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Tracking stroke epidemiology 

Essential in order to manage health services, to 

optimize economic resources, and to estimate 

the adequacy of the therapeutic strategies of 

primary and secondary prevention 

Moreover epidemiological studies allow to 

extrapolate the expected number of patients 

with cerebrovascular disease that can benefit of 

stroke units 





The Impact of Stroke 

4th/3rd leading cause of death in most 

Western countries 

A leading cause of long-term disability 

2nd most expensive illness 

Significant economic burden in terms of 

health care costs and lost productivity  

Most strokes are preventable 



Age-adjusted death rates for CVD and CLRD 

Stroke 2014;45:315-353 



From the 1970s through 2008 the age-adjusted 

stroke incidence rates in high-income countries 

declined 42% overall with declines in each 

subsequent decade of the study  

These trends were found across all age groups, 

with a greater decline in those ≥75 years of age 

A greater than 100% increase in stroke incidence 

was found in low to middle income countries 

Lancet Neurol 2009;8:355-369 



Incidence rates of stroke  
types in high-income countries 

The pooled overall age-adjusted incidence rates of ischemic stroke 
fell by 11%, likely reflecting advances in primary prevention 

Lancet Neurol 2009;8:355-369 



Early case-fatality rates  
in high-income countries  

During the last decades 
there was a non-

significant reduction in 
early stroke case-fatality  

The yearly averaged % 
change in stroke case-

fatality was -1.1% likely 
reflecting advances in 

stroke care and 
secondary prevention  

Lancet Neurol 2009;8:355-369 



Decline in stroke mortality rates 

Stroke 2014;45:315-353 

The decline in 
mortality results 
from reduced 

incidence of stroke 
and lower case-

fatality rates and is 
concurrent with 

cardiovascular risk 
factor control 
interventions  



US age-standardized death rates attributable to 
cardiovascular disease 2000 to 2013 

Circulation 2016; DOI: 10.1161/CIR.0000000000000350 

-16.8% 



Changes in stroke death rates from 1981 to 2013 

Slightly greater decline in age-adjusted stroke death 

rates in men (-61.4%) than in women (-58.9%) aged 

≥18 years 
 

Stroke death rates declined more among people aged 

≥65 years (-54.1%) than those aged 45 to 64 years 

(-53.6%) or those aged 18 to 44 years (-45.9%)  
 

Age-adjusted stroke death rates for adults aged ≥18 

years declined by ≈50% or more among all racial 

groups 

Circulation 2016; DOI: 10.1161/CIR.0000000000000350 



Trends in carotid endarterectomy             
and stenting procedures 

Circulation 2016; DOI: 10.1161/CIR.0000000000000350 



Large differences in incidence, prevalence 
and mortality have been reported between 
Eastern and Western Europe 

This has been attributed to differences in 
risk factors distribution, with higher levels 
of hypertension and other risk factors 
resulting in more severe strokes in Eastern 
Europe 

Epidemiology of Stroke in Europe 

Eur J Neurol 2015;22:284-291  



The EuroHOPE register study 

Patients with an index stroke on admission in 2007 were followed for 1 year 

The number of patients registered per 100,000 European standard population 
ranged from 77 in Scotland to 407 in Hungary 

Large differences were observed in medication use 

Eur J Neurol 2015;22:284-291  



Proportional frequency of stroke types 

Lancet 2005;365:2160-2161 



Epidemiology of stroke in Italy 

67-83% IS – 10-20% ICH – 2-4.0% SAH – 1-18% UNDET 

Int J Stroke 2011;6:219–227 * 



Epidemiology of stroke in Italy 
Incidence  

The incidence rates increased linearly with age, peaking in subjects aged 85+ 
years in all the registers 

Age group, gender, and geographic area were significant predictors of stroke 
incidence 

Int J Stroke 2011;6:219–227 



Comparison of the Age Structure of the Study 
 Population with that of Italy  (ISTAT, 2011)   

and Europe (EUROSTAT, 2011) 
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Census 

data 

Census 

data 

5-year recruitment  

Stroke 1997;28:2500-2506 
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Demographic characteristics 

1994-1998 2011-2012 



1994-1998 2011-2012 

430: subarachnoid hemorrhage; 431-432: intracerebral hemorrhage; 
433-434: cerebral ischemia; 436-437: ill-defined cerebrovascular disease 

Distribution of Cerebrovascular Events 
(ICD - IX Revision) 



1994-1998 2011-2012 

First-ever Stroke  
Age distribution 



1994-1998 2011-2012 

First-ever Stroke Incidence 

The decreased stroke incidence over the last two decades suggested that the 
improvement of prevention strategies might have contributed not only to postpone 
the age of stroke onset but also to reduce stroke incidence and mortality 
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Risk factors 

1994-1998 2011-2012 

Arterial hypertension 65.3 72.4 

Diabetes mellitus 25.5 22.4 

Coronary heart disease 24.6 14.3 

Hypercholesterolemia 24.4 18.5 

Smoking habit 23.5 13.3 

Atrial fibrillation 21.7 27.5 

Peripheral arterial disease 11.7 5.1 

Previous TIA 7.4 5.4 



1994-1998 2011-2012 

Demographics of Ischemic Stroke 



1994-1998 2011-2012 

Ischemic Stroke Incidence 



Ischemic Stroke Incidence Trend 

Crude rate x1000 (95% CI) 
Incidence 

rate ratio 
(95% CI) P Value 

1994-1998 2011-2012  

All 2.42 (2.39-2.44) 1.06 (0.98-1.15) 0.44 0.40-0.48 <0.001 

Men 2.36 (2.32-2.39) 1.09 (0.97-1.21) 0.46 0.41-0.52 <0.001 

Women 2.47 (2.44-2.50) 1.04 (0.93-1.16) 0.42 0.37-0.47 <0.001 

Age <55 years 0.16 (0.13-0.18) 0.13 (0.09-0.17) 0.82 0.59-1.12 0.216 

Age 55-74 years 4.37 (4.15-4.60) 1.39 (1.20-1.60) 0.32 0.27-0.37 <0.001 

Age ≥75 years 14.68 (14.04-15.34) 5.51 (4.97-6.08) 0.38 0.34-0.42 <0.001 



Risk factors for Ischemic Stroke 

1994-1998 2011-2012 

Arterial hypertension 64.2 77.0 

Diabetes mellitus 25.7 24.3 

Coronary heart disease 26.2 15.9 

Hypercholesterolemia 26.1 20.3 

Smoking habit 24.1 13.9 

Atrial fibrillation 24.2 31.5 

Peripheral arterial disease 12.2 6.2 

Previous TIA 8.3 5.7 



1994-1998 vs 2011-2012 

* * * 
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1994-1998 2011-2012 

Demographics of ICH 



1994-1998 2011-2012 

ICH Incidence 



ICH Incidence Trend 

Crude rate x1000 (95% CI) 
Incidence 

rate ratio 
95% CI P Value 

1994/1998 2011/2012  

All 0.37 (0.36-0.38) 0.25 (0.21-0.29) 0.67 0.56-0.80 <0.001 

Men 0.34 (0.31-0.38) 0.27 (0.21-0.33) 0.77 0.60-0.99 0.049 

Women 0.39 (0.35-0.44) 0.23 (0.18-0.29) 0.59 0.45-0.76 <0.001 

Age <55 years 0.04 (0.03-0.05) 0.03 (0.02-0.05) 0.72 0.36-1.32 0.319 

Age 55-74 years 0.69 (0.60-0.79) 0.29 (0.20-0.39) 0.41 0.29-0.57 <0.001 

Age ≥75 years 2.04 (1.80-2.29) 1.35 (1.10-1.65) 0.66 0.52-0.83 0.0005 



Risk factors for ICH 

1994-1998 2011-2012 

Arterial hypertension 75.6 68.9 

Diabetes mellitus 26.2 21.6 

Coronary heart disease 17.9 10.8 

Hypercholesterolemia 17.5 15.5 

Smoking habit 20.6 11.5 

Atrial fibrillation 10.7 20.3* 

Peripheral arterial disease 9.8 3.4 

Previous TIA 3.6 5.4 
 

*including patients with AF and medication-related ICH 



1994-1998 2011-2012 

Demographics of SAH 



1994-1998 2011-2012 

SAH Incidence 



1994-1998 2011-2012 

Atrial fibrillation profile 



Incidence of ischemic stroke 
subtypes in Europe 

J Neurol Sci 2007;262:85-88 



Secular trends in ischemic stroke subtypes 

Stroke 2014;45:3208-3213 

LA: large artery 

CA: cardioembolic 

SA: small artery 

OE: other etiology 

UE: undetermined 



220 (34,7%) 

Cardioembolism 

92 (14,5) 

Small-Artery 
Occlusion 

29 (4,6%) 

30 Other Causes 

220 (34,7%) 

Undetermined 

73 (11,5%) 

Large-Artery 
Atherosclerosis 

634 

 First-ever ischemic strokes 

L’Aquila Stroke Registry 
2011-2012 

55 (25%) 

Incomplete 
Evaluation 

152 (69,1%) 

Negative Evaluation 

13 (5,9%)  

Two or more causes 



Main characteristics of the included patients according to TOAST criteria 

L’Aquila Stroke Registry 
2011-2012 



Risk factors distribution according to TOAST criteria 

L’Aquila Stroke Registry 
2011-2012 
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Definitions of TIA 

Time-based a sudden, focal neurological deficit of presumed 
vascular origin lasting less than 24 hours 

Tissue-based a transient episode of neurological dysfunction 
caused by focal brain, spinal cord, or retinal ischemia, without 
acute infarction 

Acute neurovascular syndrome (ANS) relatively brief symptom 
duration (symptoms may persist several hours but less than a 
day) who do not receive a detailed diagnostic evaluation 

Cerebral infarction with transient symptoms events that last <24 
hours but are associated with cerebral infarction 

Stroke 2009;40:2276–2293 
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TIA Incidence  
in the District of L’Aquila 

TIA definition 

Total number  

of included 

TIA 

Crude 

Incidence 

(x100,000) 

95% CI 
Standardized* 

incidence 
95% CI 

Tissue-based 151 25.3 21.5-29.6 20.0 16.3-24.1 

All definitions 210 35.2 30.7-40.2 28.6 24.1-33.5 

 

CI confidence interval  

*to the 2011 European population 

 



   THANKS! 



17%

83%

14%

86%

Nonlacunar stroke       Lacunar stroke 

1994-1998 2011-2012 

L’Aquila Stroke registry 
Distribution of  lacunar and nonlacunar strokes 



Demographics of lacunar stroke 

1994-1998 2011-2012 



Risk Factors for Lacunar and Nonlacunar Stroke 
 Multivariate  analysis 

1994-1998 2011-2012 

0.1                                           1                                            10Nonlacunar Lacunar

Arterial hypertension

Peripheral arterial disease

Atrial fibrillation

Cigarette smoking

Coronary heart disease

Hypercholesterolemia

Diabetes mellitus

Arterial hypertension

Atrial fibrillation

Cigarette smoking

Hypercholesterolemia

Diabetes mellitus

Coronary heart disease

Peripheral arterial disease

Nonlacunar Lacunar0.1                                           1                                            10



0

0,5

1

1,5

2

2,5

3

0-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 85+

1994-98

2011-12

R
a
te

/1
0
0
0
/a

n
n
u
m

 

Age (years) 

Lacunar Stroke Incidence 

IRR=0.47 (95% CI 0.37-0.58); p<0.001 



Men Women 

Lacunar Stroke Incidence 

IRR=0.56 (95% CI 0.42-0.74); p<0.001 IRR=0.37  (95% CI 0.25-0.52); p<0.001 
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Lacunar vs nonlacunar stroke 
1-year survival 
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Definitions of TIA 

Time-based a sudden, focal neurological deficit of presumed 
vascular origin lasting less than 24 hours 

Tissue-based a transient episode of neurological dysfunction 
caused by focal brain, spinal cord, or retinal ischemia, without 
acute infarction 

Acute neurovascular syndrome (ANS) relatively brief symptom 
duration (symptoms may persist several hours but less than a 
day) who do not receive a detailed diagnostic evaluation 

Cerebral infarction with transient symptoms events that last <24 
hours but are associated with cerebral infarction 

Stroke 2009;40:2276–2293 
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TIA Incidence  
in the District of L’Aquila 

TIA definition 

Total number  

of included 

TIA 

Crude 

Incidence 

(x100,000) 

95% CI 
Standardized* 

incidence 
95% CI 

Tissue-based 151 25.3 21.5-29.6 20.0 16.3-24.1 

All definitions 210 35.2 30.7-40.2 28.6 24.1-33.5 

 

CI confidence interval  

*to the 2011 European population 

 


