observed
both in women (P = 0.016 for trend in number of all
hospitalizations; P = 0.002 for trend in the hospitalized inci-
dence of first-ever-stroke) and in men (P = 0.040 for trend in
number of all hospitalizations; P = 0.016 for trend in the
hospitalized incidence of first-ever-stroke) (Tables 2 and 3).

The mean age of patients with AS was 71.7 � 12.2 years.
The age of male patients was statistically significantly lower
(68.2 � 11.9) compared to female patients (74.8 � 11.9)
(P < 0.05). Table 3 shows the median age of incidence
depending on the stroke type and patient's sex. In general,
the mean age of incidence of haemorrhagic stroke (I60, I61,
I62) was statistically significantly lower compared to the
mean age of incidence of ischaemic stroke (I63) (68.0 � 14.1 vs.
72.2 � 11.8; P < 0.05).

The number of hospitalizations was increasing with age –

except for subarachnoid haemorrhage (SAH) which was more
common in younger patients. The highest number of
hospitalizations was observed for patients aged 75–84 years
(P < 0.05) (Table 4). In the case of patients <75 years of age the
number of hospitalizations was higher in men (P < 0.05) while
in patients ≥85 years of age it was higher in women (P < 0.05)
(Fig. 1). In terms of diagnosis, I61 and I62 were more common
in men, while I60, I63 and I64 were more prevalent in women
(Table 5).

The mean hospitalization time was 17.0 � 15.9 days for
acute haemorrhagic stroke, and 13.7 � 10.9 days for acute
ischaemic stroke (Table 6). The mean period from first
symptoms of stroke to hospitalization was 0.7 � 3.4 days.



Table 2 – Number of acute stroke-related hospitalizations in the Silesian Province between 2009 and 2015 (no data on sex in
487 patients in 2012).

Year Number of
hospitalizations
due to acute
stroke (n)

Number of
hospitalizations

per 100,000

Number of
hospitalizations

in women

Number of
hospitalizations

per 100,000
in women

Number of
hospitalizations

in men

Number of
hospitalizations

per 100,000
in women

2009 All 11,083 239 5697 237 5386 241
HS 1604 35 798 33 806 36
IS 9275 200 4789 199 4486 201

2010 All 11,751 254 6126 256 5625 251
HS 1578 34 783 33 795 36
IS 10,058 217 5284 221 4774 213

2011 All 11,921 258 6139 257 5782 259
HS 1562 34 747 31 815 36
IS 10,223 221 5303 222 4920 220

2012 All 11,912 258 5905 247 5520 248
HS 1596 35 761 32 771 35
IS 10,187 221 5078 213 4693 211

2013 All 11,926 259 6202 261 5724 258
HS 1518 33 740 31 778 35
IS 10,289 224 5393 227 4896 221

2014 All 11,505 251 5956 251 5549 251
HS 1531 33 740 31 791 36
IS 9850 215 5143 217 4707 213

2015 All 11,095 243 5671 240 5424 246
HS 1439 31 711 30 728 33
IS 9521 208 4890 207 4631 210

All – all stroke types (I60-I64); HS – haemorrhagic stroke (I60-I62); IS – ischaemic stroke (I63).

Table 3 – The incidence of hospitalized first-ever-stroke in the Silesian Province between 2009 and 2015.

Year Number of
first-ever-stroke (n)

Incidence
per 100,000

Number of
first-ever-stroke

in women

Incidence
per 100,000
in women

Number of
first-ever-stroke

in men

Incidence
per 100,000
in men

2009 All 7987 172 4061 169 3926 175
HS 1251 27 629 26 622 28
IS 6584 142 3346 139 3238 145

2010 All 8598 186 4465 186 4133 185
HS 1219 26 608 25 611 27
IS 7298 157 3816 159 3482 156

2011 All 8618 186 4409 184 4209 188
HS 1211 26 583 24 628 28
IS 7314 158 3764 157 3550 159

2012 All 8334 181 4282 179 4052 182
HS 1209 26 604 25 605 27
IS 7039 152 3632 152 3407 153

2013 All 8605 187 4486 189 4119 186
HS 1169 25 584 25 585 26
IS 7353 160 3853 162 3500 158

2014 All 8143 178 4261 180 3882 175
HS 1125 25 557 23 568 26
IS 6937 151 3653 154 3284 148

2015 All 7726 169 3924 166 3802 172
HS 1038 23 511 22 527 24
IS 6600 144 3368 142 3232 147

All – all stroke types (I60-I64); HS – haemorrhagic stroke (I60-I62); IS – ischaemic stroke (I63).
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Table 4 – The number of acute stroke – related hospitalizations according to the stroke type and age group in the Silesian
Province between 2009 and 2015.

Age (years) Type of stroke

I60 I61 I62 I63 I64 All

18–54 586
(37.32%)
<8.29%>

1282
(14.42%)
<18.14%>

41
(11.17%)
<0.58%>

5084
(7.33%)
<71.94%>

74
(7.69%)
<1.05%>

7067
(8.70%)
<100%>

55–64 409
(26.05%)
<2.62%>

1852
(20.83%)
<11.89%>

61
(16.62%)
<0.39%>

13,100
(18.88%)
<84.07%>

159
(16.53%)
<1.03%>

15,581
(19.19%)
<100%>

65–74 273
(17.39%)
<1.29%>

2091
(23.52%)
<9.92%>

94
(25.61%)
<0.45%>

18,361
(26.46%)
<87.13%>

255
(26.51%)
<1.21%>

21,074
(25.96%)
<100%>

75–84 216
(13.76%)
<0.84%>

2612
(29.38%)
<10.07%>

127
(34.60%)
<0.49%>

22,648
(32.63%)
<87.34%>

327
(33.99%)
<1.26%>

25,930
(31.94%)
<100%>

85+ 86
(5.48%)
<0.74%>

1054
(11.85%)
<9.13%>

44
(11.99%)
<0.38%>

10,210
(14.71%)
<88.47%>

147
(15.28%)
<1.28%>

11,541
(14.21%)
<100%>

Total 1570
(100%)
<1.93%>

8891
(100%)
<10.95%>

367
(100%)
<0.45%>

69,403
(100%)
<85.48%>

962
(100%)
<1.18%>

81,193

100%

Percentage for the column is given in parentheses.
Percentage for the row is given in angle brackets.

Fig. 1 – Age- and sex-adjusted total number of acute stroke-
related hospitalizations in the Silesian Province between
2009 and 2015.
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The aetiology of ischaemic stroke is shown in Table 7. The
main cause of ischaemic stroke was atherosclerosis of intra-
and/or extracranial arteries (36.1%), followed by a cardioem-
bolic cause (18.7%). The frequency of clinical symptoms in
different stroke types is shown in Table 8, and Fig. 2 presents
the occurrence of symptoms in different age groups. The older
the patient was, the more evident was the clinical manifesta-
tion of acute stroke.

Between 2009 and 2015 the overall in-hospital mortality
rate due to stroke (I60-I64) was 18%, and for individual
diagnoses it was as follows: I60 – 21.3%, I61 – 40.8%, I62 –

17.7%, I63 – 14.9% and I64 – 26.6%. The in-hospital mortality
rate was statistically significantly higher in women (19% of all
hospitalized women with stroke died) than in men (16%)
(P < 0.05) (Table 9), and it was increasing with age (Fig. 3). The
in-hospital mortality in ischaemic stroke in association with
its aetiology is presented in Table 10.
4. Discussion

Our study revealed that the number of hospitalizations due to
AS and the incidence of hospitalized first-ever-stroke in the
Silesian Province were significant. However, this incidence
was stable in the last decade – the annual incidence rates
varied from 169/100,000 to 187/100,000. To compare, the
recently estimated worldwide global annual incidence of
stroke was 258/100,000; in low-income countries – 281/
100,000, and in high-income countries – 218/100,000 [17,18].
One of the highest annual incidence rates of first-ever-stroke
was described for Tjanjin, China i.e. >300/100,000 [19]. On the
other hand, the lowest stroke incidence rates were found for
Perth, Australia (2000–2001; age-standardized annual inci-
dence rates 79/100,000), Dijon, France (2000–2004; 87/100,000),
Oxfordshire, UK (2002–2004; 87/100,000), Adelaide, Australia
(2009–2010; 101/100,000), Ludwigshafen, Germany (2006–2007;
110/100,000), Auckland, New Zealand (2011–2012; 119/100,000),
and some other regions [2,20–35].

It should be borne in mind that the number of
hospitalizations due to stroke in Silesian Province seemed
to be more similar to the Eastern rather than to Western
European countries [36–38]. This suggests that primary
prevention of stroke may be improperly implemented in
our country and the awareness of cerebrovascular risk
factors is insufficient.

Comparing the annual incidence of hospitalized first-ever-
stroke in this study (169–187/100,000) to the previously
presented in the Warsaw Stroke Registry between 1991 and
1992 (111/100,000) for a similar urban and industrial region, it
may be noted that the current incidence of hospitalized stroke
is much higher. Such a difference over the last 25 years might
be related to continuously growing population of the elderly,
better diagnostic procedures of stroke, and more accurate



Table 5 – The number of acute stroke-related hospitalizations and the mean age according to the type of stroke and sex in
the Silesian Province between 2009 and 2015.

Type of stroke Number of
hospitalizations

n (%)

Pa

Comparison of number of
hospitalizations in

men and women with AS

Age median
(Q1–Q3)

Pb

Comparison of age in
hospitalized men and

women with AS

I60 All 1566 (1.94%) 59 (50–71)
M 657 (1.68%) <0.001 57 (47–66) <0.001
F 909 (2.18%) 62 (52–74)

I61 All 8831 (10.94%) 71 (60–80)
M 4634 (11.88%) <0.001 66 (57–76) <0.001
F 4197 (10.07%) 76 (65–83)

I62 All 367 (0.45%) 73 (64–80)
M 193 (0.49%) 0.102 70 (59–79) <0.001
F 174 (0.42%) 76.5 (68–81)

I63 All 68,987 (85.48%) 74 (64–81)
M 33,107 (84.87%) <0.001 69 (61–77) <0.001
F 35,880 (86.07%) 77 (69–84)

I64 All 955 (1.18%) 74 (65–82)
M 419 (1.07%) 0.006 70 (61–78) <0.001
F 536 (1.29%) 78 (70–83.5)

Number of hospitalizations presented as n(%). Age presented as median and interquartile range. F – female; M – male; AS – acute stroke.
a Level of significance for the difference between the number of hospitalizations in female and male patients (Bonferroni correction –

significance level set at 0.01).
b Level of significance for the difference between the age of female and male patients.

Table 6 – Duration of hospitalization in days for different stroke types in the Silesian Province between 2009 and 2015.

Year Duration of hospitalization in days Median (Q1–Q3) Pa

All I60 I61 I62 I63 I64

2009 11 (9–17) 3 (1–17) 14 (4–26) 9.5 (1–16) 11 (9–16) 6 (2–12) <0.001
2010 11 (9–17) 3 (1–17) 15 (4–25) 8 (2–14) 11 (9–16) 9 (6–16) <0.001
2011 11 (9–16) 4 (1–14) 15 (4–25) 5 (2–13.5) 11 (9–15) 9 (4–14) <0.001
2012 11 (9–15) 4 (1–18) 13 (4–24) 5 (2–12) 11 (9–15) 10 (7–14) <0.001
2013 11 (9–15) 5 (1–18) 14 (4–24) 9 (2–13) 10 (9–15) 10 (3–14) <0.001
2014 11 (9–16) 8 (2–18) 15 (5–25) 9 (3–17) 11 (9–15) 9 (5–13) <0.001
2015 11 (9–15) 6 (1–17) 14 (4–23) 9 (2–18) 11 (9–15) 9 (4–11) <0.001
Pb <0.001 0.009 0.273 0.447 <0.001 0.025 –

All 11 (9–16) 4 (1–17) 14 (4–25) 9 (2–14) 11 (9–15) 9 (4–14) <0.001

Data are presented as median and interquartile range.
a Kruskal–Wallis test (comparison of days of hospitalizations between different types of stroke).
b The Jonckheere–Terpstra test for trend (Bonferroni correction – significance level set at 0.01) (level of significance for trend in duration of
hospitalization for different stroke types between 2009 and 2015 year).
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registry methods. The possibility that the current diagnosis is
overestimated cannot be ruled out either.

There are only a few recent reports which analyzed
epidemiological data on stroke in other Polish provinces [10–
16,38,39]. There are regions where the annual hospitalized
incidence of first-ever-stroke is much higher (up to 574/100,000
in Ostrowiecki region; however transient ischaemic attacks
were also included) [38]. There are also regions with similar
epidemiological indices [39]. Sometimes it was very difficult to
compare the reported incidence rates of stroke due to different
methods of the analysis (Table 1).

The sex-adjusted annual incidence of hospitalized stroke
was similar in men (172–188/100,000) and in women (169–189/
100,000), which is different from previous Polish studies [5–7].
However, when adjusted to age, the number of stroke-related
hospitalizations was higher in men <75 years of age. In older
individuals (≥75 years) the situation was different, i.e. the
number of hospitalizations was higher in women. The total
number of hospitalizations was higher in women as compared
to men due to longer life expectancy among women. Genetic
factors should also be considered as a reason for the
differences in stroke incidence between sexes in various age
groups [40].

The most frequent type of stroke in the Silesian Province
was ischaemic stroke – more than 85% of diagnoses, which is
consistent with the observations of other authors who
described the percentage of ischaemic stroke ranging from
55% to 90% [25]. Only in Chinese patients the diagnosis of
haemorrhagic stroke was much more frequent compared to
other populations [41].



Table 8 – Clinical symptoms of acute stroke in the Silesian Province between 2009 and 2015.

Clinical symptoms All Type of stroke Pa

I60
n = 1570

I61
n = 8891

I62
n = 367

I63
n = 69,403

I64
n = 962

Consciousness disorders 28,342 (34.91%) 922 (58.73%) 5700 (64.11%) 178 (48.50%) 21,035 (30.31%) 507 (52.70%) <0.001
Hemiparesis/hemiplegia 65,698 (80.92%) 660 (42.04%) 7132 (80.22%) 254 (69.21%) 56,962 (82.07%) 690 (71.73%) <0.001
Speech disorders 47,946 (59.05%) 536 (34.14%) 5425 (61.02%) 185 (50.41%) 41,200 (59.36%) 600 (62.37%) <0.001
Sensation disorders 26,803 (33.01%) 293 (18.66%) 3124 (35.14%) 94 (25.61%) 22,978 (33.11%) 314 (32.64%) <0.001
Posterior circle syndrome 18,190 (22.40%) 311 (19.81%) 2183 (24.55%) 67 (18.26%) 15,447 (22.26%) 182 (18.92%) <0.001

Data presented as n (%).
a Chi2 test (comparison of symptoms between different types of stroke).

Fig. 2 – Stroke symptoms in different age categories in the Silesian Province between 2009 and 2015.

Table 7 – Aetiology of ischaemic stroke in the Silesian Province between 2009 and 2015, according to the TOAST
classification.

Year Aetiology of ischaemic stroke

Large-artery
atherosclerosis

Cardio-embolism Small-vessel
occlusion (lacune)

Other determined
aetiology

Undetermined
aetiology

2009 3493 (37.66%) 1568 (16.91%) 937 (10.10%) 192 (2.07%) 3085 (33.26%)
2010 3675 (36.51%) 1622 (16.14%) 869 (8.65%) 151 (1.51%) 3741 (37.19%)
2011 3662 (35.82%) 1933 (18.91%) 990 (9.68%) 137 (1.34%) 3501 (34.25%)
2012 3774 (37.04%) 2090 (20.52%) 934 (9.17%) 185 (1.82%) 3204 (31.45%)
2013 3622 (35.3%) 2023 (19.66%) 1024 (9.95%) 173 (1.68%) 3447 (33.5%)
2014 3471 (35.23%) 1888 (19.17%) 1036 (10.52%) 233 (2.37%) 3222 (32.71%)
2015 3357 (35.26%) 1849 (19.42%) 956 (10.04%) 194 (2.04%) 3165 (33.24%)
Pa <0.001 <0.001 0.012 0.004 <0.001
Total 25,054 (36.10%) 12,973 (18.69%) 6746 (9.72%) 1265 (1.82%) 23,365 (33.67%)

a The Cochran–Armitage test for trend (Bonferroni correction – significance level set at 0.01) (level of significance for trend in percentage
distribution for different stroke types according to aetiology between 2009 and 2015 year).
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The percentage of unspecified stroke (I64) in the present
study was rather low (1.2%). In the literature it varies from 0%
in high-income countries to 10% in low-income countries [17].

As it was also noticed by other authors, the mean age of
male patients hospitalized in Silesian hospitals due to AS was
significantly lower (about 6 years) than of female patients
[40,42,43]. Women were not only older when admitted to
hospital, but in the case of female patients stroke was more
severe and functional outcome was worse [43,44]. Informa-
tion on stroke severity as measured by different scales (e.g.
NIHSS, SSS) was not included in our questionnaires. There-
fore, we could only indirectly conclude on stroke severity,



Table 9 – In-hospital mortality in the Silesian Province between 2009 and 2015. Data presented as the number and
percentage of deaths, n (%).

Year Overall
hospital
mortality
n = 81,193

Overall female
hospital mortality

n = 41,696

Overall
Male hospital

mortality
n = 39,010

I60
n = 1570

I61
n = 8891

I62
n = 367

I63
n = 69,403

I64
n = 962

2009 2115 (19.08%) 1174 (20.61%) 941 (17.47%) 35 (15.15%) 510 (38.43%) 5 (10.87%) 1464 (15.78%) 101 (49.51%)
2010 2129 (18.12%) 1188 (19.39%) 941 (16.73%) 61 (24.80%) 529 (41.04%) 8 (18.60%) 1511 (15.02%) 20 (17.39%)
2011 2207 (18.51%) 1245 (20.28%) 962 (16.64%) 49 (23.44%) 503 (38.09%) 12 (20.00%) 1599 (15.64%) 44 (32.35%)
2012 2100 (17.63%) 1125 (19.05%) 895 (16.21%) 43 (16.93%) 547 (43.00%) 9 (12.86%) 1487 (14.60%) 14 (10.85%)
2013 2097 (17.58%) 1175 (18.95%) 922 (16.11%) 58 (26.48%) 529 (42.42%) 13 (25.00%) 1470 (14.29%) 27 (22.69%)
2014 1984 (17.24%) 1088 (18.27%) 896 (16.15%) 46 (22.33%) 526 (41.22%) 8 (16.33%) 1385 (14.06%) 19 (15.32%)
2015 1994 (17.97%) 1111 (19.59%) 883 (16.28%) 42 (20.49%) 488 (41.11%) 10 (21.28%) 1423 (14.95%) 31 (22.96%)
P 0.002a 0.015b 0.048b 0.326c 0.094c 0.287c 0.002c <0.001c

All 14,626 (18.01%) 8106 (19.44%) 6440 (16.51%) 334 (21.27%) 3632 (40.85%) 65 (17.71%) 10,339 (14.90%) 256 (26.61%)

Data presented as n (%).
a The Cochran–Armitage test for trend (level of significance for trend in in-hospital mortality between 2009 and 2015 year).
b Bonferroni correction – significance level set at 0.025.
c Bonferroni correction – significance level set at 0.01.

Fig. 3 – Age-adjusted hospital mortality in different types of
stroke in the Silesian Province between 2009 and 2015.
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based on in-hospital mortality (which was higher in women
than in men).

As regards the aetiology of ischaemic stroke, our study
revealed that the most common causes of stroke in the
Table 10 – In-hospital mortality (n = 10,339, 14.90%) in associati
the Silesian Province between 2009 and 2015.

Year Aetiology o

Large-artery
atherosclerosis

n = 25,054

Cardio-embolism
n = 12,973

Sm
occlu

2009 532 (15.23%) 308 (19.64%) 3
2010 533 (14.50%) 313 (19.30%) 4
2011 512 (13.98%) 437 (22.61%) 5
2012 549 (14.55%) 391 (18.71%) 4
2013 504 (13.91%) 380 (18.78%) 6
2014 477 (13.74%) 341 (18.06%) 5
2015 492 (14.66%) 330 (17.85%) 7
Pa 0.285 0.012 <

All 3599 (14.36%) 2500 (19.42%) 3

Data presented as the number and percentage of deaths in the given ye
a The Cochran–Armitage test for trend (Bonferroni correction – signific
mortality in different stroke types according to aetiology between 2009 a
Silesian Province were the following: large-artery arterioscle-
rosis (36.1% of all AS), cadioembolism (18.7%) and small-vessel
occlusion (10.0%). However, the situation was different 25
years ago (in the Warsaw Stroke Registry: 20–24%, 11–15%, and
14–16%, respectively). Currently, approximately 33% of all
ischaemic strokes were of undetermined aetiology, whereas 25
years ago – up to 55% [5,6]. Such a decrease might be the result
of a greater availability of diagnostic methods (such as
ultrasonography, magnetic resonance, angiography, broader
cardiologic diagnostic possibilities). But it seems that the
percentage of cardioembolic stroke found in this study was too
low in comparison to percentage of stroke caused by large-
artery arteriosclerosis. It could be caused by still insufficient
evaluation for cardioembolism in patients with acute stroke in
Poland.

Epidemiological studies conducted over the years have
indicated a favourable trend in 30-day mortality among the
populations studied. The first studies in the United States and
Western Europe (1950s) indicated that over 30% of deaths
occurred within 30 days of the onset of stroke to decline to 20%
on with the aetiology of ischaemic stroke (I63; n = 69,403) in

f ischaemic stroke

all-vessel
sion (lacune)
n = 6746

Other determined
aetiology
n = 1265

Undetermined
aetiology
n = 23,365

1 (3.31%) 23 (11.98%) 570 (18.48%)
3 (4.95%) 19 (12.58%) 603 (16.12%)
2 (5.25%) 18 (13.14%) 580 (16.57%)
6 (4.93%) 20 (10.81%) 481 (15.01%)
5 (6.35%) 9 (5.20%) 512 (14.85%)
7 (5.50%) 27 (11.59%) 483 (14.99%)
2 (7.53%) 33 (17.01%) 496 (15.67%)
0.001 0.587 <0.001
66 (5.43%) 149 (11.78%) 3725 (15.94%)

ar for the given aetiology, n (%).
ance level set at 0.01) (level of significance for trend in in-hospital
nd 2015 year).
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in the 1980s and to 15–17% in 1990s [1]. These rates were higher
in haemorrhagic stroke, in older age groups, and in Eastern
European countries, although they also showed a downward
trend. The 30-day mortality rate calculated in the Warsaw
Stroke Registry (1991–1992) was 40% in total (61.1% for
haemorrhagic stroke, and 26.8% for ischaemic stroke) [5,6].
However, it was only 17.8% as calculated in the Cracow Stroke
Registry (1999–2000) [7].

The data included in the stroke questionnaires allowed to
analyze only early in-hospital mortality due to stroke. It
seemed to be higher (18%) compared to other European
countries where it was even below 10% [47]. Similar to other
studies, it was higher in the elderly and in haemorrhagic
strokes [45]. To compare, there are some data from rare
recent studies conducted in other Polish regions: in-hospital
stroke mortality in the Swietokrzyskie Province was 19.1%; in
the Pomeranian Province – 12.4%, and in Bialystok – 13.5%
[11,46]. It should be stressed that the number of patients
analyzed in these studies was much lower compared to the
present study.

5. Conclusions

1. Our study is the first to present such a comprehensive
(extensive and long-term) analysis of the epidemiological
and clinical aspects of stroke in the Silesian Province.

2. The annual incidence of hospitalized first-ever-stroke in the
Silesian Province ranged from 169/100,000 to 187/100,000.
Haemorrhagic strokes constituted about 13% of all cases,
whereas ischaemic strokes – 87%.

3. Overall in-hospital mortality rate in the Silesian Province
was 18% (about 40% due to haemorrhagic stroke and 15%
due to ischaemic stroke). It was lower than 25 years ago,
however it was still higher than in some other European
countries. This is the evidence that treatment and care of
stroke patients in some Silesian hospitals should be
improved.

4. This research should encourage further development of
educational and treatment programmes in acute stroke for
the improvement in the health status of the population.

6. Limitations of the study

There are some limitations to this study. First, in our paper
we analyzed only stroke-related hospitalizations, and the
incidence of hospitalized stroke (not total incidence) of
AS could only be calculated. However, the awareness of stroke
symptoms among Polish population and primary care physi-
cians is relatively high. Therefore, almost all patients with AS
are admitted to hospitals (according to the literature, the
percentage of patients with stroke in Poland who are
not hospitalized is less than 2%) [12]. Second, we could not
estimate the number of stroke-related deaths that had
occurred prior to the patient's arrival at hospital and therefore
the true hospitalized incidence of stroke might be under-
estimated. Third, we only analyzed the questionnaire data. As
a result, some human errors could have been made. It is also
possible that in the case of some acute strokes the ques-
tionnaires might not been sent to the NHF.
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