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A b s t r a c t 

Introduction: The aim of this study was to investigate long-term trends in 
secondary stroke prevention through management of vascular risk factors 
directly before hospital admission for recurrent stroke. 
Material and methods: This is a  retrospective registry-based analysis of 
consecutive recurrent acute stroke patients from a  highly urbanized area 
(Warsaw, Poland) admitted to a single stroke center between 1995 and 2013 
with previous ischemic stroke. We compared between four consecutive time 
periods: 1995–1999, 2000–2004, 2005–2009 and 2010–2013.
Results: During the study period, 894 patients with recurrent strokes were 
admitted (18% of all strokes), including 867 with previous ischemic stroke 
(our study group). Among those patients, the proportion of recurrent isch-
emic strokes (88.1% to 93.9%) (p = 0.319) and males (44% to 49.7%) (p = 0.5)  
remained stable. However, there was a rising trend in patients’ age (median 
age of 73, 74, 76 and 77 years, respectively). There was also an increase in 
the use of antihypertensives (from 70.2% to 83.8%) (p = 0.013), vitamin K an-
tagonists (from 4.8% to 15.6%) (p = 0.012) and statins (from 32.5% to 59.4%) 
(p < 0.001). Nonetheless, 21% of patients did not receive any antithrombotic 
prophylaxis. Tobacco smoking pattern remained unchanged. 
Conclusions: Our data indicate a  clear overall improvement of secondary 
stroke prevention. However, persistent use of antithrombotic drugs and to-
bacco smoking after the first ischemic stroke is constantly suboptimal. 

Key words: stroke, stroke register, secondary prevention, recurrent stroke. 

Introduction

Stroke continues to be one of the leading causes of adult disability 
[1]. In a meta-analysis of 13 studies. the cumulative risks of stroke recur-
rence after 1 month, 1 year, and 10 years were 3.1%, 11.1% and 39.2%,  
respectively, with the first period after the event being the most vulner-
able [2]. Moreover, case fatality 30 days after the first recurrent stroke 
is estimated to reach 41%, which is significantly greater than the case 
fatality at 30 days after a first-ever stroke (22%) [2]. Primary and sec-
ondary stroke prevention play a crucial role in counteracting the morbid-
ity and mortality related to stroke. The improved control of stroke risk 
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factors may contribute to better prevention [3, 4]. 
Secondary stroke prevention guidelines have been 
modified in the last decades due to better knowl-
edge of stroke risk factors and the development of 
pharmacological and non-pharmacological meth-
ods for their reduction [5]. 

Studies have reported long-term changes in the 
management of stroke risk factors for secondary 
prevention in North American and Australian pop-
ulations [6, 7]. However, there are no recent data 
on long-term trends in secondary stroke preven-
tion from Europe and no available reports from 
countries after the economic transition. Such data 
would provide information about adherence to 
guidelines for prevention of recurrent stroke and 
identify the most vulnerable areas that need to be 
improved. The aim of this study was to investigate 
changes in secondary stroke prevention in acute 
recurrent stroke patients with a previous ischemic 
stroke that occurred over the last two decades in 
a highly urbanized area of Poland. 

Material and methods

Our study center has a  stroke unit and pro-
vides neurological care for approximately 250 000 
inhabitants of a  highly urbanized area (Warsaw, 
Poland). We carried out a retrospective analysis of 
consecutive acute stroke patients with a history of 
previous ischemic stroke, admitted between July 
1995 and December 2013. Data were prospective-
ly collected from a detailed stroke registry [8], de-
veloped as an adaptation of the National Institute 
of Neurological and Communicative Disorders and 
Stroke Data Bank protocols [9]. Collected informa-
tion included: patient demographics, stroke risk 
factors, comorbidities, medications and routine 
brain imaging findings.

The diagnosis of stroke was based on clinical 
symptoms, according to the World Health Organi-
zation (WHO) definition and brain imaging (usu-
ally computed tomography). Stroke severity was 
measured with the National Institutes of Health 
Stroke Scale (NIHSS) [10]. The type of previous 
stroke and list of pre-stroke medications were 
determined using past medical records or the pa-
tient’s (or his/her family) statement. We analyzed 
changes between four consecutive periods: 1995 
to 1999 (period 1), 2000 to 2004 (period 2), 2005 
to 2009 (period 3) and 2010 to 2013 (period 4).

Statistical analysis

Categorical variables are presented as the num-
ber of valid observations and the proportion. Due 
to non-normal distribution, continuous variables 
are presented as the median with interquartile 
range (1st quartile and 3rd quartile, IQR). We com-
pared the time periods (e.g. period 3 vs. period 2 
and period 4 vs. period 3) and each time period 
with the first time period (e.g. period 4 vs. peri-
od 1) using the c2 test and post hoc Kruskal-Wallis 
test. To minimize the risk of type I errors, pairwise 
comparisons were done only if the overall test 
indicated a  significant difference among all four 
periods. A value of p < 0.05 was considered sig-
nificant. Calculations were carried out in Statistica 
10.0 (Stat Soft Inc., Tulsa, USA, 2011). 

Results

Structure of the admissions 

In the analyzed time periods, there were 4883 
acute stroke admissions; 894 (18%) were recur-
rent and 867 (82.1%) were in patients who had 
a previous ischemic stroke (Figure 1). The propor-

Figure 1. Acute stroke admissions in years 1995–2013
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tion of recurrent strokes in patients with a histo-
ry of ischemic stroke did not change during the 
study periods 1–4 (17%, 17.9%, 17.6% and 17.8%, 
respectively). Recurrent strokes in patients with 
a history of ischemic stroke were mostly ischemic, 
and this did not change during the study period.

General characteristics

The median age at admission increased (from 
73 to 77 years; p = 0.022) with time, and the base-
line neurological deficit fluctuated, with a general 
strong trend towards less severe strokes (Table I).  
There was a tendency towards an increasing pro-
portion of patients with preexisting hypertension 
(from 80.8% to 88.5%). The distribution of other 
vascular risk factors (i.e. atrial fibrillation, diabe-
tes, congestive heart failure, coronary artery dis-
ease and smoking) remained stable over the years. 
The proportion of patients with cholesterol levels 
< 200 mg/dl and low density lipoprotein choles-
terol (LDL-C) < 75 mg/l increased from 2005–2010 
(Table I). 

Pre-stroke treatment

The pre-stroke use of antihypertensives in-
creased significantly in patients from years 1995–
1999 (70.2%) until years 2005–2009 (80.4%) and 
then remained stable. This was also found for the 
subgroup of patients diagnosed with hyperten-
sion. The use of vitamin K antagonists increased 
significantly, from 4.8% in 1995–1999 to 15.6% in 
2010–2013, in patients with a similar tendency in 
the subgroup with pre-existing atrial fibrillation 
(AF). The use of antiplatelet drugs (mostly aspirin) 
did not change significantly. A consistent increase 
of statin use was observed after 2000 (Table II). 

Discussion 

To the best of our knowledge, this is the first 
study from Central and Eastern Europe that has 
directly investigated long-term trends in the man-
agement of vascular risk factors in acute stroke 
patients with a  history of previous ischemic 
stroke. Over the years, recurrent stroke patients 
tended to be older, but with a tendency towards 
decreased severity of neurological deficits. This 
finding is consistent with other long-term obser-
vations [11], and, in combination with the stable 
proportion of recurrent strokes, it indirectly con-
firms the increasing effectiveness of secondary 
prevention efforts for ischemic stroke.

The management of stroke risk factors contrib-
uted to better prevention of secondary strokes. The 
pattern of improved hypertension control has been 
demonstrated in high-income countries, which 
have experienced a  42% decrease in the overall 
stroke incidence during the past 40 years [12]. The 

increasing detection of hypertension and rising 
use of antihypertensives observed in our study are 
consistent with other registries [11, 13–15]. In our 
registry the proportion of patients with other vas-
cular risk factors (congestive heart failure, coronary 
artery disease and post-myocardial infarction) did 
not change significantly, which was consistent with 
other registries [11, 14]. Carrera et al. [14] report-
ed an increase in incidence of diabetes and hyper-
glycemia in a 25-year observation period of acute 
stroke admissions, which was not confirmed in our 
study, but also Girot et al. [13] observed a  stable 
proportion of diabetes in their study group. The pro-
portion of patients receiving vitamin K antagonists 
and those with atrial fibrillation also increased, in 
concordance with other registers [11, 15–18]. Inter-
estingly, increased use of anticoagulants did not af-
fect the number of recurrent hemorrhagic strokes. 
Unfortunately this phenomenon can be to a large 
extent explained by the fact of their subtherapeu-
tic use. This may be at least partly explained by 
a high proportion of patients with a non-therapeu-
tic International Normalized Ratio [19]. We have ad-
dressed it in another study [19]. The increasing use 
of statins corresponded to lower cholesterol levels 
in our study group, which is consistent with other 
European registries [15, 16].

The usefulness of platelet-inhibiting drugs in 
stroke prevention was first reviewed by meta- 
analysis in 1988, and their use was justified [20]. 
The prescription rate of antiplatelet agents in our 
study group did not change significantly over the 
years. It is noteworthy that 21% of patients with 
recurrent stroke still were not treated with anti-
platelet agents or anticoagulants. This finding may 
result from poor compliance and persistence, as 
was described in other populations [21]. As report-
ed previously, the 3 month to 1 year adherence to 
medications prescribed for secondary stroke pre-
vention is about 65% [22, 23], and this may not be 
improved even by additional interventions such 
as motivational interviewing [24]. In addition, the 
proportion of smokers did not change significant-
ly, in concordance with observations from other 
European countries [13, 25]. 

Our study has limitations. It is based on a regis-
try from a single urban stroke center; thus, the re-
sults may not be fully representative of the whole 
country. We also did not have exact data about the 
time that passed between the index stroke and 
the preceding ischemic event. 

In conclusion, our findings demonstrated that 
the management of vascular risk factors, over the 
last two decades, in urban Polish patients with re-
current stroke has substantially improved accord-
ing to evolving guidelines, including increased use 
of antihypertensives, vitamin K antagonists and 
statins. It is noteworthy that we also observed 
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a  similar tendency in improving primary stroke 
prevention [26]. The use of statins in secondary 
stroke prevention is not only beneficial due to the 
lipid-lowering effect but also because of a signif-
icant role in reduction of platelet activation and 
reactivity [27]. Of note, their use is also beneficial 
in patients with asymptomatic carotid stenosis 
[28]. The use of statins raised concern in previ-
ously published studies that noted an increased 
risk of hemorrhagic stroke in patients receiving 
a  statin [29–31]. However, two other meta-anal-
yses of studies did not confirm increased risk of 
hemorrhagic stroke in patients receiving statins 
[32, 33]. Moreover, new evidence suggests that 
statins taken prior to or continued during admis-
sion for intracerebral hemorrhage may be even 
associated with positive outcomes [29]. However, 
there is much to be improved, as smoking pat-
terns remained unchanged, and 1 in 5 patients 
still did not take any antiplatelet or anticoagulant 
treatment. One potential solution to improve pa-
tient adherence to evidence-based treatment is to 
continue extended neurological follow-up. Anoth-
er important issue is the proper diagnostics and 
treatment of vascular risk factors by neurologists 
and primary care physicians, who need to be more 
aware of secondary stroke prevention efforts.
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