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ABSTRACT 

Ischemic stroke (IS) is one of the most common causes of death and disability 
worldwide. Around 10% of ISs affect young adults less than 50 years of age. 
Incidence of IS in young adults is approximately 10-20/100 000 people per 
year in the developed countries. Young patients typically have many years of 
active life ahead, and have families and work to take care of. Therefore, their 
long-term outcomes after IS are of paramount importance, but remain 
understudied. The aim of this thesis was to investigate the outcome of these 
young patients; regarding their cancer diagnoses and long-term risk of death, 
future cardiovascular events, and return to work, as well as to study factors, 
such as the etiology of index IS, that are associated with poor outcome. Also, 
we wanted to investigate whether the incidence of pregnancy- and delivery-
related complications before and after IS were different from stroke-free 
matched controls.  

Helsinki Young Stroke Registry (HYSR) includes 1008 consecutive first-
ever IS patients aged 15-49 years, treated 1994 to 2007 at the Department of 
Neurology, Helsinki University Hospital. We obtained outcome data for these 
patients from several national registries, including Hospital Discharge Registry 
(HDR) and Medical Birth Registry (MBR) from the National Institute of Health 
and Welfare (THL), Death Registry from Statistics Finland, and Earnings and 
Accrual registry from the Finnish Centre for Pensions. The unique personal 
identification number that exists for all people residing in Finland allowed the 
linkage of patients from HYSR to the follow-up data. The outcome events were 
verified from patient records whenever feasible. 

A total of 3.9% of young IS patients had cancer diagnosed before or during 
hospitalization for IS, with a median time of 4.9 years from cancer diagnosis 
to IS. Similarly, 3.8% of patients had cancer diagnosed after IS until the end 
of 2011, with a median time of 6.7 years from IS to cancer diagnosis. We found 
no cancers in the youngest patients aged <30 years at IS onset. The largest 
single groups of cancers were lung and respiratory tract cancers. Especially 
active cancer without any other cause of IS, melanoma, and lung/respiratory 
tract cancers were significantly associated with death, when adjusted for 
known confounders.  

Limiting to those young patients who survived over 30 days from the index 
event, a total of 152 (15.7%) patients died during a median follow-up of 10.1 
years. We found a 35.7% cumulative 15-year risk for composite vascular 
events and a 11.1% risk for vascular death, accordingly. Adjusted for age and 
sex, patients whose index IS were caused by large-artery atherosclerosis 
(LAA), had the highest hazard ratio (HR) for recurrent strokes, 2.7, compared 
with patients with IS of undetermined etiology. Similarly, patients whose index 
strokes were caused by high-risk sources of cardioembolism (CEH) had the 
highest HR, 3.7, for any subsequent cardiovascular events. On the contrary, 



patients whose ISs were caused by vertebral artery dissection (VAD) had the 
lowest HR, 0.3, for future cardiovascular events, again adjusted for age and 
sex. Overall, the cumulative 15-year risks were 9 times greater for arterial 
(33.7%) than for venous events (3.9%). In addition, patients with a 
cardiovascular disease or hemorrhagic stroke diagnosed before the index 
event had 4 times higher long-term incidence rate for any cardiovascular 
event (113.0/1000 person-years) than patients without such history (28.1/1000 
person-years). 

There were 207 singleton pregnancies for 124 mothers before IS and 68 
pregnancies for 45 mothers after IS. A total of 17 mothers had pregnancies 
both before and after IS. No deaths occurred during pregnancy or puerperium. 
Mothers with a history of IS seemed to have had more assisted reproductive 
technologies (ART), induced abortions, miscarriages, and cesarean sections 
at first pregnancy after IS compared with matched controls in the descriptive 
analyses, without statistical testing applied. Mothers with an impending IS in 
the future had a slightly increased risk for pregnancy- and delivery-related 
complications adjusted for socioeconomic status and maternal smoking, 
compared with matched control mothers, although only being borderline in 
statistical significance. Mothers who had experienced IS had more 
hospitalizations during subsequent pregnancies than their matched controls, 
with an adjusted incidence rate ratio of 1.85.  

When restricting to patients with mild to moderate IS and who were working 
within one year before IS, as many as 37.6% of patients were not working at 
one year, 42.0% at two years, the number increasing up to 46.9% at five years 
from IS. Large anterior strokes, strokes caused by LAA, CEH, and rare causes 
other than dissection, compared with undetermined etiology, moderate to 
severe aphasia compared with no aphasia, mild and moderate to severe limb 
paresis compared with no paresis, and moderate to severe visual field deficit 
compared with no deficit, were associated with a patient not working at one 
year after IS, when adjusted for age, sex, socioeconomic status, and National 
Institutes of Health Stroke Scale (NIHSS) score at admission. 

In conclusion, despite their young age, IS affected many life aspects, 
specifically the morbidity, mortality, and return to work, and as such has a 
major impact for the patient, also during the long-term follow-up. The worst 
prognosis regarding their long-term risk of vascular death, future 
cardiovascular events, and return to work seems to be for those individuals 
with an etiology of LAA and CEH underlying their index ISs.
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AF atrial fibrillation 
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1 INTRODUCTION 

Term ‘Apoplexy’, meaning in Greek language ‘struck with violence as if by a 
thunderbolt’ was introduced by Hippocrates (c. 460-370 B.C.) and was used 
at that time to denote all kinds of cerebrovascular disease (Clarke 1963). In 
1847, Virchow published a ground-breaking paper in stroke research, 
explaining that masses in the blood vessels resulted from ’thrombosis’, and 
that portions of a thrombus could detach and form an ‘embolus’ (Safavi-Abbasi 
et al 2006). Later, more precise definitions of stroke emerged (Aho et al 1980). 
IS thus occurs when the blood flow is blocked by a clot or an embolus in a 
specific area of the brain resulting in a clinical stroke syndrome. 

According to the Global Burden of Disease study, there were an estimated 
11 569 538 incident ISs in 2010 (Krishnamurthi et al 2013). Traditionally, IS 
has been considered a disease of the elderly. However, around 10% of ISs 
affect young adults aged 20-55 years (Kissela et al 2012). There are 
approximately 10.8 new cases leading to hospitalization per 100 000 people 
in adults aged 15-49 years each year in the Helsinki region (Putaala et al 
2009b). Studies indicate that the incidence of IS in younger adults has 
increased during the last decades in many countries (Kissela et al 2012, Lee 
et al 2012, Rosengren et al 2013, Bejot et al 2014, Ramirez et al 2016, Tibaek 
et al 2016, George et al 2017).   

IS in young adults differs from IS occurring in children and older adults. 
Young adults have somewhat differing risk factors related to their young age 
compared to other patients with IS, as well as differing etiologies of IS, with, 
for instance, relatively more ISs related to cervical artery dissection and 
unknown etiology than in children and older adults. Young patients may have 
mild and unusual symptoms of IS resulting in late referral to the hospital. Also, 
as young adults are at their most productive ages regarding work and family 
life, and should have long life expectancies ahead, the possible impact of their 
morbidity and mortality is critical to the patients themselves, their next-of-kin, 
and the society. Thus, there is a special interest on the long-term outcome of 
these patients, which still remains understudied. 

Helsinki Young Stroke Registry (HYSR) includes 1008 first-ever IS patients 
aged 15-49 years treated at the Department of Neurology of Helsinki 
University Hospital 1994 to 2007 (Putaala et al 2009b). In this thesis, the aim 
was to study the long-term outcome of young IS patients from HYSR, 
regarding their cancer diagnoses, future cardiovascular events and mortality, 
reproductive health, and return to work, using data obtained from various 
Finnish national registries. 



2 REVIEW OF THE LITERATURE 

2.1 ISCHEMIC STROKE IN YOUNG ADULTS 

2.1.1 DEFINITION  
 

 
The World Health Organization (WHO) introduced in 1970 a definition of stroke 
as “rapidly developing clinical signs of focal (or global) disturbance of cerebral 
function, lasting more than 24 hours or leading to death, with no apparent 
cause other than that of vascular origin” (Aho et al 1980).  

However, with advances in modern imaging and knowledge of stroke 
pathophysiology and therapeutics, a revised definition was needed, especially 
for the different subtypes of stroke, meaning IS, intracerebral hemorrhage 
(ICH), and subarachnoid hemorrhage (SAH). The AHA/ASA expert consensus 
published in 2013 a revised definition of IS as “an episode of neurological 
dysfunction caused by focal cerebral, spinal, or retinal infarction”, and thus 
including both clinical and tissue criteria in the definition (Sacco et al 2013). In 
this definition, central nervous system infarction denotes brain, spinal cord, or 
retinal cell death attributable to ischemia, based on:  

“1. pathological, imaging, or other objective evidence of cerebral, spinal 
cord, or retinal focal ischemic injury in a defined vascular distribution; or 

2. clinical evidence of cerebral, spinal cord, or retinal focal ischemic injury 
based on symptoms persisting ≥24 hours or until death, and other etiologies 
excluded.” 

 
Similarly, already in 2002, a proposal for a new definition of TIA was suggested 
(Albers et al 2002). According to this definition, TIA is “a brief episode of 
neurologic dysfunction caused by focal brain or retinal ischemia, with clinical 
symptoms typically lasting less than one hour, and without evidence of acute 
infarction”. Thereafter, in 2009, an expert committee of the AHA/ASA 
proposed a new definition of TIA as “a transient episode of neurological 
dysfunction caused by focal brain, spinal cord, or retinal ischemia, without 
acute infarction” (Easton et al 2009).  

Due to the unique risk factors and etiology, impact on the patient and their 
next-of-kin, and on society, it is reasonable to study and treat young adults as 
their own entity. There are no definite age cut-off values for what represents a 
young adult, but mostly used lower age cut-offs are between 15-18 years and 
upper age cut-offs between 45-55 years, as used in the three largest 
multicenter studies, the 15 Cities Young Stroke Study, the Stroke in Young 
Fabry Patients Study, and the Italian Project on Stroke in Young Adults 
(Putaala et al 2012b, Rolfs et al 2013, Pezzini et al 2014).



2.1.2 INCIDENCE AND PREVALENCE 
 
Incidence of IS in young adults is around 10-20/100 000 per year in the 
developed countries, with somewhat varying incidence numbers with different 
age cut-off values, geographical regions, and ethnic groups, and with the 
occurrence rising exponentially with age among young adults (Jacobs et al 
2002, Putaala et al 2009b, Groppo et al 2012, Kissela et al 2012, Lee et al 
2012). However, the incidence has been reported to be higher in the 
developing countries, as for instance in one older study from Libya by 
Radhakrishnan and colleagues from 1986 that reported an annual age-
adjusted incidence rate of occlusive stroke as high as 36.4 per 100 000 in 
people aged 15-40 years, although including also a rare outcome cerebral vein 
thrombosis.  

It is alarming that several studies suggest an increase in the incidence and 
hospitalization rates of IS in the young during the past decades in the United 
States (Lee et al 2012, Ramirez et al 2016, George et al 2017), Sweden 
(Rosengren et al 2013), France (Bejot et al 2014), and Denmark (Tibaek et al 
2016). The increase in the incidence of IS was more pronounced in women 
aged 18 to 44 years (1.6% per year) than in men of similar age (1.3% per year) 
from 1987 to 2010 in Sweden (Rosengren et al 2013). It has been 
hypothesized that the increase in the incidence of IS could be due to better 
awareness of stroke symptoms in the general public, improved diagnostic 
accuracy due to better imaging techniques, and increasing prevalence of 
cardiovascular risk factors, including illicit drug use (de Los Rios et al 2012, 
Kissela et al 2012, George et al 2017). 

Globally, there were 7 258 216 prevalent cases of IS in adults aged 20-64 
years in 2013, the prevalence rate being significantly, almost 5-fold, higher in 
developed (496.7 per 100 000) versus developing (97.1 per 100 000) 
countries (Krishnamurthi et al 2015). Similarly, the prevalence of IS in adults 
aged 20-64 years almost doubled from 1990 to 2013 both in the developing 
and developed countries (Krishnamurthi et al 2015). Incidence of IS is slightly 
lower in women than men, although higher in very young women aged <30 
years (Naess et al 2002, Putaala et al 2009b). Figure 1 shows the incidence 
of IS in young patients aged 15-49 years per 100 000 in the Finnish population 
from 1991 to 2015, with an International Classification of Diseases (ICD) 
diagnosis code I63 used for reason of hospitalization or death, as depicted in 
Finnish national registries.   



 Acute ischemic stroke incidence in young patients aged 15-49 years per 100 000 in 
the Finnish population from 1991 to 2015 in women and men. (Chronic diseases. 
http://thl.fi/cvdr) 

  
 



2.1.3 RISK FACTORS 
 

A risk factor is a variable that is associated with an increased risk of developing 
a disease, in this case IS (WHO). Risk factors for IS can be divided into 
nonmodifiable, well-documented and modifiable risk factors typically prevalent 
in older stroke populations, and less well-documented or potentially modifiable 
risk factors (Meschia et al 2014). Nonmodifiable risk factors for IS in young 
adults include increasing age, male gender among those especially aged over 
30 years (Naess et al 2002, Putaala et al 2009b), black ethnicity (Schneider et 
al 2004, Kissela et al 2012, Fonarow et al 2010), a positive family history of 
stroke (Schulz et al 2004), and other genetic risk factors for IS in general such 
as sickle-cell disease, cerebral autosomal dominant arteriopathy with 
subcortical infarcts and leukoencephalopathy (CADASIL), and Fabry disease 
(Meschia et al 2014). 

Well-documented and modifiable, so-called classical stroke risk factors 
include cigarette smoking, dyslipidemia, hypertension, diabetes, obesity, 
abdominal obesity, physical inactivity, atrial fibrillation (AF), coronary heart 
disease, and heart failure (Putaala et al 2012b, Rolfs et al 2013, Maaijwee et 
al 2014b, Pezzini et al 2014, von Sarnowski et al 2013), most of them more 
common with increasing age and in males among young adults (Putaala et al 
2009b, Rolfs et al 2013). Other well-documented risk factors for IS include 
peripheral artery disease and prior TIA (Putaala et al 2009b and 2012b, von 
Sarnowski et al 2013). Figure 2 shows the prevalence of well-documented risk 
factors in the three largest multicenter cohorts of young IS patients (Putaala et 
al 2012b, von Sarnowski et al 2013, Pezzini et al 2014).  

Less well-documented or potentially modifiable risk factors, that might be 
more prevalent in the younger than older patients with IS (Maaijwee et al 
2014b, Meschia et al 2014) include migraine, especially with aura (Sacco et al 
2012), illicit drug use and heavy drinking (de Los Rios et al 2012), patent 
foramen ovale (PFO) and atrial septal aneurysm (Overell et al 2000), use of 
combined oral contraceptives (Roach et al 2015), pregnancy and puerperium 
(Swartz et al 2017a), multiple pregnancy loss (Maino et al 2016a), lipoprotein 
(A) (Nave et al 2015), lupus anticoagulant in young women (Urbanus et al 
2009), prothrombin gene mutations (Jiang et al 2014), psychological stress 
(Jood et al 2009), and acute (Grau et al 1998) and chronic infection, such as 
periodontitis (Grau et al 2004). Also, obstructive sleep apnea and other sleep 
disorders (von Sarnowski et al 2013, Meschia et al 2014), active malignancy 
(Navi et al 2017), as well as high levels of activated intrinsic coagulation 
proteins (Siegerink et al 2010) and high von Willebrand Factor and low 
ADAMTS13 plasma antigen levels in women (Andersson et al 2012) are 
associated with an increased risk of IS.  

The strength of association of risk factors is perhaps most evident for 
cigarette smoking and IS in young adults, with an odds ratio (OR) of around 2-



4 in population-based studies, and with dose-dependency (Rohr et al 1996, 
Naess et al 2004a). However, the association of many of the above-mentioned 
especially less-well documented risk factors have been derived from bias-
prone case-control studies or case series with methodological limitations, 
resulting in potential confounding, and thus should be studied further 
preferably in double-blind randomized trials or large prospective cohort 
studies, which could prove both their dose- and time-dependency (Maaijwee 
et al 2014b). 

Many young IS patients present with more than one risk factor (Putaala et 
al 2012a). Other risk factors might increase a risk significantly, as for example 
women with lupus anticoagulant have an OR of 43.1 for IS compared with 
women without lupus anticoagulant, the OR increasing to 87.0 in women who 
smoke and to 201.0 in women who use oral contraceptives (Urbanus et al 
2009). In a German nationwide case-control study, the combined population-
attributable risk of physical inactivity, hypertension, heavy episodic alcohol 
consumption, and smoking was 77.5%, meaning that traditional risk factors 
play a significant role not only in IS among older but also in younger patients 
(Aigner et al 2017). Alarmingly, the prevalence of traditional stroke risk factors 
hypertension, lipid disorders, diabetes, tobacco use, and obesity in 
hospitalized IS patients increased from 2003-2004 to 2011-2012 in both men 
and women aged 18 to 64 years (George et al 2017).   



 Prevalence of well-documented risk factors in the three largest to date multicenter 
cohorts of young ischemic stroke patients: sifap1 (Stroke in Young Fabry Patients) 
had an age limit of 18-55 years; 15CYSS (15 Cities Young Stroke Study) had an 
age limit of 15-49 years, and IPSYS (Italian Project on Stroke in Young Adults) had 
an age limit of 18-45 years. *High waist circumference; BMI, body mass index; TIA, 
transient ischemic attack. Data from Putaala J and Martinez-Majander N. Chapter 2 
Risk factors; Ischaemic Stroke in the Young edited by Tatlisumak and Thomassen 
(2018) Fig.2.1 p.11. URL www.oup.com. Reprinted by permission of Oxford 
University Press. 

2.1.4. ETIOLOGY  
 
Unravelling the etiology of IS is important in choosing the optimal treatment 
and secondary prevention. Table 1 shows that the etiology of young IS 
according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria 
(Adams et al 1993) differs from that in the elderly and from that in children. 
Especially among young adults, newer stroke classification systems such as 
A-S-C-O and CCS might be of greater benefit than the traditional TOAST 
classification system, as these better consider the causality of an etiological 
factor and the diagnostic evaluations done (Ay et al 2005 and 2007, Amarenco 
et al 2009). The etiologies of young-onset IS also differ markedly between 
different regions of the world, as for instance in Morocco where as much as 
11% of ISs were related to syphilis in a hospital-based retrospective case 
series with 128 young adults (Chraa et al 2014).   



Table 1. Etiology of ischemic stroke in children (1 month-16 years), young (16-49 years), 
and older adults (>45 years) according to the TOAST classification (Adams et al 
1993, Grau et al 2001, Arnold et al 2008, Bigi et al 2011, Yesilot Barlas et al 
2013, Rolfs et al 2013, Goeggel Simonetti et al 2015a).  

TOAST 
Classification 

Children (%) Young adults (%) 
 

Older adults (%) 

TOAST1 
Large-artery 
atherosclerosis 

0 2-19 21 

TOAST2 
Cardiac sources 

17 17-37 26-33 

TOAST3 
Small vessel disease 

0 3-14 12-21 

TOAST4 
Other etiologies 

48-52 18-31 2-9 

TOAST5 
Unknown etiology 

31-35 27-40 26-29 

 
TOAST= Trial of Org 10172 in Acute Stroke Treatment. 
 
Among young adults, etiologies related to conventional stroke risk factors, 
such as LAA and small vessel disease, play usually a less significant role 
compared with older adults. LAA (TOAST1) is defined as clinical symptoms of 
cortical or cerebellar dysfunction, with imaging showing cortical, cerebellar, 
brain stem, or subcortical infarct exceeding 1.5 cm in diameter and with 
stenosis of greater than 50% of an appropriate intracranial or extracranial 
artery and with potential sources of cardiogenic emboli being excluded 
(Adams et al 1993).   

Cardioembolic strokes can be divided into CEH (TOAST2) and low-risk 
sources of cardioembolism (CEL) (TOAST2 or TOAST5), by their risk of IS 
(Table 2). TOAST classification defines a patient with a medium-risk cardiac 
source of embolism and no other cause of stroke as a possible cardioembolic 
stroke. Cardioembolism as a cause for IS is more frequent in young adults 
aged 15-49 years (28.5% of cases) and in the age group of patients 75 years 
or older (40.7%) compared with patients aged 50-74 years (24.9%), as 
reported by a Norwegian study (Nacu et al 2016). However, IS typically is a 
result of AF in as much as 17% of cases in the older patient population (Arnold 
et al 2008), but among young adults, only in around 3% of cases (Putaala et 
al 2009b).  



Table 2. Cardioaortic Sources of Cerebral Embolism (data from Ay H, Benner T, Arsava 
EM, Furie KL, Singhal AB, Jensen MB, Ayata C, Towfighi A, Smith EE, Chong 
JY, Koroshetz WJ, Sorensen AG. A computerized algorithm for etiologic 
classification of ischemic stroke: the Causative Classification of Stroke System. 
Stroke. 2007; 38 (11): 2979-2984. http://stroke.ahajournals.org.). Reprinted with 
permission from Stroke, Wolters Kluwer Health, Inc.  

Cardioaortic sources of Cerebral Embolism 
Sources with high primary risk of stroke 
  Left atrial thrombus 
  Left ventricular thrombus 
  Atrial fibrillation 
  Paroxysmal atrial fibrillation 
  Sick sinus syndrome 
  Atrial flutter 
  Recent myocardial infarction 
  Rheumatic mitral or aortic valve disease 
  Bioprosthetic and mechanical heart valves 
  Chronic myocardial infarction together with low ejection fraction <28% 
  Symptomatic congestive heart failure with ejection fraction <30% 
  Nonischemic dilated cardiomyopathy 
  Nonbacterial thrombotic endocarditis 
  Infective endocarditis 
  Papillary fibroelastoma 
  Left atrial myxoma 
Sources with low or uncertain primary risk of stroke 
  Mitral annular calcification 
  Patent foramen ovale 
  Atrial septal aneurysm 
  Atrial septal aneurysm and patent foramen ovale 
  Left ventricular aneurysm without thrombus 
  Isolated left atrial smoke 
  Complex atheroma in the ascending aorta or proximal arch 
  Other (third-degree atrioventricular block, pre-excitation syndromes, etc.) 

 
The high- and low-risk sources are separated using an arbitrary 2% annual or 1-time primary stroke risk threshold. 

 
Small vessel disease (TOAST3) is defined as a lacunar syndrome with 
imaging showing a subcortical or brain stem infarct of less than 1.5 cm in 
diameter and with other etiologies excluded (Adams et al 1993). 

ISs related to the TOAST4 (other) category are relatively more prevalent 
among young adults, which means that a thorough diagnostic work-up is 
usually needed in this patient population. The single most common other 
etiology in young adults with IS is cervical arterial dissection (Yesilot Barlas et 
al 2013). The list of possible other etiologies (TOAST 4) of IS is long. It 
includes non-atherosclerotic non-inflammatory vasculopathies such as 
Marfan’s and Ehlers-Dahnlos syndrome, moyamoya vasculopathy, radiation-
induced angiopathy, and amyloid angiopathy; non-atherosclerotic 
inflammatory vasculopathies such as primary vasculitis of the brain, systemic 
vasculitis, vasculitis related to bacterial meningitis, rheumatoid arthritis, and 
infection, Sjögren syndrome, Behcet disease, neurosarcoidosis, Sneddon 
syndrome; hematological and thrombotic diseases such as lymphoma, 



leukemia, essential thrombocytosis, polycythemia, sickle cell anemia, 
antiphospholipid syndrome; vasospastic disorders such as reversible cerebral 
vasoconstriction syndrome, migrainous infarct, and eclampsia; monogenic 
disorders such as type 1 neurofibromatosis and CADASIL; metabolic 
disorders such as Fabry and mitochondrial diseases; and other rare causes 
such as Susac syndrome (Bogousslavsky et al 2008, Ferro et al 2010, 
Tatlisumak et al 2014).  

In addition to routine etiological work-up, including imaging of the brain and 
vessels with computed tomography (CT) or magnetic resonance 
imaging/magnetic resonance angiography (MRI/MRA), chest-X-ray, routine 
laboratory tests, electrocardiography, transthoracic and transesophageal 
ultrasound, and Holter monitoring, additional etiological investigations are 
often needed, such as transcranial Doppler ultrasound with bubble test, 
lumbar puncture, advanced imaging studies, rheumatologic, infectious 
disease, hypercoagulability, and hematologic panel tests, targeted genetic 
tests, ophthalmologic evaluation, and/or biopsy of the CNS, peripheral nerves, 
arteries, or muscle (Singhal et al 2013). In one retrospective single-center 
study assessing 215 consecutive patients aged 18-45 years, etiology of IS or 
TIA was determined in 91% of patients with these modern diagnostic tests 
using TOAST classification (Ji et al 2013). In another retrospective single-
center study using A-S-C-O criteria, a definite cause for IS was found in 45.5% 
of patients aged 16-54 years, and an uncertain cause of IS in another 18.5% 
of patients (Larrue et al 2011). 

Similarly, other larger scale studies have found that even after thorough 
etiological work-up, as much as 40% of young ISs remain cryptogenic, 
meaning without a definite cause (Yesilot Barlas et al 2013, Van Alebeek et al 
2017). One portion of cryptogenic strokes falls into a rather new category, 
embolic strokes of undetermined source (ESUS), which are non-lacunar 
cryptogenic ISs, and without proximal arterial stenosis or CEH with a clear 
evidence for anticoagulation (Hart et al 2014). Some examples of potential 
ESUS etiologies include minor-risk or hidden cardiac sources, veins via 
paradoxical embolism, and non-occlusive atherosclerotic plaques in the aortic 
arch, cervical, or cerebral arteries. As much as 20.9% of HYSR patients could 
be classified as ESUS (Martinez-Majander et al 2018).   



2.1.5  TREATMENT 
 
Young patients may have mild and unusual symptoms and may come late to 
the hospital, as sometimes stroke symptoms in young adults are overlooked 
among the general public and among health care professionals, as stroke is 
generally considered a disease of the elderly. In a US study, 61% of young 
adults with IS presented at an academic medical center >4.5 hours after first 
symptoms of IS (Leung et al 2016). Patients who were single, unemployed, or 
had diabetes, were more often presenting late to medical care. However, 
approximately 10% of young patients have a TIA before IS (Putaala et al 
2009b). Possible differential diagnoses for IS in young adults include 
intracerebral, subarachnoid and subdural hemorrhages, epileptic seizures, 
migraine, inflammatory conditions, neoplasms, peripheral vertigo, 
hypertensive encephalopathy, multiple sclerosis, metabolic and toxic 
conditions, and functional disorders (Singhal et al 2013). 

Currently, there are no specific guidelines targeted for young IS patients, 
but acute stroke treatment in young patients follows the same 
recommendations as for older patients, regarding the use of intravenous 
thrombolysis (IVT), mechanical thrombectomy and hemicraniectomy, as well 
as supportive care, such as blood pressure (BP), glucose, and fever 
management (Powers et al 2018). There are no randomized controlled trials 
(RCTs) solely on IVT in young adults. However, in the Safe Implementation of 
Thrombolysis in Stroke-International Stroke Thrombolysis Register study, 
patients aged 18-50 years were more functionally independent compared with 
patients aged 51-80 (72% versus 55%) and had decreased mortality (5% 
versus 14%) three months after being treated with IVT for acute stroke 
symptoms, showing that younger patients benefit even more from IVT than 
older patients do (Toni et al 2012). Also, younger patients had less 
symptomatic intracerebral hemorrhages (SIH) in that same study, 1% versus 
2%, respectively. According to one US study, the number of young IS patients 
treated with thrombolysis increased from 2 to 5% from 2001 to 2009 with a 
decreasing number of deaths and discharges to other facilities than 
rehabilitation, whereas discharges to rehabilitation increased from 4 to 13% 
(Kansara et al 2013). However, a multicenter observational study on patients 
treated with IVT found that so-called stroke “mimics”, meaning with a diagnosis 
other than IS, were usually younger than true IS patients (median age 56 
versus 70 years, accordingly) (Zinkstok et al 2013). 

Regarding a very specific etiologic subgroup of patients, in one small study 
with 24 patients with mitochondrial myopathy, encephalopathy, lactic acidosis, 
and stroke-like episodes (MELAS), and with a mean age of 19.6 years, l-
arginine given intravenously in the acute phase and oral supplementation in 
the interictal phase for 6 patients decreased the frequency and severity of 
symptoms caused by stroke-like attacks compared with before 
supplementation and no major stroke-like attack occurred after this treatment 
during 18 months (Koga et al 2005). 



The original results of the meta-analysis of individual patient data from the 
HERMES collaboration, including five RCTs studying endovascular 
thrombectomy after large-vessel IS, showed that all other age groups 
benefited from thrombectomy, meaning obtained better functional outcome 
compared with traditional treatment, but the group of patients aged 18-49 
years, did not reach a statistically significant benefit. The reason for this at 
least partly must be due to the small number of patients included in this age 
group (Goyal et al 2016). However, already an older US cohort study of young 
adults treated with mechanical thrombectomy for large vessel occlusion 
showed that also young patients 55 years benefited from thrombectomy 
(Chalouhi et al 2014).  

American guidelines recommend administering aspirin for patients with 
acute IS within 24-48 hours of symptom onset for noncardioembolic stroke 
(Powers et al 2018). A Cochrane systematic review and meta-analysis on this 
subject had a significant amount or participants being >70 years of age and 
with 98% of the data coming from two trials testing aspirin 160 mg to 300 mg 
once daily started within 48 hours of onset of IS (Sandercock et al 2014). This 
meta-analysis concluded that for every 1000 patients treated with aspirin 
within 14 days of IS, 13 people would avoid death or dependency during 
maximum six months follow-up. 

In case the evolved infarction occupies at least 50% of the territory of the 
middle cerebral artery, and as such becomes a malignant infarction, 
hemicraniectomy within 48 hours of symptom onset increases the odds of 
favorable outcome as measured by a modified Rankin Scale (mRS) score of 
four or less at 12 months, and even more among patients aged <50 compared 
with patients 50 years of age (Vahedi et al 2007). Current care guidelines 
recommend using ventriculostomy and in certain cases suboccipital 
craniectomy in case of a space-occupying cerebellar infarct and edema 
(Powers et al 2018). A Cochrane systematic review conducted in 2013 
concluded that stroke unit care for stroke was associated with decreased odds 
of death (OR 0.81), death or dependency (OR 0.79), and death or 
institutionalized care (OR 0.78) at a median one-year follow-up. These 
observations were independent of the age of the patient (age up to or over 75 
years) (Stroke Unit Trialists’ Collaboration 2013).  

2.1.6 PRIMARY PREVENTION 
 
The best-case scenario with IS would be if it could be prevented from 
happening. Thus, primary prevention is crucial. However, there are no specific 
guidelines on primary prevention of IS in young adults, and the same 
guidelines are used as for older patients (Meschia et al 2014). Table 3 shows 
the current AHA/ASA recommendations on primary prevention of IS with the 
greatest evidence to date (Meschia et al 2014).   



Table 3. Primary prevention of stroke recommendations with Class I 
(Procedure/treatment should be performed), or Class IIa (weight of evidence is 
in favor of the procedure or treatment) and level A (data derived from multiple 
good-quality studies) or B (data derived from one good-quality study) evidence. 
Based on data from Meschia et al 2014.  

Risk factor Recommendation 
Family history Obtaining family history in determining people at increased risk  
Risk assessment  Such as AHA/ACC CV risk calculator to determine patients at high 

overall risk  
Physical activity At least moderate- to vigorous intensity aerobic physical activity 

40min/d 3-4 days/week  
Dyslipidemia In people with a high 10-year risk of cardiovascular disease, lifestyle 

changes and treatment with a statin is recommended as advised by 
the guidelines on the treatment of blood cholesterol (Stone et al 
2014) 

Diet and nutrition A diet rich in fruits and vegetables; Mediterranean diet with nuts  

Blood pressure Regular BP screening and treating hypertensive patients with lifestyle 
modifications and antihypertensives to a target BP of <140/90 mm 
Hg; annual screening for high BP and lifestyle modification for 
patients with prehypertension (120-139/80-89 mm Hg); individualized 
antihypertensive treatment; self-measurement of BP 

Weight Weight reduction for overweight (BMI= 25-29 kg/m2) and obese 
(BMI>30 kg/m2) individuals  

Smoking Counseling and using drug therapy with nicotine replacement, 
bupropion, or varenicline for smoking cessation; abstention from 
smoking in individuals who have never smoked; bans on smoking in 
public spaces 

Atrial fibrillation For individuals with a CHA2DS2-VASc score of 2 and acceptably low 
risk of hemorrhagic complications, oral anticoagulant therapy with 
either a vitamin K antagonist (valvular and nonvalvular AF); or with 
direct oral anticoagulant (nonvalvular AF) 

Mitral stenosis 
and left atrial 
thrombus 

Anticoagulation  

Mechanical aortic 
and mitral valves 

Vitamin K antagonist and low-dose aspirin  

Bioprosthetic 
aortic or mitral 
valves 

Aspirin 

Heart failure Anticoagulant or antiplatelet therapy  

Asymptomatic 
carotid stenosis 

Consider performing CEA in asymptomatic patients with >70% 
stenosis of ICA if the perioperative risk of stroke, MI, and death is 
<3% 

Sickle-cell 
disease 

TCD screening annually for children aged 2-16 years with sickle-cell 
disease and giving transfusion therapy for children at elevated risk of 
IS  

Alcohol Reduce or eliminate alcohol consumption in heavy drinkers through 
established screening and counseling strategies 

Chronic 
inflammatory 
diseases 

Patients with chronic inflammatory diseases are to be considered at 
increased risk of stroke 



Influenza  Annual influenza vaccination might lower the risk of stroke in high-
risk population of stroke 

Aspirin For those with >10% 10-year risk of CV disease 

 
LOE= level of evidence; CV= cardiovascular; BP= blood pressure; BMI= body-mass index; AF= atrial fibrillation; 
CEA= carotid endarterectomy; MI= myocardial infarction; TCD= transcranial Doppler-ultrasound. 

2.1.7 SECONDARY PREVENTION 
 
Once IS has already occurred, all efforts should be made to prevent recurrent 
events from happening. In order to have optimal secondary preventive 
treatment, it is important to know the exact cause of IS, as strokes with differing 
etiologies are treated in different ways. As with acute treatment and primary 
prevention of IS, very few trials address secondary prevention in solely young 
adults after first-ever, or after recurrent events, even though exposure to 
possible side effects of drugs or therapeutic interventions can occur in young 
adults for a much longer time due to their longer life span ahead than in older 
patients. There is also speculation on whether such subgroups of patients, 
which lack traditional stroke risk factors, need long-term secondary preventive 
medication, as they have less recurrent events than patients with more such 
risk factors (Naess et al 2005c). As there is a lack of specific guidelines 
targeted at the young stroke population, the common guidelines are used 
(ESO Writing Committee 2008, Kernan et al 2014). 

Antihypertensives. Regarding hypertension, one meta-analysis including 
61 observational studies with adults without previous cardiovascular disease 
(CVD), concluded that at ages 40-69 years, each decrease of 20 mmHg of 
systolic BP, or around 10 mmHg of diastolic BP, was associated with more 
than a twofold decrease in stroke death rate, and that those aged 40-49 years 
benefited from BP reduction more than any older group did (Lewington et al 
2002). In the eleven big trials studying secondary prevention after IS with 
antihypertensives, the mean age of patients was high, 59 to 76 years 
(Schrader et al 2005, Liu et al 2009). In an Italian multi-center observational 
young stroke study, discontinuation of antihypertensives was associated with 
a higher risk of composite events including IS, TIA, myocardial infarction (MI), 
or other arterial events (Pezzini et al 2014). 

According to current guidelines for secondary stroke prevention, lifestyle 
changes recommended with Class IIa; Level of Evidence (LOE) C, in lowering 
BP after IS include salt restriction, weight loss, increased dietary intake of 
fruits, vegetables, and low-fat dairy products, regular aerobic physical activity, 
and limited alcohol consumption (Kernan et al 2014). Antihypertensives are 
indicated after IS or TIA after first several days with BP values ≥140 mmHg 
systolic or ≥90 mmHg diastolic (Class I, LOE B) (Kernan et al 2014). The 
choice of antihypertensive should be individualized on the basis of 
pharmacological properties, mechanism of action, and consideration of patient 



characteristics (Class IIa, LOE B). For patients with a lacunar stroke, target 
systolic BP <130 mmHg might be reasonable (Class IIb, LOE B). 

Antithrombotics. Guidelines recommend starting aspirin (Class I, LOE A), 
an aspirin/dipyridamole combination (Class I, LOE B), or clopidogrel (Class 
IIa, LOE B) for ISs caused by other than CEH (Kernan et al 2014). In case of 
nonvalvular AF, vitamin K antagonist (VKA) (Class I, LOE A), apixaban (Class 
I, LOE A), dabigatran (Class I, LOE B), or rivaroxaban (Class IIa, LOE B) are 
indicated. Also, edoxaban can be used for nonvalvular AF (Chen et al 2015). 
In case of mechanical aortic or mitral valve, VKA therapy is indicated with a 
target INR level of 2-3 (Class I, LOE B) and 2.5-3.5, respectively (Class I, LOE 
C), and adding aspirin 75 to 100 mg/day for those at low risk of bleeding is 
recommended (Class I, LOEB). In case of bioprosthetic aortic or mitral valves, 
and a history of IS or TIA before its insertion, long-term aspirin therapy 75-100 
mg/day is recommended (Class I, LOE C). With specific hypercoagulable 
states, anticoagulation therapy might be considered depending on the 
abnormality and clinical circumstances (Class IIb, LOE C), the same applying 
for antiphospholipid antibody syndrome (Class IIb, LOE C).  

In ISs caused by cervical artery dissection, CADISS trial found no 
difference in the incidence of recurrent events, death, or serious adverse 
events at 3 months follow-up with anticoagulant versus antiplatelet therapy 
(CADISS trial investigators 2015). In Finland, we usually start treatment with 
an oral anticoagulant in cases of cervical artery dissection for the first six 
months and then repeat the imaging studies and decide the following 
treatment on the basis of imaging findings (Current Care Guideline 2016).  

A very recent NAVIGATE ESUS trial including 7213 ESUS patients with a 
mean age of 67 years, who were randomly assigned for rivaroxaban or aspirin 
therapy, found no difference in the risk of having recurrent strokes or systemic 
embolisms (HR 1.1; 95% CI 0.9-1.3), or in the risk of recurrent stroke alone 
(HR 1.1; 95% CI 0.9-1.3) between the two groups, but rivaroxaban use was 
associated with an increased risk of major bleeding (HR 2.7; 95% CI 1.7-4.4) 
during the median 11 months follow-up (Hart et al 2018).  

Cigarette smoking. Many studies support the association between 
smoking and an elevated risk for first IS in a dose-response manner, but large-
scale studies addressing the association between smoking and recurrent 
strokes are sparse, and are limited to the elderly (Kernan et al 2014). Still, it is 
reasonable to advise patients with IS to quit both active (Class I, LOE C) and 
passive (Class IIa, LOE B) smoking.  

Diabetes. We lack trials addressing secondary prevention of stroke in 
diabetic patients, and so the guidelines are based on trials in nonstroke or 
mixed populations. However, at least two studies indicate that diabetes 
(Putaala et al 2011d), or diabetes and impaired glucose metabolism (Rutten-
Jacobs et al 2014), are associated with recurrent vascular events in young 
patients with IS. Guidelines recommend screening actively for diabetes (Class 
IIa, LOE C) and treating diabetic patients according to regular guidelines on 
diabetes (Class I, LOE B) (Kernan et al 2014).  



Endarterectomy. In the studies assessing the outcome of patients 
undergoing carotid endarterectomy, 49% of patients were under 65 years 
(Rothwell et al 2003), with mean ages varying from 62-66 years (Mayberg et 
al 1991, Barnett et al 1998, ECST 1998). Guidelines recommend extracranial 
carotid endarterectomy for patients with severe (70-99%; Class I, LOE A) or 
moderate (50-69%; Class I, LOE B) carotid artery stenosis with corresponding 
symptoms (carotid TIA, amaurosis fugax or brain infarction) and with 
perioperative morbidity and mortality risk being <6% (Kernan et al 2014).  

Fabry disease. Patients with Fabry disease are treated with agalsidase 
enzyme replacement therapy, but there is no evidence of the effect of 
agalsidase on the prevention of stroke or TIA in general (HR=2.1; 95% CI 0.4-
10.2), and no data on its effect in preventing solely recurrent events (Wyatt et 
al 2012). 

Heavy alcohol intake. Based on primarily studies in primary prevention of 
stroke, heavy drinkers should decrease their alcohol intake after IS (Class I, 
LOE C) (Kernan et al 2014).  

Lipid-lowering treatment. One randomized clinical trial on secondary 
prevention of stroke with statin therapy, randomized stroke or TIA patients 
aged over 18 years for atorvastatin 80 mg daily versus placebo, and a 
subgroup analysis showed a reduction of fatal or nonfatal stroke by 26% in 
patients younger than 65 years and by 10% in elderly patients ≥65 years 
(Chaturvedi et al 2009). In a prior study among HYSR patients with cryptogenic 
IS, those who were on statin therapy post-stroke (n=72) had lower rates of 
recurrent vascular events after a mean follow-up of 9.0 years than those not 
taking statins (n=143) (Putaala et al 2011b). Guidelines recommend statins 
after IS or TIA of atherosclerotic origin with LDL-C ≥ 100 mg/dL (Class I, LOE 
B) and with LDL-C level <100 mg/dL (Class I, LOE C), and lifestyle changes 
and statin treatment as the ACC/AHA guidelines recommend for patients with 
additionally another clinical atherosclerotic cardiovascular disease (Class I, 
LOE A) (Kernan et al 2014, Stone et al 2014).  

Migraine. After IS, it is recommended not to use triptans or ergotamins for 
migraine because of their vasoconstrictive properties (Singhal et al 2013). 

Oral contraceptives and hormonal replacement therapy. Guidelines 
recommend that patients with IS stop using estrogen-containing birth control 
and hormonal replacement therapy (Bushnell et al 2014).  

PFO closure. Originally, three randomized trials evaluated the safety and 
efficacy of PFO closure after cryptogenic IS or TIA compared with medical 
treatment; CLOSURE1 (Furlan et al 2012), PC-trial (Meier et al 2013), and 
RESPECT-trial (Carroll et al 2013). A Cochrane analysis assessing these 
three trials did not find a statistically significant risk reduction in recurrent 
stroke or TIA, but the intervention arm had an increased risk of new-onset AF 
(Li et al 2015). A subsequent meta-analysis, analyzing individual patient data 
of the same trials, found that PFO closure reduced the risk of stroke, and of 
combined risk of stroke, death, and TIA in the adjusted, but not the unadjusted 
analysis (Kent et al 2016). Thus, the current guidelines only recommend PFO 



closure in carefully selected patients such as in cases of PFO with deep 
venous thrombosis (DVT) and simultaneous IS (Kernan et al 2014).  

However, since then three new studies addressing the superiority of PFO 
closure compared with medical treatment have emerged (Mas et al 2017, 
Saver et al 2017, Sondergaard et al 2017). In the CLOSE trial, in patients with 
a history of a recent cryptogenic IS attributed to PFO with an associated atrial 
septal aneurysm or large interatrial shunt, the rate of stroke recurrence was 
lower among those with PFO closure combined with antiplatelet therapy than 
in those assigned to antiplatelet therapy alone (HR 0.03) (Mas et al 2017). In 
the long-term follow-up (median 6 years) of the original RESPECT trial, PFO 
closure was associated with a lower rate of recurrent ISs than medical therapy 
alone (HR 0.31) (Saver et al 2017). Also, the REDUCE trial concluded that in 
patients with PFO and cryptogenic IS, the risk of subsequent IS during a 
median 3-year follow-up was lower in the PFO closure group using antiplatelet 
therapy compared with those using only antiplatelet therapy (HR 0.23) 
(Sondergaard et al 2017). However, there were serious device-related 
complications (1.4%) and AF (6.6%) in the intervention arm. A recently 
published further meta-analysis with the five different randomized trials 
included, concluded that PFO closure significantly lowered the risk of recurrent 
stroke compared with medical therapy (relative risk [RR] 0.48) for patients with 
cryptogenic stroke, with a number needed to treat 10.5 (Smer et al 2018). Still, 
AF occurred more commonly in patients with PFO closure performed (RR 
4.55). 

Sickle cell disease. Chronic blood transfusions, with a target hemoglobin 
S to <30% of total hemoglobin, are recommended for patients with sickle cell 
disease and a history of IS or TIA (Class I, LOE B). The Stroke Prevention 
Trial in Sickle Cell Anemia (STOP) is one of the few randomized clinical trials 
done for the pediatric population (Adams et al 1998), and was done for primary 
stroke prevention, but is applied for secondary stroke prevention guidelines as 
well (Kernan et al 2014). 

Weight loss, dietary modification, and physical activity. Interestingly, 
one cross-sectional study including stroke patients aged 25 or older, showed 
that higher BMI after stroke was associated with a greater risk of all-cause and 
cardiovascular death among younger (especially those under 50 years), but 
not in older patients over 70 years of age (Towfighi et al 2009). Guidelines 
recommend screening for obesity with measurement of body mass index 
(Class I, LOE C), as well as referring patients with signs of undernutrition for 
individualized nutritional counseling (Class I, LOE B). The role of diet in 
secondary stroke prevention remains understudied (Dearborn et al 2015), 
especially in young adults, and could be of major potential. It is recommended 
to lessen sodium intake and follow a Mediterranean-based diet rather than a 
low-fat diet (Class IIa, LOE C) (Kernan et al 2014). In a case-control study 
from Northern Manhattan with patients aged over 39 years, the protective 
effect of physical activity in primary prevention of IS was seen in both younger 
(<65 years) and older (≥65 years) patients (Sacco et al 1998). It remained 



significantly protective even after adjusting for confounding factors cardiac 
disease, peripheral vascular disease, hypertension, diabetes, smoking, 
alcohol use, obesity, medical reasons for limited activity, education, and 
season of enrollment. Although this has not been studied in patients already 
having had a stroke, the guidelines still recommend regular physical aerobic 
activity at least three to four times per week also in secondary prevention 
(Class IIa, LOE C) (Kernan et al 2014). 

2.1.8 REHABILITATION 
 
A Cochrane review on multi-disciplinary rehabilitation for acquired brain injury, 
including traumatic brain injury, diffuse acquired brain injury, stroke and other 
causes, in patients aged 16 to 65 years, showed with strong evidence that 
patients with mild injury made a good recovery when appropriate information 
was given, without the need for specific interventions (Turner-Stokes et al 
2015). However, in moderate to severe injury, there was strong evidence for 
formal intervention, but limited evidence for early rehabilitation. Again, there 
was strong evidence that patients with moderate to severe injury benefited 
from more intensive programmes and moderate evidence that continued 
outpatient therapy helped to sustain results in early post-acute rehabilitation.  

Physical therapy. In one randomized clinical trial including patients 18 
years with hemorrhagic or ischemic stroke, very early mobilization within 24 
hours of stroke onset was associated with poorer outcome at 3 months 
compared with usual care (OR 0.7), with around 30% of patients younger than 
65 years in both treatment arms (AVERT Trial Collaboration group 2015). One 
systematic review found that physical fitness training, high intenstity therapy, 
and repetitive task training aided walking speed (Langhorne et al 2009). 
Another review concluded that moderate evidence shows a favorable effect of 
constraint-induced movement therapy, mental practice, mirror therapy, 
interventions for sensory impairment, virtual reality, a relatively high-dose 
repetitive task practice, and unilateral arm training for improving upper limb 
function after stroke, although there was a lack of high-quality RCTs in this 
field of research (Pollock et al 2014).  

Occupational therapy. A systematic review including 149 studies showed 
that repetitive task practice, constraint-induced or modified constraint-induced 
movement therapy, strengthening and exercise, mental practice, virtual reality, 
mirror therapy, and action observation improve upper-extremity function, 
balance, mobility, activity, and participation in occupational performance 
(Nilsen et al 2015).  

Speech therapy. A Cochrane review including 57 RCTs, concluded that 
there is evidence of the effectiveness of speech therapy for improving 
functional communication, reading, writing, and expressive language 
compared with no therapy (Brady et al 2016). Also, this study concluded that 
there is some evidence that high-intensity or high-dose therapy, or therapy 



over a prolonged period might be beneficial, but high-intensity and high-dose 
interventions might not be beneficial for all. 

Cognitive therapy. One Cochrane analysis with a mean age of patients 
<65 years, included six RCTs with no statistically significant effect of cognitive 
rehabilitation for persisting effects on attention, global attention, other 
attentional domains, or functional outcomes (Loetscher et al 2013). However, 
there was a statistically significant effect on the immediate effects of divided 
attention.  

One systematic review on rehabilitation for improving driving skills after all 
types of stroke included four trials with a total of 245 participants aged 16 years 
or over (mean ages 54 to 69 years), but the sample sizes in these studies were 
too small, and interventions, controls and outcome measures varied, so no 
pooling of data could be performed (George et al 2014). There was limited 
evidence for using a driving simulator to improve visuoconstructive abilities 
such as road sign recognition.  
 

 

 

 

3. 
 



2.2 LONG-TERM RISK OF DEATH AND 
CARDIOVASCULAR EVENTS 

2.2.1 MORTALITY 
 
In 2013 according to the Global Burden of Disease Study, globally there were 
435 972 IS deaths among young adults aged 20-64 years, most of which 
occurred in the developing countries, namely 356 408 cases (Krishnamurthi et 
al 2015). For comparison, globally there were altogether 3 272 924 deaths 
from IS in 2013 (Feigin et al 2015). The highest death rates for young adults 
were seen in South and East Asia, and the lowest ones in Australia and New 
Zealand (Krishnamurthi et al 2015). The death rates increase with age, also in 
the younger patient population (Krishnamurthi et al 2015, Feigin et al 2015). A 
study from the US including 502 036 hospital admissions (8.9% of patients 
<50 years) in 1256 hospitals, found that older patients were more likely to die 
in hospital compared with younger patients, with a HR of 1.3 for each 10-year 
increase, adjusted for potential confounders (Fonarow et al 2010). 

One Swedish registry-based study including 17 149 cases of IS found that 
the 4-year mortality risk decreased by 32% in men and by 45% in women aged 
19-54 years who had survived ≥28 days after first IS from 1987-1991 to 2002-
2006 (Giang et al 2013). However, there was no improved survival between 
1997-2001 and 2002-2006 in men. In total, there were 1265 deaths among 
these young patients during the whole period of time. 

The cumulative mortality rates after IS in young adults differ between 
studies due to differing exclusion criteria (some studies excluding patients who 
died within 30 days from the index event, whereas some included also TIA 
patients), different study designs (hospital-based versus population-based), 
and different decades of patient recruitment, resulting in varying treatment and 
secondary preventive strategies, differing definitions of initial strokes, and 
different imaging techniques used. Also, the ways that deaths have been 
recorded vary from one country to another. The one-month case-fatality is 
around 0.8-3.6% after IS (Naess et al 2002, Putaala et al 2009a, Spengos et 
al 2010, Rutten-Jacobs et al 2013a), 0.9% after IS or TIA (Greisenegger et al 
2011), and 0.4% after TIA (Rutten-Jacobs et al 2013a). The average annual 
mortality is highest during the first year after IS (1.9-6.3%), and it decreases 
thereafter to around 0.5-2.4%, depending on the study (Bogousslavsky et al 
1987, Marini et al 1999, Leys et al 2002, Varona et al 2004, Yeh et al 2004, 
Waje-Andreassen et al 2007b, Putaala et al 2009a, Greisenegger et al 2011, 
Rutten-Jacobs et al 2013a).  

Table 4 shows the long-term cumulative mortality rates and factors 
associated with mortality as reported in different cohort studies.  Factors 
associated with lower mortality include dissection of extracranial arteries, 



stroke associated with classical migraine, hypercholesterolemia, and the 
presence of normal life at discharge (Varona et al 2004). In addition, the use 
of adjusted-dose oral anticoagulation after stroke was associated with lower 
vascular mortality, but not with all-cause mortality in the Spanish study. In our 
HYSR study, ESUS patients had the lowest 15-year risk of all-cause mortality, 
9.5% (95% CI 4.0-15.1), compared with other etiologic subgroups, namely 
LAA, CEH, SVO, other, and undetermined etiology (Martinez-Majander et al 
2018). 

Young adults with IS have an increased risk of death compared with the 
general population even years after the index event. The numbers vary 
according to used statistical techniques, populations, and years followed. One 
study including patients aged 15-44 years with a first-ever TIA and IS admitted 
to 7 departments of neurology in Italy reported that the mortality was 
significantly higher among patients than in the general population matched 
with age and sex, with a standardized mortality ratio (SMR) of 14.5 for IS 
patients and of 7.9 for TIA patients during a mean 8 years follow-up (Marini et 
al 1999). Thereafter, in a Swedish registry-based study, the four-year SMR 
from 1987 to 2006 for patients aged 18-54 years was eight and from 2002 to 
2006 the mortality ratio was almost six for both sexes (Giang et al 2013). The 
SMR was higher in women (12) than in men (9) aged 18-44 years. The SMR 
was highest in the younger age group (18-44 years) of patients in both men 
and women compared with the general population. A Dutch study found that 
those who survived over 30 days after the index event had four times higher 
cumulative mortality than in the general population, even 20 years after IS 
(Rutten-Jacobs et al 2013a). In HYSR, the 5-year standardized mortality ratio 
for 30-day survivors after IS was four during a mean 10-year follow-up (Aarnio 
et al 2014b). 

The reasons for death in young IS 30-day survivors are vascular in origin 
in around 50-60% of cases (Putaala et al 2009a, Rutten-Jacobs et al 2013a, 
Giang et al 2013), namely IS in around 10-15% of cases, hemorrhagic stroke 
in around 5 % of cases, cardiac causes in around 20-30% of cases, and other 
vascular causes in the rest (5-10%) of the cases. Similarly, malignancies 
constitute around 12-20%, infections around 9-16%, and miscellaneous 
causes around 10-20% of causes of death (Putaala et al 2009a, Rutten-
Jacobs et al 2013a). There seems to be gender-specificity in the causes of 
death, as among women only less than 40% of all deaths were related to CVD, 
but among men 50% of deaths were cardiovascular and especially owing to 
coronary heart disease (Giang et al 2013). Similarly, in women almost 30% of 
deaths were related to malignancies, while only 15% of deaths in men were 
related to cancer. The 20-year cumulative mortality was 5.3% for stroke, 9.6% 
for other vascular cause, 6.4% for cancer, and 4.4% for other miscellaneous 
causes in a Dutch study with both IS and TIA patients included (Rutten-Jacobs 
et al 2015). 
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2.2.2 RISK OF RECURRENT STROKE 
 
After first-ever IS, secondary preventive medication is started in order to 
prevent the occurrence of future recurrent events. A Swedish study including 
all first-ever IS patients aged 18-54 years from Sweden found that the risk of 
recurrent IS declined by 55% in men and by 59% in women from 1987-1991 
to 2002-2006 (Giang et al 2016). The recurrence rate of IS was highest within 
the first few months after the index event, and decreased thereafter for the first 
2 years after the index event, after which the rate remained relatively stable. 

Other studies have found that the first-year rate of recurrent ischemic or 
hemorrhagic stroke after IS in young adults varies from 2.8 to around 4.3% 
(Marini et al 1999, Varona et al 2004, Rutten-Jacobs et al 2013b), and the 
average annual incidence rate is thereafter around 0.1-3.0% during the 
following 10-20 years (Marini et al 1999, Varona et al 2004, Rutten-Jacobs et 
al 2013b, Arntz et al 2016). The cumulative risk of nonfatal or fatal ischemic 
stroke at one year after IS was 3.0% in the HYSR cohort (Putaala et al 2010), 
and 3.2% in the Italian Project on Stroke in Young Adults (Pezzini et al 2014). 
A population-based study from Norway estimated that 2% of patients had a 
recurrent ischemic stroke at one year from the index event (Naess et al 
2004b). The first-year risk of stroke was 0.0% after TIA in an older multi-center 
Italian study (Marini et al 1999), but nearly an estimated 4% in a more 
comprehensive and recent Dutch study (Rutten-Jacobs et al 2013b).  

The Dutch study found that the annual risk of recurrent IS was around 1-
2% at four-year time intervals from 2 to 25 years follow-up (Arntz et al 2016). 
For patients with LAA, SVO or undetermined causes underlying their index IS, 
the rate of stroke recurrence was greater, 8.7%, during the first year, and 1.2% 
during the following 2 years (Yeh et al 2004). The cumulative four-year risk of 
recurrent IS in the Swedish study was 11.8% for men and 9.8% for women in 
the period from 2002 to 2006 (Giang et al 2016). Table 5 shows the different 
long-term cumulative rates of recurrent events at different time intervals after 
the index event as reported in different studies. These risks are much higher 
for certain subpopulations, as the 10-year cumulative rate of recurrent IS was 
40.9% for patients with type 1 diabetes mellitus (T1DM), 29.7% for patients 
with type 2 diabetes mellitus (T2DM), and only 12.0% for patients without 
diabetes (Putaala et al 2011d). 

Recurrent strokes are mostly ischemic (88.6%), and rarely hemorrhagic 
(9.8% ICH, 1.5% SAH) in origin (Aarnio et al 2014a). The etiology of the 
recurrent ischemic event was only the same as during the first event in around 
35% of patients in a study among older patients with a mean age of 72 years 
(Wolf et al 2013). Similar large-scale studies in younger patient populations 
are lacking. In a small sample of HYSR, in 110 patients with recurrent IS 
appearing during a mean 9 years from the index event, no statistically 
significant differences emerged between the etiologies of first-ever and 
recurrent stroke of definite atherosclerosis (16% vs. 15%), small-vessel 



occlusion (16% vs. 23%), cardioembolism (11% vs. 13%), or other determined 
etiology (14% vs. 13%) (Martinez-Majander et al 2015). 

Factors associated with recurrent stroke include the etiology of IS being 
atherothrombotic (Varona et al 2004, Putaala et al 2010, Rutten-Jacobs et al 
2013b), cardioembolic, and lacunar compared with undetermined etiology 
(Rutten-Jacobs et al 2013b), patients having increasing number of traditional 
risk factors and predisposing genotypes (prothrombin, factor V or 
methylenetetrahydrofolate reductase  gene mutations) (Varona et al 2004, 
Pezzini et al 2009, Putaala et al 2012a), migraine with aura, family history of 
stroke, antiphospholipid antibodies, and discontinuation of antihypertensive 
and antiplatelet medications (Pezzini et al 2014), past history of coronary heart 
disease and stroke (Yeh et al 2004), past history of TIA (Nedeltchev et al 2005, 
Putaala et al 2010), increasing age (Varona et al 2004, Putaala et al 2010), 
stroke located in the carotid territory (Varona et al 2004), T1DM (Putaala et al 
2010), multiple silent brain infarcts (Putaala et al 2011c), and high acute-phase 
BP levels (Mustanoja et al 2016).  

ESUS patients had a lower 15-year risk of recurrent stroke (19.5%) 
compared with patients with LAA (55.0%) and CEH (26.6%) underlying the 
index IS, but higher than patients with other etiology of the index IS (11.9%) 
(Martinez-Majander et al 2018). Also, the CADISS trial concluded that there 
were very few patients (2%) with recurrent strokes during the first 3 months 
after IS or TIA due to cervical artery dissection (CADISS trial investigators 
2015).
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2.2.3 RISK OF OTHER CARDIOVASCULAR EVENTS 
 
Risk of myocardial infarction and other arterial events. The risk of MI or 
other major arterial events is generally smaller than the risk of recurrent stroke, 
and again the risk of peripheral arterial events smaller than the risk of MI. In a 
Norwegian population-based study, the estimated number of first-ever MI was 
1% at one year, 3% at 5 years, and 8% at 10 years from IS (Naess et al 2004b). 
In another Norwegian study, during a mean 12-year follow-up, there were 54 
of 144 ischemic stroke patients who had a recurrent stroke (26.4%), coronary 
artery disease (13.2%), or peripheral artery disease (11.8%) versus 14 of 167 
controls having such an event, the difference being statistically significant 
(Waje-Andreassen et al 2007a).  

In an Italian study, the cumulative risk of MI or other arterial events at 1 
year from IS was around 0.5%, and it increased up to around 0.7% at 5 years, 
remaining somewhat stable thereafter (Pezzini et al 2014). Patients whose IS 
were caused by LAA had over four times increased risk of IS, TIA, MI, or other 
arterial thrombotic events at 10 years from the index event compared with 
patients with nonatherosclerotic vasculopathies, but without a clear statistical 
significance between the different TOAST categories (P=0.06). A total of 200 
patients (10.7%) discontinued the use of at least one medication prescribed at 
hospital discharge following IS. Migraine with aura, family history of stroke, 
antiphospholipid antibodies, and discontinuation of antihypertensive and 
antiplatelet medications, were independently associated with the risk of 
composite event.  

In our HYSR cohort, the 5-year risk of nonfatal or fatal MI or 
revascularization procedure was somewhat higher than in the Italian cohort, 
namely 2.4% (Putaala et al 2010). Similarly, the cumulative 10-year rate for 
MI, any stroke, revascularization or vascular death was 65.1% for patients with 
T1DM, 46.9% for patients with T2DM, and 19.3% for patients without diabetes 
(Putaala et al 2011d). The number of well-documented risk factors was 
associated with a higher risk of MI and other noncerebrovascular events with 
a HR of 16.4 for ≥4 well-documented risk factors, after adjustment for 
demographics and stroke etiology (Putaala et al 2012a). On the contrary, in a 
HYSR study including 215 patients with cryptogenic stroke, patients who used 
statins had a reduced risk of stroke, MI, other arterial thrombosis, 
revascularization, or vascular death compared with those without statins, with 
a HR of 0.2, adjusted for demographics, other risk factors, stroke year, and 
propensity score (Putaala et al 2011b). 

In a subsequent HYSR study, 26.4% of 690 patients followed for a median 
8.8 years experienced any cardiovascular event and there were several 
electrocardiogram (ECG) parameters that were associated with recurrent 
cardiovascular events: a broader QRS complex, P-terminal force, left 
ventricular hypertrophy, and bundle-branch block (Pirinen et al 2016). Within 



the same cohort, ESUS patients had a 23.9% cumulative 15-year and a 1.8% 
average annual risk of any cardiovascular events (Martinez-Majander et al 
2018). 

In a Dutch study, among 161 young IS and TIA patients, they found on 
average 11 recurrent composite events including IS, TIA, pulmonary embolism 
(PE), DVT, and MI during 100 person-years of follow-up (Bos et al 2005). 
However, no PE or peripheral arterial events emerged. They found that a 
higher plasma homocysteine level was associated with a higher risk of 
composite events.  

In the FUTURE study from Nijmegen, after a mean follow-up of 10.1 years 
after IS or TIA, and after adjusting for age, sex, and follow-up duration, patients 
with diabetes (OR 3.5) and impaired fasting glucose (OR 2.5) were more likely 
to have experienced any vascular event (stroke, MI, cardiovascular 
procedures) compared with patients with normal fasting blood glucose levels 
(Rutten-Jacobs et al 2014). In the same cohort, they found a cumulative 20-
year risk of stroke, MI or cardiac or peripheral arterial revascularization 
procedures of 32.8% after IS. Male sex and increasing age were associated 
with other arterial events (MI and cardiovascular procedures) but not with 
recurrent stroke (Rutten-Jacobs et al 2013b). Similarly, in the same cohort with 
very long-term follow-up, the 25-year risk of other arterial events (MI, coronary 
artery bypass grafting, percutaneous coronary intervention, carotid 
endarterectomy or peripheral artery revascularization procedure) was 27.0% 
among patients with a history of TIA or IS (Figure 3) (Arntz et al 2016). 
Smoking, poor kidney function, history of peripheral arterial disease, and 
cardiac disease were independently associated with recurrent arterial events, 
when adjusted for age, diabetes, and alcohol consumption.  

Risk of venous events. Little is known about the risk of future venous 
events after arterial events, and especially IS. As already discussed above, 
Bos et al did not find any PE and only 2 DVTs after TIA and IS in the young 
during 100 person-years of follow-up (Bos et al 2005). In a Swedish study with 
23 796 autopsies, they found an increased risk of venous thromboembolism 
in patients with fresh arterial thrombosis of the aorta, coronary artery, cervico-
cranial artery, visceral artery, and iliacofemoral artery, with an OR of 1.4 
compared with those without such thrombosis, adjusted for gender and age 
(Eliasson et al 2006). Interestingly, also solely patients with cervico-cranial 
thrombosis had an excess risk compared with patients without arterial 
thrombosis, with an OR of 1.4 for venous thromboembolism, OR of 1.7 for 
proximal DVT, and an OR of 1.3 for PE, when adjusted for gender and age. 
The incidence rates of venous thromboembolism in relation to distribution of 
arterial thrombosis are shown in Figure 4.   



 Cumulative risks of a) any ischemic event; b) brain ischemia, and c) other arterial 
events after TIA or IS in young adults. Data by Arntz, R.M., Alebeek, M.E., 
Synhaeve, N.E., Pamelen, J., Maaijwee, N., Schoonderwaldt, H., van derVlugt, 
M.J., van Dijk, E.J., Rutten-Jacobs, L.C.A., de Leeuw, F.E. The very long-term risk 
and predictors of recurrent ischaemic events after a stroke at a young age: The 
FUTURE study. European Stroke Journal. 2016; 1(4): 337-345. Copyright © 
European Stroke Organisation 2016. Reprinted by Permission of SAGE 
Publications, Ltd. 

 

 

 
 
 
 
 
 
 
 

  



 Incidence rates of venous thromboembolism in relation to distribution of arterial 
thrombosis (AT) at autopsy (data from Eliasson et al 2006). Reprinted with 
permission from John Wiley and Sons, Inc.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
AT= arterial thrombosis; VTE= venous thromboembolism. 

 

 

 

 

 



2.3 CANCER AND ISCHEMIC STROKE 

Trousseau already in 1865 observed a connection between cancer and 
venous thromboembolism (Trousseau 1868), and thereafter connections 
between cancer and arterial thrombosis have been suggested (Graus et al 
1985).  

Suggested mechanisms by which cancer can be a risk factor or a cause of 
IS are shown in Figure 5. A benign tumor, such as cardiac myxoma, can also 
be a cause of cerebral infarction (Reynen et al 1995). Although rare, cardiac 
myxomas are the most common type of cardiac tumors. They can be 
diagnosed with echocardiography or CT/MRI, and should be removed 
surgically, after which the prognosis is usually good. 

Cancer and IS have common risk factors, such as smoking (Boyle et al 
1997), obesity, and heavy drinking (Baena et al 2014, Meschia et al 2014). 
According to an old study from the 1980’s, cerebrovascular disease was 
present in 15% of 3426 autopsies performed for patients with cancer, and 7% 
of these patients, meaning 51%, had had symptoms related to stroke during 
their lifetime (Graus et al 1985). However, as cancer therapies have improved 
and patients survive longer, these numbers may well have risen from that time. 
One large epidemiological study with 279 719 pairs of patients with cancer and 
matched controls found a cumulative 6-month incidence of 3.0% for IS in 
cancer patients and 1.6% in controls, and this incidence was especially high 
in lung cancer patients, with a cumulative 6-month incidence of 5.6% (Navi et 
al 2017). At one year from cancer diagnosis, the cumulative incidence of IS 
was similarly 4.3% for cancer patients and 3.1% for controls, and again at 2 
years the risk was 6.1% for cancer patients and 5.8% for controls, the risk 
attenuating thus somewhat over time. Thus, either cancer itself or cancer 
therapies might trigger this excess risk (Yeh et al 2017). Another nationwide 
Swedish study reported that with 820 491 patients with a diagnosis of cancer 
the standardized incidence ratio (SIR) of IS (the reference population being 
the total population of Sweden without cancer) during the first six months after 
cancer diagnosis was 1.6 (Zöller et al 2012). Similarly, the SIR decreased but 
remained relatively stable thereafter, being 1.1 over ten years from cancer 
diagnosis. Interestingly, there were several cancer types that the authors 
considered as unrelated to cigarette smoking, including small intestine, colon, 
breast, prostate, and melanomas, that were still associated with an increased 
risk of IS during the first six months from cancer diagnosis. Also, the risk of IS 
was higher in cancer patients with metastases compared with those without. 

On the contrary, in a community-based Norwegian study, there was a 
higher prevalence of prior cancer in IS patients compared with the general 
population in those aged less than 70 years, and also in the age group of 
patients 15-49 years (Selvik et al 2014). Prior cancer was independently 
associated with cardioembolic origin of IS, higher age, and smoking. However, 
after adjusting for blood fibrinogen levels, cardioembolic strokes were no 
longer associated with prior cancer. A more recent study within the same 



Norwegian Stroke Research Registry showed that increased D-dimer levels, 
lower hemoglobin, smoking, and suffering a stroke of undetermined etiology, 
were independently associated with active cancer in a population with both 
older and younger IS patients (Selvik et al 2018). In the same study, they also 
constructed a prediction model, with point scoring for elevated D-dimer ( 3 
mg/L), lower hemoglobin ( 12.0 g/dL), and previous or current smoking, 
resulting in an area under the curve of 0.7 in patients younger than 75 years 
of age. Similarly, a Korean study found that among 348 cryptogenic IS cases 
(mean age 61 years), 20.4% of these had active cancer at the time of stroke, 
with higher D-dimer levels (OR 1.1), and with multiple ischemic lesions in 
multiple vascular territories (OR 7.1) being independently associated with 
cancer-related stroke (Kim et al 2012). 

One nationwide Swedish register-based study including 2599 both 
ischemic and hemorrhagic stroke patients aged 15-44 years, found an 
association with neoplasms and stroke patients, with an OR of 1.5 compared 
with controls, after adjustment for age, sex, and all other ICD-10 chapter 
diagnoses included into the study (Bergman et al 2015). Patients with IS had 
the same association as the whole cohort did. Accordingly, a Chinese study 
with 1105 IS patients with a mean age of 72 years, found that previous cancer 
(HR 2.4) was independently associated with recurrent stroke, together with 
increasing age and AF (Lau et al 2014).  

However, one might also hypothesize that with an increasing prevalence 
globally of IS in young adults aged 20-64 (Krishnamurthi et al 2015), and with 
cancer being a common disease in the general population (Torre et al 2015), 
a stroke occurring in a patient with cancer or vice versa could also be a mere 
coincidence rather than a cancer-related stroke.   



 Ischemic stroke mechanisms linked with malignancy (Darmody et al 1967, Feinberg 
et al 1988, Graus et al 1985, Klein et al 1989, Chaturvedi et al 1994, Fisher et al 
1998, Di Tullio et al 2002). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  

 

 

 



2.4 REPRODUCTIVE HEALTH 

Physiological changes in pregnancy. Pregnancy itself is associated with 
major alterations in the mother’s physiology. One meta-analysis concluded 
that cardiac output increased up to 31% in the third trimester compared with 
non-pregnant state, heart rate rose up to 24% above non-pregnant values, 
and during the early third trimester the left ventricular mass increased 34% 
above non-pregnant values (Meah et al 2016). Also, plasma volume increases 
around more than one liter compared with non-pregnant conditions, but this 
can be hampered by pregnancy-induced hypertension, pre-eclampsia, or fetal 
growth restriction (De Haas et al 2017). Hypercoagulability consisting of 
increased concentrations of blood coagulation factors, decreased or 
unchanged concentrations of blood coagulation inhibitors, and impaired 
fibrinolysis, increases gradually to prepare for hemostatic challenges of 
delivery, and it returns to the normal state after the early post-partum period 
(Kjellberg et al 1999). Interestingly, it has been reported that childbirth within 
6 years of follow-up was associated with an increased progression of carotid 
intima-media thickness in females compared with males, and this was not 
significantly lowered by the adjustment for changes in cardiovascular risk 
factors (Skilton et al 2010).  

Pregnancy complications and risk for future IS. A Dutch study showed 
that women with three or more pregnancy losses had an increased risk of 
future IS (OR 3.5) in a case-control study with 165 IS cases and 743 controls, 
with women aged 18-50 years, and this was independent of the status of 
antiphospholipid antibodies (Maino et al 2016a). According to its broad 
definition, pre-eclampsia means a rising BP after 20 weeks’ gestation 
exceeding 140/90 mmHg with proteinuria greater than 0.3g/24h (Brown et al 
2001). Women with a history of pre-eclampsia have a RR of 1.8 compared 
with those without a history of pre-eclampsia for having both hemorrhagic and 
ischemic stroke after 10.4 years according to one meta-analysis (Bellamy et 
al 2007). Thus, guidelines recommend evaluating and treating for 
cardiovascular risk factors among women with a history of pre-eclampsia 
(Bushnell et al 2014). Even plain hypertension during pregnancy poses a risk, 
as the hazard for both ischemic and hemorrhagic stroke was increased in 
women with a history of hypertensive pregnancies compared with those with 
normotensive pregnancies (HR 1.9), even after controlling for diagnosis of 
hypertension after age 40 (Garovic et al 2010). Women with gestational 
diabetes have an increased risk (RR 1.7) for CVD including acute MI, stroke, 
coronary artery bypass, coronary angioplasty, or carotid endarterectomy, 
compared with women without gestational diabetes, although subsequent 
development of T2DM accounts for much of this increased risk (Shah et al 
2008). In addition, low birth weight increases the risk for ischemic or 
hemorrhagic stroke as per quintile higher in birth weight was related to HR 0.9 
for stroke of the mother adjusted for parental year of birth, gestational age, 
year of birth, birth order, disease before or during pregnancy of the mother, 



and disease among offspring (Naess et al 2013d). One meta-analysis also 
showed that women with a history of spontaneous preterm delivery had an 
increased risk for nonfatal or fatal stroke over time, with a HR of 1.7 (Heida et 
al 2016). Also, placental abruption and IS share similar risk factors, such as 
smoking and alcohol abuse (Tikkanen et al 2006). 

Risk of IS during pregnancy and puerperium. A recent meta-analysis 
including eleven studies on the risk of stroke during pregnancy and 
puerperium concluded that the pooled estimate for IS was 12.2 per 100 000 
pregnancies (Swartz et al 2017a). Most of the increased risk of IS during 
pregnancy is reported for the peri- and postpartum period. The risk of IS during 
the first six weeks after delivery was 7.1 per 100 000 deliveries in a study using 
claims data on all discharges from non-federal emergency departments and 
acute care hospitals in California (Kamel et al 2014). The risk of IS in women 
of reproductive age (15-44 years) was 5.1 per 100 000 women-years in a 
population-based study without data on fatal events which did not result in 
transfer to a hospital or emergency department (Petitti et al 1997). A 
population-based study from New York assessed age-stratified stroke risk 
during pregnancy and puerperium compared with similar-aged non-pregnant 
women, and found that pregnancy-associated all strokes accounted for 18% 
of strokes in women younger than 35 years, but only 1.4% of strokes in women 
aged 35 to 55 years (Miller et al 2016). 

Another population-based study from UK found that history of migraine, 
gestational diabetes, and preeclampsia or eclampsia were all associated with 
antepartum nonhemorrhagic or hemorrhagic stroke (Scott et al 2012). In a US 
Nationwide Inpatients Sample study, the risk of IS, HS, or cerebral vein 
thrombosis during pregnancy or puerperium was increased when the age of 
the mother was 35-39 years or older, mother being African-American 
compared with white race, the mother having hypertension, heart disease, 
thrombophilia, sickle cell disease, anemia, thrombocytopenia, lupus, diabetes, 
migraine, alcohol and substance abuse, and with the mother smoking (James 
et al 2005). Regarding complications of pregnancy and delivery, pre-
eclampsia and gestational hypertension, postpartum hemorrhage, transfusion, 
postpartum infection, and fluid and electrolyte imbalance, were all significant 
risk factors for pregnancy-and puerperium associated stroke. In an older study 
with 15 non-hemorrhagic strokes occurring during pregnancy and puerperium, 
as much as 47% were related to eclampsia (Sharshar et al 1995). In a 
Taiwanese population-based case-control study (161 pregnancies with any 
type of stroke and 1288 matched control pregnancies), there were no 
significant differences in the risk of preterm birth, or infants with low birth 
weight or being small for gestational age between the two groups (Kang et al 
2010). However, stroke mothers were more likely to have pre-
eclampsia/eclampsia (3.7% versus 1.6%). There were no significant 
differences in the risk of delivery-related complications.  

Future pregnancies after IS. Only small studies exist on the outcome of 
future pregnancies after stroke. In a French study assessing the outcome of 



women with a history of IS (n=373) or cerebral venous thrombosis (CVT) 
(n=68), during a mean follow-up of 5 years, the outcome of 187 pregnancies 
occurring after stroke was similar to that expected from the general population, 
although this study lacked completely direct comparison to a control 
population (Lamy et al 2000). The risk of recurrent stroke was 1.0% within one 
year and 2.3% within 5 years from stroke, and significantly higher during the 
postpartum period (RR 9.7) than during pregnancy (RR 2.2), compared with 
the risk outside of pregnancy. Still, 34% of women were unsatisfied with the 
number of pregnancies after stroke. Of these women, 47% of patients reported 
that potential stroke recurrence was the reason for not having more 
pregnancies after stroke, 39% medical advice against pregnancy, 24% the 
existence of residual deficit, 10% changes in sexual behavior, 9% hypofertility, 
and 3% modification of the family. Other studies have reported that 29% of 
patients with IS or TIA had impaired sexual activity after a mean 13 months 
from the index event (Bugnicourt et al 2014), and a total of 23% of patients 
after a mean 2.6 years from IS, in both sexes (Neau et al 1998). In another 
study with 102 women with TIA, IS, CVT, and ICH, no recurrence of stroke 
was observed during their 32 subsequent pregnancies (Cruz-Herranz et al 
2015).  

Until recently, there was a lack of recommendations on secondary stroke 
prevention in pregnancy. The first such guideline, The Canadian Stroke Best 
Practice Consensus Statement: Secondary Stroke Prevention during 
Pregnancy, was only recently published and is based on the best available 
literature and guided by expert consensus (Swartz et al 2017b). These 
recommendations guide on the general management considerations for 
secondary stroke prevention, but also on management of specific etiologies of 
IS during pregnancy. 

 

 
  

Reproductive health 
Key points 

1. There are major physiological changes in the mother during 
pregnancy including increase in cardiac output and plasma volume, 
and increased concentrations of blood coagulation factors. 

2. Several pregnancy-related complications have been associated with 
pregnancy-related stroke. 

3. There is little quantitative data on the outcome of pregnancies and 
deliveries before and after ischemic stroke. 



2.5 FUNCTIONAL OUTCOME AND DISABILITY-
ADJUSTED LIFE YEARS 

Globally, in adults aged 20-64 years, total disability-adjusted life years 
(DALYs) numbers, which were calculated summing the years lost prematurely 
due to IS and years lived with disability due to IS, increased from 1990 to 2013 
by 37% (Krishnamurthi et al 2015). DALYs increased especially in the 
developing countries.  

Independence in daily activities (mRS 0-2), traditionally been considered a 
favorable outcome after stroke especially among the older patient population, 
does not necessarily mean a good outcome in young IS patients, as young 
adults have many more obligations and tasks at work and in family life than 
older stroke patients do. Thus, a poor outcome in a young stroke survivor is 
sometimes considered to be a mRS 2 (Nedeltchev et al 2005, Waje-
Andreassen et al 2013).  

The short-term outcome in young adults with IS is fairly good compared 
with the older patient population, as the three-month mRS score was two or 
less in 92.1% of young IS patients aged 18-45 and in 88.2% of young IS 
patients aged 18-55 years in a fairly large multicenter Austrian Stroke Unit 
Registry study including 2223 patients with data on functional outcome 
(Knoflach et al 2012). Age was inversely associated with good functional 
outcome in multivariable analysis independent of stroke severity, IVT, sex, risk 
factors, and stroke complications. In a study within the HYSR cohort including 
968 IS patients, almost half of patients (49.5%) had favorable outcome with 
the stricter meaning (mRS 0-1) and four out of five (82.0%) were functionally 
independent (mRS 0-2) at three months from IS (Putaala et al 2013). Another 
HYSR study with 681 young patients reported that both preceding infection 
(OR 2.9) and post-stroke infection (OR 2.3) were associated with mRS 2-6 at 
three months from IS, adjusted for demographics, risk factors, stroke severity 
and subtype, lesion size, and presence of multiple lesions (Heikinheimo et al 
2013). One Spanish study including 310 young IS patients aged 15-50 years, 
found that female gender (OR 3.4) was independently associated with poor 
outcome at hospital discharge (mRS 3-6) after adjusting for demographic data 
and vascular risk factors, previous treatment, IVT, IS etiology, vascular 
territory, stroke severity, length of stay, and systemic and neurological in-
hospital complications (Martinez-Sanchez et al 2011).  

A study from the US including 502 036 hospital admissions (8.9% of 
patients <50 years) in 1256 hospitals, showed that younger patients were 
more likely to be discharged home compared with older patients (adjusted OR 
0.7 per 10-year increase) (Fonarow et al 2010). A total of 42.1% of patients 
aged ≥90 years were discharged to a skilled nursing facility compared with 
5.3% of patients <50 years, and 12.0% of patients aged ≥90 years were 
discharged to a hospice compared with 0.5% of those <50 years. These age 
differences persisted in multivariable analyses adjusted for demographics, 
medical history, hospital size, and type. 



However, at two years from IS, among patients aged <45 years, 21% of 
patients had poor functional outcome (mRS 3-6) (Redfors et al 2012). The 
proportion of patients with poor functional outcome was more frequent among 
ISs related to LAA, cardioembolism, and other/undetermined etiology 
compared with ISs related to small vessel disease. At a mean 2.6 years from 
IS, one small study with 65 patients aged <45 years reported that the Glasgow 
Outcome Scale score was in almost 70% of cases 0-1 (no or minimal 
problems) (Neau et al 1998). The same study found that the NIHSS score, 
absence of depression, and return to work were independently associated with 
a good quality of life.  

After a mean 5.7 years from IS, the Norwegian population-based study 
found that 77.9% of 217 patients had mRS 2 or less (Naess et al 2004b). 
Unfavorable outcome was associated with severe neurological deficits on 
admission and diabetes. Regarding health-related quality of life (HRQoL), a 
Norwegian study found young patients with a mean 6.0 years from IS having 
significantly lower Short-Form General Health Survey scores on physical 
functioning, general health, and social functioning compared with randomly 
selected controls and the general population (Naess et al 2006). Further 
analyses with linear regression showed that fatigue and depression were 
independently associated with low HRQoL. 

In a longer follow-up, after a mean 12 years, the Barthel Index was 100, 
meaning the patient was completely independent, in 74% of IS patients aged 
15-45 years (Varona et al 2004). Contrarily, in a Dutch study, after a mean 
follow-up of 13.9 years, 44.7% of young IS patients had poor functional 
outcome, meaning mRS >2 (Synhaeve et al 2016a). Female sex, increase in 
baseline NIHSS score, and recurrent stroke were significantly associated with 
poor functional outcome. Again, in the Norwegian study, after adjusting for 
age, sex, and alcoholism, mortality was associated with HRQoL as measured 
with the Nottingham Health Profile sum score after a mean follow-up of 12 
years (Naess et al 2013b). 

 

 

Functional outcome and disability-adjusted life years 
Key points 

1. The short-term outcome after ischemic stroke in young adults is 
better than in older patients. 

2. In the long-term, almost 45% of young ischemic stroke survivors 
need some help in their daily activities. 

3. Female sex, increase in NIHSS score at admission, and recurrent 
stroke are associated with poor long-term functional outcome after 
ischemic stroke in young adults. 



2.6 RETURN TO PAID EMPLOYMENT 

Table 6 shows the proportion of patients returning to work after stroke and 
factors associated with return to work as reported in different studies. The 
percentage of patients returning to work varies markedly, due to different study 
designs, with patients with differing ages and stroke subtypes included. 
Hence, a systematic review including 70 studies reported that the proportion 
of patients returning to work after stroke varied from 0 to 100% (Daniel et al 
2009). A more recent systematic review including 29 studies reported that 
return to work increased with time, as 0-6 months post-stroke 41% of patients 
had returned to work, at 1 year 53%, at 1.5 years 56%, and at 2-4 years 66% 
(Edwards et al 2018). However, very few studies have focused on solely 
patients with IS. An older study with 215 young TIA and IS patients, reported 
that 76% of patients who retired did so 2-6 years post-stroke and 14% between 
6-10 years post-stroke (Ferro et al 1994).  

One South-African RCT studying the effect of a workplace intervention 
program on the rate of return to work of previously employed stroke survivors 
aged 18-60 years (n=80) found that at six months after stroke, 60% of stroke 
patients in the intervention group returned to work compared with 20% in the 
control group, addressing the need for intervention programs implemented 
(Ntsiea et al 2015). Also, those who returned to work had better quality of life 
than those who did not. These kinds of multidisciplinary longitudinal care 
programs are needed, as a neurologist might only concentrate on the acute 
needs of a patient, namely etiologic workup, secondary prevention, and 
dysphagia, but may not address pragmatic concerns such as return to work 
strategies, family planning, caregiver role reversals, and social isolation 
(Leung et al 2017).  

Post-stroke cognitive impairment. The number of cognitive deficits was 
associated with return to work six months after IS among 140 patients aged 
18-65 years (Kauranen et al 2013). In a Chinese study with 350 IS patients 
aged 18-45 years, after an average follow-up of 5.8 years, a total of 39.4% of 
these patients still experienced cognitive impairment in a telephone 
assessment. Post-stroke cognition was significantly associated with stroke 
severity on admission, mRS at discharge and at follow-up, left anterior 
circulation syndrome, and stroke recurrence (Huang et al 2015). In the Dutch 
FUTURE study, 50% of 277 IS patients had after a mean follow-up of 11.0 
years below average performance or cognitive impairment in cognitive 
assessment and these patients had a worse cognitive performance in 6 
domains compared with controls, namely processing speed, working memory, 
immediate memory, delayed memory, attention, and executive functioning 
(Schaapsmeerders et al 2013). Patients with a left supratentorial infarction had 
the worst cognitive outcome. Only decline in working memory was associated 
with poor long-term functional outcome (mRS >2) (Synhaeve et al 2015). After 
a mean 11.9 years from IS, 41.0% of patients and 5.4% of controls reported 
memory problems in a Norwegian study (Waje-Andreassen et al 2013).
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2.7 OTHER LONG-TERM CONSEQUENCES 

IS has many consequences other than vascular morbidity and mortality on a 
patient’s life, including different physical and psychosocial consequences.  

Post-stroke pain, spasticity, and other physical consequences. 
Among the HYSR cohort, 5.9% of 824 patients had central post-stroke pain, 
and 29.9% of patients had sensory abnormalities after a median follow-up of 
8.5 years (Harno et al 2014). Central post-stroke pain was associated with 
moderate and severe stroke symptoms, but not with age or stroke etiology. In 
a prospective observational study of a mixed stroke population from Thailand, 
with a mean age of 62 years, a total of 18.3% of patients had spasticity with 
considerable increase in muscle tone, with difficult passive movements or the 
affected part being stiff in flexion or extension, 14.4% of patients had urinary 
incontinence, 15.7% joint contractures, 29.3% shoulder subluxations, 2.6% 
pressure ulcers, and 3.5% dysphagia at one year after stroke (Kuptniratsaikul 
et al 2013). Age >60 years was associated with complications one year after 
discharge (OR 2.1). However, in the ProFess trial, originally studying the 
efficacy and safety of antithrombotic therapy in secondary stroke prevention, 
central post-stroke pain and spasticity/shoulder luxation were associated with 
younger age (O’Donnell et al 2013). 

Post-stroke epilepsy. Among 581 cryptogenic IS patients aged 18 to 55 
years, 2.4% of patients developed early seizures occurring within one week 
from IS, and the risk of first late seizure was 3.1% within one year, and 5.5% 
within three years. Early seizures were associated with mRS ≥3 and cortical 
involvement, and late seizures were associated with early seizures, cortical 
signs, and large infarcts (Lamy et al 2003).  

After a mean follow-up of 9.1 years after IS in 425 patients aged 18-50 
years, the cumulative risk of epilepsy was 16%, and 8% for epilepsy with 
recurrent seizures (Arntz et al 2013). Patients with an initial early seizure, 
namely within one week after IS, less often developed recurrent seizures than 
patients with initial late seizures, occurring after one week from IS. Higher 
NIHSS at admission was associated with the occurrence of epilepsy and 
epilepsy with recurrent seizures. 

In HYSR, early seizures occurred for 3.5% of patients and late seizures 
occurred at a cumulative rate of 6.1% at one year, 9.5% at five years, and 
11.5% at 10 years from IS (Roivainen et al 2013). Anxiolytic use at time of IS, 
moderate stroke severity, cortical involvement, and hyponatremia were 
associated with early seizures, and anterior circulation infarcts, history of early 
seizures, antidepressant use at the time of the initial late seizure, hemorrhagic 
infarct, male gender, and hyperglycemia were associated with late seizures.  

In the long-term follow-up of young IS and TIA patients aged 18-50 years, 
20-year cumulative mortality for patients with epilepsy was 56.5%, and thus 



significantly higher compared with patients without epilepsy, 32.6% (Arntz et 
al 2015). 

Post-stroke mental disorders. In the multi-center European SIFAP study 
with 2007 stroke patients aged 18-55 years, 10.1% of patients had clinically 
relevant depressive symptoms (Beck Depression Inventory ≥18) in the acute 
phase of IS (Tanislav et al 2015).  

Post-stroke depression is common also after the acute phase. After a mean 
follow-up of 6.0 years, 25.0% of IS patients aged 15-49 had mild depression 
(Montgomery-Åsberg Depression Rating Scale [MADRS] =7-19), and 3.6% of 
patients had moderate (MADRS = 20-34) post-stroke depression (Naess et al 
2005b). Post-stroke depression was associated with depressive symptoms 
before the index stroke, alcoholism, and severe stroke deficits. In the long-
term follow-up of the Norwegian study, after a mean 11.9 years from IS, 29.2% 
of patients versus 13.2% of controls reported depression, and 36.1% of 
patients versus 19.2% of controls reported sleeping problems in a 
standardized questionnaire (Waje-Andreassen et al 2013). In another study 
from the same study group, post-stroke fatigue and depression were 
associated with mortality after adjusting for age and sex, and including stroke 
severity assessments into the analysis did not change these findings (Naess 
et al 2013c).  

After a mean follow-up of 10.6 years, 19.5% of patients had depressive 
symptoms and 23.0% of patients had anxiety after IS as measured with the 
Hospital Anxiety and Depression Scale, and the risk was higher for patients 
than for controls in a Dutch study (Maaijwee et al 2016). Depressive symptoms 
were associated with a lower educational level, shorter observation time, and 
unemployment. Anxiety was associated with a lower educational level, a 
history of depression, older age, unemployment, and current alcohol use. Both 
depressive symptoms and anxiety were associated with poor functional 
outcome, determined as mRS >2 or Instrumental Activities of Daily Living 
(IADL) scale score <8, among IS patients. 

A literature review from 2012 concluded that young patients and women 
suffering from stroke are at increased risk of dying by suicide and developing 
suicidal ideation (Pompili et al 2012). However, the review was based on 
studies done in mixed stroke populations. A Swedish registry-based study 
found that among stroke patients (ICH, IS, and unspecified stroke) aged 18-
54 years, the risk of attempted suicide was 6-fold (HR 5.9) increased 
compared with older stroke patients >85 years of age (Eriksson et al 2015). 
Other variables associated with an increased suicide attempt included male 
sex, living alone, lower educational and income level, poststroke depression, 
and being of European origin. 

Post-stroke fatigue. In a Finnish study with 133 working-aged patients 
with supratentorial infarcts, post-stroke fatigue was found in 24.8% of patients 
at 3 months from IS with the Profile of Mood States questionnaire (Pihlaja et 
al 2014). In a Norwegian study, fatigue assessed with the Fatigue Severity 
Scale affected 51.3% (versus 31.6% of controls) of young IS patients after a 



mean 6.0 years of follow-up (Naess et al 2005a). After a mean follow-up of 9.8 
years, among 511 patients aged 18-50 years with IS or TIA, 41.0% of patients 
had fatigue versus 18.4% of controls, assessed with the fatigue subscale of 
the Checklist Individual Strength questionnaire, and it was associated with 
poor functional outcome both in mRS and IADL, as well as impaired 
information processing speed (Maaijwee et al 2015).  

Post-stroke aphasia. In a hospital-based study including 423 IS patients 
with at least one non-lacunar infarct on imaging, non-fluent aphasia compared 
with fluent aphasia predominated in younger patients aged <51 years (Ferro 
et al 1997). In a Norwegian study, after a mean follow-up of 6.0 years, a total 
of 10.3% of 195 patients had aphasia, defined as <10 points in the speech 
subscale of the Scandinavian Stroke Scale (Naess et al 2009).  

Post-stroke visual impairment. Visual impairment is an important 
outcome affecting many life aspects, but we lack studies addressing this in 
young IS populations. In one prospective multicenter cohort trial including 14 
centers with referral for visual investigation after stroke, 46.1% of the 323 
patients with a mean age of 69 years had visual field impairment, and only one 
fifth of the patients reported or had documented perceptual deficits (Rowe et 
al 2009), however there is no data on the original stroke cohort size.  

Post-stroke driving. Young adults often have active lives which is why the 
ability to drive a vehicle is an important outcome parameter. It is also possible 
that a young person’s prior occupation before IS has been a professional driver 
(bus, taxi or truck driver) or the patient has been driving constantly at work 
(salesperson, etc.). This is why the inability to drive vehicles might mean that 
a patient cannot return to work or at least not to the same workplace as before 
IS. Also, post-stroke epilepsy, occurring even years after IS, might result in 
restrictions in driving vehicles. In an Australian Psychosocial Outcomes in 
Stroke study, with a mean age of patients being 52 years, 26.7% of 359 
patients had returned to driving within one month (although Australian 
guidelines recommend that people cease driving for at least one month after 
acute stroke) and 83.8% within one year after stroke (Yu et al 2016). Factors 
associated with stroke survivors’ returning to drive within one month after 
stroke were independence in daily activities, if they did not recall being told to 
stop driving, and if they had returned to work. 

Social consequences. There are various possible social consequences 
of stroke in young adults. At a median 3 years from IS, 7.0% of patients 
reported spontaneously that they had divorced after young IS in a French 
study including 287 young adults (Leys et al 2002). A comparative cohort study 
from New Zealand including 109 stroke patients and 429 injury patients aged 
18-64 years, found that the median personal income decreased 60% from the 
income received before stroke, compared with 13% decrease from the income 
received before injury (McAllister et al 2013). The decline in income was higher 
for stroke patients with a higher income before stroke. The odds of being back 
at work were lower in the stroke group, although the injury group was 
reimbursed with earnings-related compensation. A Finnish study with 230 



working-aged IS patients reported that these patients used a mean of 11 
months of IS-related income supplements and the use was independently 
associated with AF and cognitive impairment (Kauranen et al 2015).  

 

 

Other long-term consequences 
Key points 

1. IS has many other consequences, such as epilepsy, pain, 
mental disorders, and fatigue. 

2. Around 10% of patients develop epilepsy within 5 years from 
young IS. 

3. Around 20-30% of patients have depressive symptoms and/or 
anxiety after a mean follow-up of 10 years from adult-onset IS. 



3 AIMS OF THE STUDY 

The main aim was to study the long-term outcome of young adults with IS.  
Specific aims were to study: 
 

I. the frequency of pre- and post-stroke cancer diagnoses in young 
patients with IS, and their association with long-term risk of death; 

 
II. the long-term risk of cardiovascular events in patients having suffered 

an IS, and whether these risks differed among different etiologic 
subgroups of IS; 

 
III. the incidence of pregnancy- and delivery-related complications before 

and after IS in women from HYSR compared with matched stroke-free 
controls; 

 
IV. the proportion of patients after IS who were not working at one year 

after IS and over time, and to study factors associated with not returning 
to work at one year after IS. 



4 PATIENTS AND METHODS 

The baseline cohort in all four substudies (I-IV) was HYSR. The personal 
identification number, which is a unique number given for every person 
residing in Finland from 1971 onwards, allowed record-linkage of HYSR 
patients to the national registries used to obtain follow-up data.  

4.1 HELSINKI YOUNG STROKE REGISTRY (I-IV) 

HYSR includes all consecutive patients aged 15 to 49 treated at the 
Department of Neurology, Helsinki University Hospital, Finland, for a first-ever 
IS between January 1994 and May 2007 (Putaala et al 2009b). HYSR included 
all such patients with focal neurological deficits with acute onset and lasting 
>24 hours, or with imaging evidence of IS with corresponding symptoms 
lasting <24 hours. All patients underwent imaging of the brain either with a CT 
or magnetic resonance imaging. More detailed description of the patient 
collection, acquisition of baseline characteristics and clinical parameters have 
been discussed in detail elsewhere (Putaala et al 2009b). Table 7 shows the 
baseline characteristics and clinical parameters of patients used in studies I-
IV. Figures 6 and 7 show the flow charts of patients included in studies I-IV. 

In all four sub-studies (I-IV), a modified version of the Trial of Org 10172 in 
Acute Stroke Treatment (TOAST) classification (Adams et al 1993) was used. 
In order to better adjust for the unique etiologic spectrum of IS in young adults, 
we divided the TOAST2 category (cardioembolic strokes) into CEL with 2% or 
less annual primary stroke risk, including PFO with or without an atrial septal 
aneurysm or a sole atrial septal aneurysm (Ay et al 2007), and into CEH, which 
included all other sources of cardioembolism. The TOAST4 category (other 
determined etiology) was divided into internal carotid artery dissection, VAD, 
and rare causes other than dissection. 

The Institutional Ethics Committee of the Helsinki University Hospital (Dnro 
73/13/03/00/11), THL (Dnro THL/956/5.05.00/2012), Statistics Finland (Dnro 
TK-53-557-13), and the Finnish Centre for Pensions (28/01/2013), each gave 
their permission for this study.   



Table 7. Baseline variables and clinical parameters of HYSR used in studies I-IV 

Clinical parameter Definition 

Age Age at IS in years 
Active malignancy Cancer diagnosed within 1 year prior to IS, 

or previously but not in remission 
Any cancer Tumor with invasive feature 
Any metastasis Local or systemic metastases 
Aphasia  
  Mild NIHSS* item 9 = 1 point 
  Moderate-severe NIHSS* item 9 = 2-3 points 
Atrial fibrillation Detected by ECG prior to or at IS  
Cardiac myxoma Pathologist’s report of such 
Cardiovascular disease Any of coronary heart disease, heart 

failure, MI, or PAD 
Cesarean section As recorded in MBR 
Cigarette smoking Smoking constantly ≥1 cigarettes per day 

within 1 year prior to IS 
Congestive heart failure Ejection fraction <55% 
Coronary heart disease Prior diagnosis or diagnosed at IS onset  
Dyslipidemia Treated or total cholesterol ≥5.0 mmol/L/, 

LDL ≥3.0 mmol/L/, or HDL <1.0 mmol/L  
Ectopic pregnancy As reported in MBR** 
Etiology and cancer  
  Cancer-related stroke Active cancer, no other cause for IS 
  Cryptogenic stroke with a history of 
cancer 

Cryptogenic stroke, history of cancer, no 
cancer detectable at IS onset 

  Cryptogenic stroke with later diagnosed 
cancer  

Cryptogenic stroke, cancer diagnosed after 
IS 

  Other etiology with a history of cancer Cancer in history, no detectable cancer, 
another cause for IS 

  Other etiology with later diagnosed cancer Cancer diagnosed after IS, another cause 
for IS 

Family history of stroke History of IS/hemorrhagic stroke/ TIA in a 
first-degree relative 

Gestational diabetes Pathological GTT, insulin started during 
pregnancy (2004 onwards)/a diagnosis in 
MBR/HDR 

Heavy drinking Estimated intake of >200g of pure alcohol 
weekly constantly  

History of TIA History of an episode of focal cerebral 
dysfunction lasting <24 hours without 
evidence of corresponding ischemia in 
imaging  

Hypertension Treated or history of hypertension (systolic 
BP ≥140 mmHg and/or diastolic BP ≥90 
mmHg) 

Induced abortion As recorded in MBR** 
Limb paresis  
  Mild NIHSS* 5 or 6 =1 point 
  Moderate-severe NIHSS* 5 or 6 = 2-4 points 
Marital status As recorded in MBR** 
  Married or cohabiting  
  Single, divorced or widow  
  Unknown or missing  
MI Diagnosed previously or at IS onset 



NIHSS on admission* On admission to hospital 
NIHSS at discharge* At acute hospital discharge 
Obesity Body-mass index ≥30/ clearly heavily 

obese 
Obstructive sleep apnea Clinical symptoms and apnea-hypopnea 

index ≥5 
Oral contraceptive use Using oral contraceptives at IS onset 
PAD Prior diagnosis 
Prepregnancy BMI 
 

Weight in kilograms divided by square of 
height in meters (2004 onwards in MBR) 

Prestroke cancer Cancer diagnosed before or during 
hospitalization for IS 

Post-stroke cancer Cancer diagnosed after hospitalization for 
IS 

Sex Male or female 
Sensory deficit Of the arm, face, or leg 
Size of the infarct  
  Small <1.5 cm lesion in the anterior/ posterior 

circulation 
  Medium lesion in a cortical superficial branch of the 

ACA, MCA, PCA/ deep branch of MCA or 
PCA/ lesion in internal borderzone territory 

  Large anterior lesion involving complete territory of ACA 
or MCA/ lesion involving >1 arterial territory 

  Large posterior >1.5 cm lesion in brain stem or cerebellum/ 
complete territory of PCA together with 
borderzone territories 

Stillbirth As recorded in MBR** 
Smoking during pregnancy As recorded in MBR** 
Socioeconomic status Based on occupation (Classification of 

socio-economic groups 1989) 
  Upper white-collar worker  
  Lower white-collar worker  
  Blue collar worker  

  Other (Entrepreneur, student, pensioner, 
unemployed) 

 

  Unknown  

Spontaneous abortion As recorded in MBR** 
Stroke in multiple territories >1 territories involved 
Type 1 diabetes mellitus Treated/ fasting plasma glucose ≥7.0 

mmol/L and insulin dependent within 1 year 
from diagnosis 

Type 2 diabetes mellitus Treated/ fasting plasma glucose ≥7.0 
mmol/L  

TOAST** classification (modified)  
  Large-artery atherosclerosis TOAST1*** 
  High-risk sources of cardioembolism TOAST2***; all except PFO and/or atrial 

septal aneurysm 
  CEL PFO and/or atrial septal aneurysm 
  Small-vessel occlusion TOAST3*** 
  Internal carotid artery dissection Diagnosed by imaging 
  Vertebral artery dissection Diagnosed by imaging 
  Other causes than dissection TOAST4*** except cervical artery 

dissection 
  Undetermined cause TOAST5*** 
Visual field deficit  



  Mild NIHSS* item 3 = 1 point 
  Moderate-severe NIHSS* item 3 = 2-3 points 

 
IS= ischemic stroke; TIA= transient ischemic attack; GTT= glucose tolerance test; HDR= Hospital Discharge Registry; 
BP= blood pressure; NIHSS= National Institutes of Health Stroke Scale; ECG= electrocardiogram; MI= myocardial 
infarction; PAD= peripheral artery disease; MBR= Medical Birth Registry; HDL= high-density lipoprotein; LDL= low-
density lipoprotein; ACA= anterior cerebral artery; MCA= middle cerebral artery; PCA= posterior cerebral artery; CEL= 
low-risk sources of cardioembolism; TOAST= Trial of Org 10172 in Acute Stroke Treatment. *Brott el al 1989. 
**Medical Birth Registry data content 2004. ***Adams et al 1993.  



 Flow chart of patients included in Studies I-II and IV. Parts of the figure reproduced 
under Wolters Kluwer’s general terms. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IS= ischemic stroke; NIHSS= National Institutes of Health Stroke Scale. 

 

 Flow chart of patients included in Study III. Permission to reproduce granted under 
SAGE Publishing’s general terms. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
MBR= Medical Birth Registry. 



4.2 INTERNATIONAL CLASSIFICATION OF DISEASES 
(I-III) 

The International Classification of Diseases (ICD) is the international 
classification standard of all diseases and diagnoses in both the clinical setting 
and in research. The International Statistical Institute started using the first 
international classification edition, the International List of Causes of Death, in 
1893 (International Classification of Diseases). The ICD has been in use in 
Finland since 1936 (Tautiluokitus 1969). Since 1952, the 6th Edition of ICD has 
been in use as the basis for the Causes of Death Registry, and since 1954 it 
has been in use also in hospitals. 

Thereafter in Finland, hospitals and registries have used a modified 
International Classification of Diseases 8th edition (ICD-8) 1969-1986, the 9th 
edition (ICD-9) 1987-1995, and the 10th edition (ICD-10) 1996 onwards. The 
Finnish ICD-8 codes had five digits, having in addition to the three main digits 
either two decimals or one decimal and one letter (Tautiluokitus 1969). 
Accordingly, the Finnish ICD-9 had in addition to the digits in the international 
version, an additional letter for specifying the diagnosis further. For instance, 
in the Finnish version of ICD-9, the letter A after the digits represented a case 
of infarction in 433 (occlusion and stenosis of precerebral arteries) and 434 
(occlusion and stenosis of cerebral arteries), and letter X after the main digits 
represented a case without infarction (Tautiluokitus 1987).  

Table 8 shows the diagnosis codes used in studies I-III to obtain end-point 
events and historical data for the patients. 
 

Table 8. ICD-8 (1969-1986), ICD-9 (1987-1995), and ICD-10 (1996-) codes used to 
detect historical and follow-up data. Parts of the table reproduced under Wolters 
Kluwer’s general terms. 

Outcome event  ICD-8, ICD-9  ICD-10  

Malignant neoplasms 140-208a C00-C97a 

Rheumatic fever with heart 
involvement  

391b  I01b  

Rheumatic chorea   392b I02b 
Chronic rheumatic heart 
disease  

393b I09b 

Diseases of mitral valve  394b I05b 

Diseases of aortic valve  395b I06b 

Diseases of mitral and aortic 
valves  

396b I08b 



Diseases of other endocardial 
structures  

397b I07b, I09b 

Other rheumatic heart 
disease  

398b I09b 

Hypertensive heart disease  402b  I11b 

Hypertensive heart and 
chronic kidney disease  

404b I13b 

Acute myocardial infarction  410b I21b 

Other acute and subacute 
forms of ischemic heart 
disease  

411b I20b, I22-I24b 

Old myocardial infarction/ 
Chronic ischemic heart 
disease  

412b I25b 

Angina pectoris  413b I20b 
Other forms of chronic 
ischemic heart disease  

414b I25b 

Acute pulmonary heart 
disease  

415b, c, 415Ac I26b, c, I260c, I269c 

Chronic pulmonary heart 
disease  

416b I27b 

Other diseases of pulmonary 
circulation  

417b  I28b 

Acute pericarditis  420b I30b, I32b 

Acute and subacute 
endocarditis  

421b I33b 

Acute myocarditis 422b I40b, I41b 

Other diseases of 
pericardium  

423b I31b 

Other diseases of 
endocardium/ Non-rheumatic 
valve diseases  

424b I34-I39b 

Cardiomyopathy  425b I42b, I43b 

Conduction disorders  426b I44b, I45b 
Cardiac dysrhythmias  427b I46-I49b 

Heart failure    428b I50b 

Ill-defined descriptions and 
complications of heart 
disease  

429b I51b, I52b  

SAH 430a, b  I60a, b 
ICH 431a, b I61a, b 

Other and unspecified 
intracranial hemorrhage  

432b I62b 

Occlusion and stenosis of 
precerebral arteries  

4330Aa, 4331Aa, 
4339Aa, 433b 

I65b 



Occlusion of cerebral arteries  4340Aa, 4341Aa, 
4349Aa, 434b 

I63a, b, I66b 

TIA 435b G45b 
Vascular syndromes of brain 
in cerebrovascular diseases 

436a, b, 437a, b G46a 

Acute, but ill-defined, 
cerebrovascular disease  

436a, b   I67a, b 

Other and ill-defined 
cerebrovascular disease  

437a, b I64a, b, I67a, b, I68a, b 

Late effects of 
cerebrovascular diseased  

438b I69b 

Atherosclerosis  440b I70b 

Aortic aneurysm and 
dissection  

441b I71b 

Other aneurysms  442b I72b 

Other peripheral vascular 
disease  

443b I73b 

Arterial embolism or 
thrombosis  

444b I74b 

Arteritis and allied conditions  446b   

Other disorders of arteries 
and arterioles  

447b I77b, I79b 

Phlebitis and 
thrombophlebitis  

451b, 4511Ac  I80b, I80.29c 

Portal vein thrombosis  452b I81b 
Other venous embolism and 
thrombosis  

453b I82b 

Other disorders of circulatory 
system  

459b I98b, I99b 

Sudden death, cause 
unknown  

798b R96b, R98b 

Eclampsia or pre-eclampsia 6424-6427c, 
7600Bc, 7600Cc 

O11c, O14c, O14.0c, O14.1c, 
O14.9c, O15c, O15.0c, O15.1c, 
O15.2c, O15.9c 

SGA 6565Ac, 6565Bc, 
7640Ac, 7640Bc, 
7649Xc 

O36.5c, P05.0c, P05.1c 

Low birth weight or preterm 
birth 

6440Ac, 6440Bc, 
7650Ac, 7651Ac, 
7651Bc, 7651Xc 

O60c, P07c, P07.0c, P07.00c, 
P07.01c, P07.02c, P07.1c, 
P07.10c, P07.11c, P07.12c, 
P07.2c, P07.3c 

Placental abruption 6412Ac, 6412Bc, 
7621Ac 

O45c, O45.0c, O45.8c, O45.9c 

Gestational diabetes 6488Ac O24.4c 

Stillbirth 6564Ac, 6564Bc O36.4c, P95c, Z37.1c, Z37.3c, 
Z37.4c, Z37.7c 



Deep thrombophlebitis during 
pregnancy or puerperium 

6714Ac, 6714Bc O22.3c, O87.1c  

PE during pregnancy or 
puerperium 

6732Ac, 6732Bc O88.2c 

aUsed in Study I, bused in Study II, cused in Study III, dWas only used to detect vascular death. SAH= subarachnoid 
hemorrhage; ICH= intracranial hemorrhage; TIA= transient ischemic attack; SGA= small for gestational age; PE= 
pulmonary embolism. 

4.3 HOSPITAL DISCHARGE REGISTRY, CARE 
REGISTRY (I-III) AND CAUSES OF DEATH 
REGISTRY (I-IV) 

THL maintains the nationwide Care Registry, which was called HDR until 
1994. The HDR includes data on all patients treated in a hospital in Finland 
1969-1994, covering data on the hospital, the patient, where the patient came 
from and to which place the patient was discharged, as well as the diagnosis 
and treatment given during hospitalization. The Care Registry covers more 
data than the older HDR, as it includes data also on patients discharged from 
any inpatient unit (primary, secondary, and tertiary), about elective operations, 
and treatment in an outpatient clinic in specialized health care (since 1998) 
(Care Registry).  

The Statistics Finland maintains the Causes of Death Registry (Quality 
Description: Causes of Death 2015). This registry includes people residing 
permanently in Finland and having died in Finland or abroad. The causes of 
death are based on data obtained from death certificates and are completed 
with data obtained from the Population Information System of the Population 
Registry.  

In study I, we obtained all hospital admissions/care for any cancer 1969-
1993 from the HDR, and 1994-2011 from the Care Register with 
corresponding ICD-codes as shown in Table 8. Recurrent strokes were 
obtained similarly from the Care Registry, and verified in all possible cases 
from original patient records. The dates and causes of death as ICD-codes 
were obtained from Statistics Finland. We also looked at the HYSR baseline 
data for information on prior history of cancer. Only tumors with invasive 
properties were included and thus we excluded basal cell carcinomas and in 
situ lesions from our study. All except 7 cancer diagnoses were verified from 
patient records. The seven cancer diagnoses that could not be verified were 
diagnosed in other parts of Finland, so we could not obtain corresponding 
patient records. We considered the date of completion of the pathologist’s 
report as the date of cancer diagnosis in cases where the report was available 
and in cases where it was not available we used the date of the first cancer-
related hospital admission. We divided cancers into brain and other central 
nervous system cancers, breast cancers, gastrointestinal and hepatobiliary 
cancers including pancreatic cancers, head and neck cancers, lung and 



respiratory tract cancers, lymphomas, melanomas, prostate and urinary tract 
cancers, and other or unknown cancers according to their anatomical location 
and histopathological features. For the seven cancer diagnoses without 
patient records, we divided them into groups according to their ICD-codings.  

In study II we included cardiovascular events as shown in Table 8 from the 
Care Registry and the Causes of Death Registry. In addition, we included 
cardiovascular procedures according to the Finnish Classification of 
Procedures (Toimenpidenimikkeistö 1983) from 1994 to 1995, including 
procedures of the heart and the vasculature (5101-5589), and procedures of 
the venous system (5601- 5699), and according to the Nordic Classification of 
Surgical Procedures from 1996 onwards, including procedures of the heart 
and thoracic vasculature (F), other vasculature, and the lymphatic system (P). 
We excluded procedures of diagnostic radiology, procedures preparing 
arteriovenous fistulae for dialysis, procedures of the lymphatic system, 
exchange of batteries or electrodes for a pacemaker, biopsies of temporal 
arteries, transient global amnesias, traumatic intracranial hemorrhage, 
cutaneous vasculitides, and carotid endarterectomies related to the index 
stroke from this study.  

We defined vascular death as a death when at least one of the primary 
diagnosis codes for death was as in Table 8. We defined a fatal event as a 
patient dying within 30 days from the event. All first-occurring nonfatal events 
were verified from patient records when possible and in difficult cases 
consensus was made with two senior investigators. When verifying the 
outcome events, recurrent stroke was defined as a rapid onset of a new 
persistent neurological deficit attributed to an obstruction in cerebral blood 
flow, ICH or SAH with no apparent nonvascular cause and with verification of 
diagnosis with head CT and/or MRI. Acute coronary syndrome was defined as 
symptoms of cardiac ischemia with either 1) new significant ST-T changes with 
or without cardiac biomarker elevation or ECG changes corresponding to 
myocardial necrosis (Salomaa et al 2003); 2) imaging evidence of new loss of 
viable myocardium or new regional wall motion abnormality; and 3) 
identification of an intracoronary thrombus using angiography. Peripheral 
arterial event was defined as any arterial occlusion in a peripheral or systemic 
artery or bypass graft and a consistent clinical history, and evidence of such 
from surgical specimens, angiography, or other objective testing. DVT, PE, 
and heart failure were defined as clinical symptoms of such with correlating 
imaging findings. Follow-up time started at the index stroke, and ended at an 
endpoint of interest, at death, or on the 31st of December 2011, whichever 
occurred first. Endpoints were classified as follows:  

1) composite cardiovascular event including any first-occurring 
nonfatal/fatal arterial or venous event;  

2) vascular death;  
3) composite arterial event including any first-occurring nonfatal/fatal 

recurrent stroke, cardiac event, or peripheral arterial event;  
4) any first-occurring nonfatal/fatal venous event;  



5) any first-occurring nonfatal/fatal recurrent stroke;  
6) any first-occurring nonfatal/fatal cardiac event, and  
7) any first-occurring nonfatal/fatal peripheral arterial event.  

 
In study III we obtained four matched control mothers for each woman in 
HYSR with pregnancy data in MBR matched by the mother’s age, year of birth, 
residential area, parity, and number of newborns in the last pregnancy 
recorded. THL verified that the matched control mothers did not have hospital 
admissions 1969-2014 due to stroke (430-438 by ICD 8 and ICD-9, and I60-
I69, G45 by ICD-10 in the HDR/Care Register) (Figure 7). We also obtained 
end-points given in Table 8 from the HDR/Care Registry as well as MBR. 

4.4 MEDICAL BIRTH REGISTRY (III) 

The MBR is maintained by THL and includes data on all live births, on stillbirths 
of fetuses with a birth weight of at least 500 grams or with a gestational age of 
at least 22 weeks in Finland, and on the mother, the pregnancy history, present 
pregnancy and delivery, as well as the newborn until the age of seven days or 
until discharge from the hospital (Teperi 1993).  

In study III, we looked for all baseline variables and outcome events 1969-
2014 with their corresponding ICD codes from the mothers’ and child’s 
diagnoses from MBR as shown in Tables 7 and 8. Preterm birth was defined 
as gestational age <37 weeks, low birth weight as a birth weight <2500 grams, 
stillbirth as death of the fetus before or during delivery from 22 gestational 
weeks onwards, and early neonatal death as a neonate dying within the first 
seven days after birth, or such diagnoses with ICD codes obtained from the 
MBR or HDR. Perinatal death was defined as a stillbirth or an early neonatal 
death. Small-for-gestational age was defined as birthweight of a child ≤-2 
standard deviations of the national sex-specific standard (Pihkala et al 1989). 
In the MBR, Apgar scoring was evaluated by giving the newborn points from 
zero to two for the pulse rate, breathing, reflexes, muscle tone, and skin color. 

The end-points in Study III were as follows: 1) pre-eclampsia and/or 
eclampsia; 2) placental abruption; 3) gestational diabetes; 4) hospital 
admission of the mother during pregnancy as recorded in MBR; 5) preterm 
birth and/or low birth weight; 6) small for gestational age; 7) Apgar at 1 minute 
of 6 or less; 8) if the child was not at home at 7 days from the delivery; 9) 
perinatal death; 10) and a composite outcome including outcomes 1 to 9 as a 
count outcome. 

4.5 EARNINGS AND ACCRUAL REGISTRY (IV) 

In Finland, pension security covers virtually all paid work (Ansaintarekisterin 
rekisteriseloste). The Finnish Centre for Pensions together with pension 



insurance companies manages a registry for earnings including practically all 
earnings-related periods, with dates and corresponding work pension laws 
from the private as well as the public sector, as well as covering work done as 
an entrepreneur for people aged 18-68.  

In study IV, data on periods of payment came from the Earnings and 
Accrual Registry for 929 patients (92.2% of total HYSR cohort). We defined 
working at stroke as a patient having earnings within one year before IS. 

4.6 STATISTICAL METHODS (I-IV) 

We analyzed data using SPSS Statistics, version 21.0 for Macintosh (SPSS 
Inc., IBM, Armonk, NY, USA) (study I), SPSS Statistics, version 23.0 for 
Windows (study II), SPSS Statistics, version 22.0 for Windows (studies III, IV), 
STATA 14.1 for Macintosh (StataCorp, Texas USA) (study III), SAS 9.4 for 
Windows (SAS Institute Inc., Cary, NC, USA) (study IV), and R-project (R 
foundation for statistical computing, Vienna, Austria) (study IV). Statistical 
significance meant a p <0.05. 
 
Study I. Pearson’s chi-square and Fisher’s exact tests were used to compare 
categorical variables across the groups with patients with no cancer, prestroke 
cancer, and poststroke cancer. Kaplan-Meier life-tables analyses allowed 
studying cumulative risk for death in total and comparing this risk between 
different subgroups of patients with the log-rank test. To analyze factors 
associated with death, Cox proportional hazards model was used. A 
multivariable backward stepwise model was constructed by selecting variables 
with a p<0.10 from the univariate analyses. Separate Cox proportional hazards 
models were constructed with patients without cancer as the reference for any 
cancer, primary cancer location, prestroke and post-stroke cancer, cancer-
stroke etiology classification, and with cancer patients without metastases as 
the reference for presence of metastases. No adjustments for multiple 
comparisons were made. 
 
Study II. Cumulative risks for future cardiovascular events were analyzed 
using life-table functions and cumulative incidence rates and their Fisher exact 
95% confidence intervals (CIs) using Episheet (K. Rothmann, June 11, 2008 
version), dividing the number of events by person-years at risk. Cumulative 
risks in different subgroups were analyzed with life tables and visualized with 
Kaplan-Meier curves using log-rank test for testing the difference in survival. 
Cox regression analyses were used to obtain HRs and their corresponding CIs 
for comparison of different etiologic subgroups using the undetermined group 
as the reference category. We adjusted for prespecified confounders (Putaala 
et al 2009a, 2010), in two separate models: HRmodel_1 adjusted for age and sex, 
and HRmodel_2 adjusted for age, sex, T1DM, cigarette smoking, heart failure, 
hypertension, and dyslipidemia. Predefined sensitivity analyses were done 



limiting to the following patients: 1) with and without a visible infarct sign on 
imaging at baseline; 2) with and without previous diagnosis of hemorrhagic 
stroke or CVD; 3) and with only verified nonfatal outcome events. 
 
Study III. Poisson regression mixed model analysis allowed comparison of the 
outcome of pregnancies and deliveries before and after IS in mothers with IS 
and stroke-free mothers. Cases with missing data were excluded. Only 
singleton pregnancies were included in the main analyses. Separate analyses 
with Poisson regression mixed models were done unadjusted and adjusted for 
smoking and socioeconomic status of the mother. Predefined sensitivity 
analyses were done (a) with both singleton and multiple pregnancies, (b) 
excluding hospital admissions of the mother from the composite outcome, and 
(c) excluding those mothers with strokes during pregnancy or puerperium 
(n = 8) from the analyses. Adjustments for multiple testing were not done. 
 
Study IV. We analyzed the associations of patient characteristics, IS 
characteristics, and symptoms and signs at hospital discharge with patients 
not returning to work using univariate and multivariate logistic regression 
analyses, and reported these results using odds ratios and their corresponding 
95% CIs. Intercorrelations of the variables were checked. We constructed 
three different multivariable models. Model 1 included all statistically 
significant variables (p<0.05) from the univariate model using enter method. 
Model 2 used a forward stepwise selection algorithm based on the Likelihood 
Ratio statistic of each variable. Model 3 was constructed using manual 
stepwise variable selection with a basic model including age, sex, and 
socioeconomic status, and adding variables based on the significance of the 
variables and their Pseudo-R2 (Nagelkerke’s R2) in the univariate model. We 
then took the variables with the highest Pseudo-R2 until the addition of the new 
variables did not result in further increases of the Pseudo-R2 of the model. In 
case two variables resulted in similar increases of the Pseudo-R2 of the model, 
the variable that was more clinically relevant was chosen. We then compared 
the three different models with Hosmer and Lemeshow Goodness of Fit test, 
Akaike Information Criterion, and Areas Under the Curve values based on 
Receiver Operating Curve analyses. We did no adjustments for multiple 
testing. Lasagna plots depicting employment status during 15-year follow-up 
were made using R, also stratified for age and sex. 



5 RESULTS 

5.1 CANCER AND ISCHEMIC STROKE (I) 

In our mainly descriptive study, a total of 77 (7.7%) of 1002 patients with IS at 
young age had cancer diagnosed 1969-2011, of which 36 (3.6%) were 
diagnosed prestroke, 3 (0.3%) during hospitalization for IS, and 38 (3.8%) 
post-stroke. The three single largest groups of cancer were lung/respiratory 
tract cancer, breast cancer, and gastrointestinal tract/hepatobiliary/liver 
cancers. A total of 39 (3.9%) patients had metastases. A total of 9 (0.9%) 
patients had chemotherapy, 3 (0.3%) had hormonal therapy, 1 (0.1%) had 
radioiodine treatment, 20 (2.0%) had radiotherapy, and 24 (2.4%) patients had 
surgery before IS onset. A median 4.9 (interquartile range IQR  1.0-9.5) years 
went by from the diagnosis of prestroke cancer to the diagnosis of IS, and a 
median 6.7 (IQR 2.7-10.9) years from the diagnosis of IS to the diagnosis of 
post-stroke cancer. Concerning the association of the etiology of IS and 
cancer, 10 (1.0%) patients suffered a cancer-related stroke, 6 (0.6%) a 
cryptogenic stroke with a history of cancer, and 16 (1.6%) a cryptogenic stroke 
with a later-diagnosed cancer.  

Males predominated in the group of patients with no cancer compared with 
the prestroke cancer group. There were no cancer cases found within the 
group of patients aged 15-29 years, and more patients with either prestroke or 
post-stroke cancer were in the oldest age group of patients, namely those 40-
49 years. Patients with prestroke cancer had more often strokes caused by 
other causes than dissection, and less strokes caused by cardioembolism and 
small-vessel disease, compared with patients with no cancer, although with 
small numbers of cancer cases, these results should be interpreted with 
caution. Post-stroke cancer patients were more often heavy drinkers and 
smokers compared with those patients with no cancer. 

In separate multivariable Cox proportional hazards models, all adjusted for 
sex, age, AF, smoking, congestive heart failure, coronary artery disease, 
diabetes mellitus type 1 and 2, heavy drinking, peripheral artery disease, 
NIHSS score at admission, stroke in multiple territories, index stroke 
pathogenesis, and recurrent stroke, patients with cancer-related stroke had 
21 times higher risk for death compared with patients without cancer (HR 

20.68, 95% CI 9.70-44.09), and patients with melanoma 11 times higher risk 
(HR 10.57, 95% CI 2.49-44.78), and similarly patients with lung/respiratory 
tract cancer five times greater risk for death (HR 5.39, 95% CI 2.67-10.86) 
compared with patients without cancer. Prestroke cancer patients were at 
higher risk of death than post-stroke cancer patients or patients with no cancer 
(Figure 8).   



 Kaplan-Meier estimates of the cumulative risk of death for patients with IS with and 
without cancer (A), with no cancer, prestroke cancer, and poststroke cancer (B). 
Log-rank test p values are provided. POSSC indicates poststroke cancer, and 
PRESC, prestroke cancer (Study I). Permission to reproduce granted under Wolters 
Kluwer Health, Inc. Publishing’s general terms. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

5.2 LONG-TERM RISK OF CARDIOVASCULAR EVENTS 
(II) 

Among a total of 970 30-day survivors after IS, the median age at stroke was 
44 years (IQR 37-47). During the median follow-up of 10.1 years (IQR 6.8-
13.8), 152 (15.7%) patients died, of which 73 (48.0%) had a vascular cause of 
death. There were 277 first-occurring composite vascular events resulting in a 
35.7% cumulative risk of any cardiovascular event during 15-year follow-up. 
Of these events, the majority, namely 258 events were arterial in origin and 
only 23 were venous events. There were 138 recurrent strokes during follow-
up, of which 120 (87.0%) were ischemic and the rest (13.0%) were 
hemorrhagic strokes. A total of 147 cardiac and only 44 peripheral arterial 
events emerged during follow-up. We verified 94.6% of composite vascular 
events, 94.8% of composite arterial events, and 85.7% of venous nonfatal 
events from patient records. Table 9 shows the cumulative 15-year risks and 
incidence rates of different outcomes after IS whereas Figure 9 shows Kaplan-
Meier curves of the cumulative risks for future events. 
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The highest HR for the composite event, 3.7 (95% CI 2.6-5.4) adjusted for age 
and sex, was found in those patients with CEH as the etiology of the index 
stroke, although the HR attenuated to 2.5 (95%CI 1.5-4.2), after adjusting 
additionally for T1DM, cigarette smoking, heart failure, hypertension, and 
dyslipidemia. The second highest risk for composite vascular events was in 
those patients with LAA underlying the index stroke (fully adjusted HR 1.8, 
95% CI 1.2-2.8), although the patients with small vessel occlusion (SVO) had 
an almost equally high risk (HR 1.6, 95% CI 1.1-2.4) and the smallest HR 0.4 
(95% CI 0.2-0.9) was among those with VAD as the underlying cause, with the 
patients with undetermined causes of their index strokes as the reference 
category.  

Of all etiologic subgroups, patients with LAA underlying the index stroke 
had the highest incidence rate for vascular death, namely 23.0 (95% CI 12.9-
38.0) per 1000 person-years, and those with CEL, meaning PFO and/or atrial 
septal aneurysm underlying the index stroke, had the lowest incidence rate, 
1.1 (95% CI 0.0-6.0) per 1000 person-years. The incidence rate for venous 
events was highest for the patients with CEH underlying the index stroke, 5.4 
(95% CI 1.5-13.9) per 1000 person-years. No venous events occurred for 
those with dissections or CEL underlying the index stroke. 

The fully adjusted HR for recurrent strokes was highest for patients with 
LAA (HR 2.1, 95% CI 1.2-3.8) and lowest for patients with VAD (HR 0.2, 95% 
CI 0.1-1.0) underlying the index stroke compared with the group of patients 
with an undetermined cause for the index stroke. For cardiac events, the 
highest HR was for CEH group (fully adjusted HR 5.2, 95% CI 2.9-9.4) and 
similarly the CEH group had the highest incidence rate, 79.4 (95% CI 57.2-
107.3) per 1000 person-years. The lowest incidence rate for cardiac events 
was found for the VAD group, namely 4.9 (1.3-12.5) per 1000 person-years.  
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 Kaplan-Meier curves of the cumulative risks for future events (Study II, 
http://www.neurology.org). Permission to reproduce granted under Wolters Kluwer 
Health, Inc. Publishing’s general terms. 



5.3 OUTCOME OF PREGNANCIES (III) 

In this retrospective matched cohort study, a total of 124 women from HYSR 
had 207 singleton pregnancies before an impending first-ever IS and 45 
mothers had 68 pregnancies after suffering their IS. The index IS occurred 
during pregnancy in four patients and during puerperium in another four 
patients. The 152 women from HYSR had a history of a median of two 
deliveries when suffering their first-ever IS.  

Especially at first pregnancy after IS, the mothers from HYSR were less 
often upper white-collar workers than the matched control mothers (17.5% 
versus 28.0%), and were more often single, divorced, or widows, than their 
matched control mothers (20.0% versus 14.8%). The number of induced 
abortions (26.7% versus 15.5%), spontaneous abortions (28.9% versus 
21.7%), and cesarean sections (CS) (11.1% versus 6.9%) in their previous 
pregnancies at first pregnancy after IS seemed to be greater for IS mothers 
than for matched control mothers. The number of smokers from the first 
pregnancy in MBR among HYSR mothers, declined to a similar, or even 
slightly smaller level of smokers after suffering IS (from 30.1% to 15.6%) 
compared with matched control mothers (from 20.9% to 17.6%). 

The incidence rate ratio (IRR) for the composite outcome including pre-
eclampsia, eclampsia, placental abruption, gestational diabetes, hospital 
admission of the mother during pregnancy, low birth weight or preterm birth, 
small for gestational age, Apgar at one minute ≤6, the child not at home seven 
days from the delivery, and perinatal death, adjusted for smoking and 
socioeconomic status, was 1.43 (95% CI 1.00-2.03, p= 0.05) for mothers from 
HYSR compared with matched control mothers in the prestroke period, 
indicating that HYSR patients before stroke had a higher rate of pregnancy 
complications, although being in the borderline of statistical significance. 
Similarly, the adjusted IRR for hospital admissions during pregnancy excluding 
those for start or induction of labor was 1.85 (95% CI 1.03-3.31) in the post-
stroke period, indicating that HYSR mothers were overall more severely ill 
during their pregnancies compared with control mothers. The reasons for 
hospital admissions for mothers from HYSR were more often due to 
hypertensive disorders compared with control mothers (24.6% versus 16.9%). 
Additionally, the unadjusted IRR for perinatal deaths was 3.43 (95% CI 0.57-
20.53) in the prestroke period, and 8.88 (95% CI 0.81-97.95) in the post-stroke 
period, but lacking statistical significance. The sensitivity analyses studying 
the composite outcome with both multiple and singleton pregnancies included, 
excluding hospital admissions of the mother during pregnancy from the 
composite outcome, and excluding mothers with index strokes during 
pregnancy and puerperium from the analyses, showed similar results than the 
main analyses did.   



5.4 RETURN TO PAID EMPLOYMENT (IV) 

A total of 769 patients were included with mild to moderate IS (Figure 6), and 
with a mean follow-up of 10.5 (range 0.1-18.0) years. One year after IS, 289 
(37.6%) of these patients were not working, the number increasing up to 323 
(42.0%) at two years, and to 361 (46.9%) at five years from IS.  

In the univariate analyses, age, male sex, being a blue collar worker, or 
having other or unknown socioeconomic status compared with upper white 
collar worker status, CVD, cigarette smoking, type 2 diabetes mellitus, heavy 
drinking, hypertension, increase in NIHSS score at admission, having large 
anterior strokes (compared with small strokes), and strokes caused by LAA, 
CEH, internal carotid artery dissection, rare causes other than dissection 
(compared with undetermined cause), mild or moderate to severe aphasia 
(versus no aphasia), mild or moderate to severe limb paresis (versus no 
paresis), sensory deficit, and moderate to severe visual field deficit (versus no 
deficit), were significantly associated with not returning to work at one year 
after IS. Additionally, T1DM and small-vessel occlusion causing index IS were 
associated with not returning to work at two years and 5 years from IS. 
Furthermore, patients with CEL causing the index event (versus undetermined 
sources) were more often working at two years, and lower-white collar workers 
were more often not working compared with upper-white collar workers at five 
years from IS. 

We constructed three different multivariable models for not having returned 
to work at one year after IS. In the final model 3, which was constructed using 
manual stepwise variable selection, variables significantly associated with 
NRTW at one year after IS, when adjusted for age, sex, socioeconomic status 
and NIHSS score at admission, were large anterior strokes, strokes caused 
by large-artery atherosclerosis, high-risk sources of cardioembolism, and rare 
causes other than dissection compared with undetermined cause, moderate 
to severe aphasia versus no aphasia, mild and moderate to severe limb 
paresis versus no paresis, and moderate to severe visual field deficit versus 
no deficit (Table 10). Similar results were found with models 1 and 2, with more 
variables included.  
  



 

Table 10. Multivariate binary logistic regression model 3 for not having returned to work at 1 year 
after ischemic stroke (n=766) (Study IV, http://www.neurology.org). Permission to reproduce 
granted under Wolters Kluwer Health, Inc. Publishing’s general terms. 

 
OR = odds ratio; IS= ischemic stroke; NIHSS = NIH Stroke Scale; TOAST = Trial of Org 10172 in Acute Stroke 
Treatment.  

  

Characteristic OR (95% CI) 

Sociodemographic variables  
 Age at IS, per year 1.00 (0.98-1.03) 
 Sex, male 1.53 (1.04-2.25) 
 Socioeconomic status  
    Upper-white-collar worker Ref 
    Lower-white-collar worker 1.33 (0.66-2.69) 
    Blue-collar worker 3.08 (1.60-5.90) 
    Other or unknown 4.63 (2.17-9.88) 
IS characteristics 
  NIHSS at admission  
    0-5 Ref 
    6-10 1.54 (0.89-2.67) 
    11-15 1.59 (0.71-3.59) 
    16-20 1.52 (0.45-5.18) 
    ≥20 1.02 (0.15-6.98) 
  Infarct size  
    Small Ref 
    Medium 1.09 (0.70-1.71) 
    Large anterior 2.38 (1.22-4.68) 
    Large posterior 1.13 (0.62-2.06) 
  TOAST modified  
    Undetermined causes Ref 
    Large-artery atherosclerosis 3.61 (1.66-7.89) 
    High-risk sources of cardioembolism 2.21 (1.17-4.18) 
    Low-risk sources of cardioembolism 0.70 (0.34-1.43) 
    Small-vessel occlusion 1.67 (0.94-2.96) 
    Internal carotid artery dissection 1.12 (0.51-2.48) 
    Rare causes other than dissection 1.98 (1.08-3.63) 
    Vertebral artery dissection 0.88 (0.42-1.83) 
Symptoms and findings at hospital discharge  
  Aphasia  
    No Ref 
    Mild 1.34 (0.80-2.26) 
    Moderate-severe 2.74 (1.20-6.22) 
  Limb paresis  
    No Ref 
    Mild 2.18 (1.30-3.66) 
    Moderate-severe 6.11 (2.96-12.62) 
  Visual field deficit  
    No Ref 
    Mild 1.14 (0.59-2.21) 
    Moderate-severe 2.32 (1.12-4.81) 



6 DISCUSSION 

6.1 MAIN RESULTS IN THE CONTEXT OF EXISTING 
LITERATURE 

Study I. Cancer and IS. We found that 3.6% of our young IS patients had 
cancer diagnosed before IS. This is a somewhat smaller number than the 5.2% 
reported in an older Chinese patient cohort of IS patients with a mean age of 
72 years (Lau et al 2014), and in the Bergen NORSTROKE study (which was 
not limited to young IS patients) with cancer diagnoses found in almost 15.7% 
of patients before IS (Selvik et al 2014). In another study with 1453 IS patients 
(mean age 77.6 years), a total of 3.9% of patients had been diagnosed with 
having cancer before or at IS onset, a number close to ours (Zhang et al 2007). 
Similarly, one Swedish study found a similar number as ours of prior cancer in 
patients aged 15-44 years with ischemic or hemorrhagic stroke, 4.6%, but they 
included also benign and unspecific neoplasms into their study (Bergman et 
al 2015). On the other hand, our study found that 0.3% of patients were found 
to have cancer during hospitalization of IS, which is within a similar range as 
in the Australian study which found cancer during hospitalization for IS in 0.7% 
of patients (Zhang et al 2007). 

With a median time from stroke onset to cancer diagnosis being 14 months, 
cancer was diagnosed after IS in 4.3% of patients during a median follow-up 
of 26.9 months in an older Norwegian cohort, a number again in line with ours 
(Selvik et al 2015). Our median time from IS to poststroke cancer diagnosis 
was almost seven years, reflecting perhaps the younger age of patients in 
HYSR compared with the Norwegian patient cohort.  

The three largest groups of cancer were lung/respiratory tract cancers, 
breast cancers, and gastrointestinal tract/hepatobiliary/liver cancers in study I. 
This is almost in accordance with the most common cancer types overall found 
in Finland, which for women are breast, bowel, and lung cancer, and for men 
prostate, lung, and bowel cancer (Cancer Statistics). Also in the Norwegian 
study, most cancers were lung and respiratory tract cancers, namely 19.0% 
(Selvik et al 2015). In the Norwegian study, however, the second largest group 
of cancers was the group of prostate cancer (15.9%), which was rarer (10.4% 
including also urinary tract cancers) in our population, perhaps due to the fact 
that only cancers with invasive properties were included in our study. Then 
again, in both studies, gastrointestinal tract cancers and breast cancers were 
the following largest groups of cancers.  

Some studies in older patient populations have reported that 
cardioembolism or unknown cause are the main causes underlying IS in 
patients with cancer (Navi et al 2014, Selvik et al 2014). However, in one small 
study, cancer and non-cancer IS patients did not have a statistically significant 
difference in the etiology of stroke (Zhang et al 2007). In comparison, 



regarding different TOAST etiologies in our descriptive analyses, 
cardioembolism, small-vessel occlusion, VAD, and undetermined cause of IS 
were more frequent in patients without cancer than in patients with a history of 
cancer. However, with multiple comparisons and low numbers of patients, 
these results should also be interpreted with caution.  

The Australian study lacked differences in vascular risk factors between 
cancer and non-cancer patients (Zhang et al 2007). On the contrary, our study 
found that post-stroke cancer patients were more often smokers and heavy 
drinkers, and that both prestroke and post-stroke cancer patients were older 
than patients without cancer. The Norwegian study found similar results 
regarding the age and smoking status in their study (Selvik et al 2014). Our 
study lacked data on patients’ levels of D-dimer and fibrin degradation 
products, which have been associated with cancer-associated IS (Kono et al 
2012). In the multivariable model adjusted for known predictors of outcome 
after IS, we found that prior cancer was associated with an increased risk of 
death, again supported by other studies (Selvik et al 2014). The aim of our 
study was not to look at the reason for this increased risk of death, but one 
might speculate that this could possibly be dependent more on cancer than 
stroke biology. 

Due to the small number of cancer cases in the HYSR cohort, many of the 
findings in study I should be interpreted with caution. Further studies in young 
adults with larger sample sizes are thus indicated. 
 
Study II. Recurrent cardiovascular events. After a median of 10.1 years, 
152 (15.7%) patients died, and the cumulative 15-year risk of vascular death 
was 11% in the HYSR cohort (II). This is pretty much in the same magnitude 
with a previous study in a young stroke cohort, where 20.0% of TIA, IS, and 
HS patients died during a mean follow-up of 11.1 years (Rutten-Jacobs et al 
2013a). As our study II included all hospital admissions related to major 
cardiovascular morbidity as endpoints, we found a higher 15-year risk of 
cardiovascular events, 36%, than most studies, as the FUTURE study found 
a 27% cumulative risk of composite arterial events including hemorrhagic 
strokes, and the Italian study a 10-year 15% cumulative risk of IS, TIA, MI, or 
other arterial events (Rutten-Jacobs et al 2013b, Pezzini et al 2014). Similarly, 
we found a higher cardiac event rate, 16.4/1000 person-years, than a Dutch 
study, 2.7/1000 person-years for women (Maino et al 2016b). However, our 
rate dropped to 6 per 1000 person-years if limiting to MI as an outcome event.  

The around 19% cumulative 15-year risk of recurrent stroke among HYSR 
patients is in line with the 10-year cumulative risks of around 14% found in the 
Italian study including only ISs, and around 13% found in the FUTURE study 
including both hemorrhagic and ischemic strokes (Rutten-Jacobs et al 2013b, 
Pezzini et al 2014). However, an older Spanish study reported a higher 
cumulative 2-10-year risk, 24% (Varona et al 2004). The 15-year cumulative 
risk of peripheral arterial events in our study was around 7%. It is difficult to 
compare this number directly with other studies, as in most other studies 



peripheral arterial events and cardiac events were combined together into one 
outcome event (Rutten-Jacobs et al 2013b, Pezzini et al 2014).  

The cumulative 15-year risk for venous events in our study was low, around 
4%. Similarly, Bos et al did not find any PE and only two DVTs among 40 
cardiovascular events after on average 2.5 years from TIA and IS in young 
adults (Bos et al 2005).  

Regarding different TOAST categories, we found similarly to the Italian and 
FUTURE studies, that highest risks for future cardiovascular events were 
found in the LAA and CEH groups. Direct comparison between studies is not 
possible due to different etiological classifications and study designs. 
Regarding risk of recurrent strokes, the FUTURE study found the highest risk 
in the lacunar stroke group (Rutten-Jacobs et al 2013b). We also found in the 
fully adjusted model, that the third highest risk was in the SVO group, right 
after LAA and rare causes other than dissection, although lacking statistical 
significance. The 15-year incidence rate for recurrent stroke in our study was 
accordingly the second highest in the small-vessel-disease group, namely 
28.9/1000 person-years. For future cardiac events our study found, not 
surprisingly, that the highest risk was found in the CEH group. The incidence 
of future peripheral arterial events was highest in the SVO group. As these 
outcomes are often combined into ‘other arterial events’, it is difficult to do a 
direct comparison to other studies.  
 
Study III. Pregnancy and delivery complications. Although previous studies 
have found an association of previous gestational diabetes (Shah et al 2008), 
pre-eclampsia (Bellamy et al 2007), low birth weight (Naess et al 2013d), and 
spontaneous preterm delivery (Heida et al 2016), with subsequent CVD 
including stroke, our study did not find such statistically significant associations 
in these subgroups of outcomes. However, with the composite outcome 
consisting of nine different sub-outcomes, adjusted for smoking and 
socioeconomic status of the mother, there was a borderline statistical 
significance (p=0.05) higher incidence of pregnancy- and delivery-related 
complications compared with control mothers before IS. It is possible that our 
study cohort was too small to detect these differences in the incidence of sub-
groups of complications. Interestingly though, in our descriptive analyses 
without statistical testing applied, the number of induced abortions, 
spontaneous abortions, and CSs in their previous pregnancies at first 
pregnancy after IS seemed to be greater for IS than for matched control 
mothers (study III), thus suggesting that stroke mothers have encountered 
problems with reproductive health already prior to IS. 

To date, there is a lack of studies addressing pregnancy and delivery 
outcomes within mothers with a history of IS. One small French study included 
both ISs (n=373) and CVTs (n=68) in their study cohort, possibly influencing 
the results (Lamy et al 2000). Also, this study lacked quantitative data analyses 
on different pregnancy and delivery outcomes, as well as a fixed control group. 
However, the authors concluded that the outcome of pregnancies and 



deliveries after stroke was comparable to those among the general population. 
Our study found a higher incidence of hospital admissions within mothers with 
a history of IS compared with matched controls, with an IRR of 1.9, when 
adjusted for smoking and socioeconomic status. However, the overall 
composite outcome did not reach statistically significant increases in the 
incidence of adverse pregnancy outcomes after IS. Thus, further studies with 
larger patient cohorts are warranted. 
 
Study IV. Return to paid employment. The percentage of patients in our 
study that were working one year after IS (62.4%) is within a similar magnitude 
as reported in most other studies, although there is a large range in the 
numbers reported (0-100%) (Daniel et al 2009), depending on the study 
design. A more recent review including 29 studies reported that return to work 
increased with time, as 0-6 months post-stroke 41% of patients had returned 
to work, at one year 53%, at 1.5 years 56%, and at 2-4 years 66% of patients 
(Edwards et al 2018). Our study however, found the contrary, as at one year 
around 62% were working, at 2 years 58%, and at 5 years 53%, the 
percentage not working increasing with longer follow-up. Similar to this, a 
Dutch study reported that there is an increasing proportion of IS survivors that 
are left unemployed as more time elapses from IS (Maaijwee et al 2014a). 
One can only speculate whether this is a result of residual deficits that are not 
visible in neuropsychological testing preceding the right to return to work after 
IS, or possible recurrent vascular events, death, or for instance symptomatic 
epilepsy. Additionally, it is possible that fluctuating employment markets have 
an impact on the results of our study, as we had a recession in Finland in the 
early 1990’s and again starting from 2008. 

As other studies, we also found that socioeconomic status has an impact 
on the probability of returning to work (Tanaka et al 2014, Glader et al 2017), 
as white-collar workers had a significantly higher rate of returning to work 
compared with lower socioeconomic classes. Additionally, one might 
speculate whether white-collar workers might also have a higher motivation to 
return to work than people from lower socioeconomic classes. However, 
interestingly, the Dutch study did not find an association between education 
and return to work (Maaijwee et al 2014a).  

It could be that office work is easier to return to compared with physical 
work or  work where driving vehicles is needed, as we found that clinical 
factors easily available at discharge from hospital were associated with not 
being able to return to work: moderate to severe aphasia, any severity of limb 
paresis, and moderate to severe visual field deficit. Accordingly, other studies 
have reported that the function of hemiplegic hand, ability to walk, run, and 
normal muscle strength, as well as aphasia have had an impact on a person’s 
ability to return to work (Saeki et al 2004, Lindstrom et al 2009, Saeki et al 
2010, Tanaka et al 2014). All in all, study IV showed that IS has major effects 
on vocational activities in the long-term follow-up.   



6.2 LIMITATIONS AND STRENGTHS 

There are several possible sources of bias in the study design and used 
statistical methods that should be considered when interpreting the results of 
these studies (I-IV). 

 
Possible bias concerning HYSR registry data. HYSR is a hospital-based 
registry, but can almost be considered a population-based registry in that 
almost all young IS patients from a population of around 1.5 million people 
residing in the greater Helsinki area are treated exclusively in the Department 
of Neurology, Meilahti Hospital, at least during the acute stage of their disease. 
Yet, there might be some cases that did not end up in this registry, meaning 
that they were treated at other hospitals or died at home or elsewhere without 
a resulting hospitalization, resulting in selection bias. Also, the collection for 
HYSR started 1994 and ended 2007, meaning that many etiological 
investigations, first and foremost imaging of the brain and vessels, evolved 
during the time course of the enrollment period. This might result in some IS 
mimics considered falsely as IS cases, although we did try to retrospectively 
exclude the mimics (n=4) from our analyses. Detection bias could also result 
in false classification of etiology of IS due to older imaging techniques and 
varying etiologic work-up strategies. In HYSR, a total of 60% of patients 
underwent transthoracic echocardiography. No actual computed tomography 
(CT)/MRI lesion was found in only 87 (8.6%) cases. CT was performed for 942 
(93%) patients, and MRI for 671 (67%) patients (Putaala et al 2009b), and thus 
most patients were brain-scanned twice, and most typically with CT and MRI. 
Therefore, the possibility of misclassification is somewhat small in the HYSR 
cohort, and similar limitations are found in most young stroke registries that 
exist. Also, recall bias among patients in HYSR could result in false data 
regarding risk factors for IS, especially family history of stroke and history of 
TIA, to name a few.  

Also, including only patients who survived over 30 days after the index 
event in Study II might underestimate the effect of severe ISs in our results. 
However, this was done to focus on the long-term outcome of these patients. 
In Study IV, we also excluded those patients with severe ISs (NIHSS at 
discharge >15) from the main analyses, as it was thought that these patients 
have low chances in returning to work anyhow.  
 
Possible bias concerning outcome data. The outcome data came from 
different registries for all of the studies (I-IV), possibly leading to detection bias. 
In the era of ICD-8 and ICD-9, the agreement rate for first-ever cerebral 
infarction diagnosis found in HDR, and compared with patient record data, was 
90% (Leppala et al 1999). However, in a subsequent study using the 
FINMONICA Stroke Register as the reference (Tuomilehto et al 1996), the 
accuracy of acute stroke diagnoses 1983-1988 in HDR was low, as 40-50% 
with these diagnoses were not acute strokes, but sequelae of stroke (Mahonen 



et al 2000). This problem was in part overcome after introduction of ICD-9 with 
a separate diagnosis code for sequelae of stroke (438) (Tautiluokitus 1987). 
Our study II addressing recurrent events looked at years starting from 1994, 
which minimizes the problem of possible sequelae of stroke included as an 
acute stroke. Also, we verified these cases from original patient records when 
possible, also decreasing the possibility of confounding. Still, HDR covered 
over 90% of hospital admissions due to acute stroke and the missing events 
could be explained with error in the personal identification numbers linking the 
person to the registry and differences in recording an event leading to death 
at the emergency room as a hospitalization or not (Mahonen et al 2000). The 
agreement of other stroke subtypes, SAH and ICH, were better than for IS.  

Similarly, in a study by Pajunen et al. (2005), which analyzed the validity of 
data in HDR and Causes of Death Registry on coronary heart disease, in 
patients aged 35-74 years, the sensitivity, i.e. the proportion of MIs that were 
correctly identified as such, varied from 61-96% 1988-2002. Accordingly, the 
positive predictive values (number of true positives divided by the number of 
true positives and the number of false positives) were over 79-97% in both 
sexes.  

In a subsequent study by Tolonen et al. (2007), which examined the 
validation of HDR and Causes of Death Registry data on stroke diagnoses 
coded with ICD-9 and ICD-10 against the population-based FINSTROKE 
register, found a sensitivity of 86% for fatal and 85% for non-fatal first strokes, 
and a positive predictive value of 92% for fatal and 85% for non-fatal first 
strokes 1993-1998. After changing from ICD-9 to ICD-10, the sensitivity of 
detecting stroke with registry data decreased somewhat, from 88% to 83%. 
The positive predictive value for all common diagnoses was in a systematic 
review including 32 studies comparing HDR data to external information 75-
99% (Sund 2012). As these studies indicate that detection bias is possible 
when using registry data, in Studies I-II, all events obtained from the HDR/Care 
Registry, were whenever possible verified from patient records by a physician.  

The majority of data in Causes of Death Registry kept by Statistics Finland, 
comes from clinical data recorded by a clinician either based on clinical or 
pathological diagnosis (Official Statistics of Finland: Causes of Death). The 
autopsy rate in Finland is the highest in the Nordic Countries. However, the 
autopsy rate has declined since 2010. In 2015 an autopsy was performed for 
21% of the deceased, 16% of them being forensic autopsies, and the rest (5%) 
were done for medical reasons. Therefore, some reasons for death in our 
study might be misclassified. Still, the coverage of Causes of Death registry is 
number-wise nearly 100 %, as the deaths are verified also from the Population 
Information System. In the era of ICD-8 and ICD-9, the agreement rate for 
death resulting from cerebral infarction found in this registry, and compared 
with patient records, was 92% (Leppala et al 1999). As we only included an 
event as vascular death in case any of the three primary diagnoses were 
vascular, and the validation studies have included also the contributing 
causes, this should also add precision in our study’s (II) findings. 



 
Limitations with statistical analyses. Concerning statistical analyses, the 
study had several limitations. There could be residual confounding, although 
in most studies we tried our best to adjust for known confounders when 
possible in our analyses. For instance, in Study III, we did not have enough 
data on BMI of the mother or medical therapy used during pregnancy or 
puerperium that we could have adjusted for these in our analyses. Also, data 
on socioeconomic status was missing for some mothers hampering the results 
of the adjusted analyses (Study III). In addition, there could be residual bias, 
as all of the matching criteria of IS mothers and matched controls could not be 
met.  

Proportionality assumptions should be met, meaning that the ratio of the 
hazard functions for persons with and without a given risk factor should be 
constant over the entire study period when using Cox Proportional hazards 
models. This did not end up being a major issue in our studies, although some 
might argue that in Study II, with the Kaplan-Meier curves depicting the 
cumulative risks for composite vascular events, the curves somewhat 
overlapped especially at the end of follow-up, with fewer cases left. This might 
be true, but still these figures gave essential insight into the different risks in 
different etiologic categories, although specifically at the end of the follow-up, 
the curves should be interpreted with caution. 

Competing risks might be problematic in long-term follow-up studies. In 
Study II, the limited number of competing events might have resulted in 
overestimation of risks in the Kaplan-Meier analyses, as the sum of absolute 
risks can be over 100% (Verduijn et al 2011, Noordzij et al 2013). This 
overestimation can be fairly limited, as the competing event in our analyses is 
non-cardiovascular death, which is not that highly incident in our dataset. Also, 
the risk decrease over time might be explained by the fact that an event might 
occur in risk-prone individuals earlier during follow-up. In Study III, data on 
miscarriages were not available, and thus were not included in the analyses. 
However, a miscarriage could act as a competing outcome, and thus could 
influence the results on pregnancy- and delivery-related complications in our 
study. 

Overfitting in the multivariable analyses might be a problem. Usually 
overfitting is considered a problem, if there are more than one predictive 
variable for every ten events, but there are also less conservative views on 
this topic (Harrell et al 1985, Vittinghoff et al 2006). Overfitting might be an 
issue especially in the multivariable Cox regression analyses in smaller cancer 
subgroups in Study I, possibly leading to bias. However, as this was a 
descriptive study in many ways, this risk was accepted. Similarly, adjustments 
for multiple comparisons were not made. 

Finally, the sample sizes were too small to detect differences in rarer 
outcomes in studies I, II (especially venous events), and III. However, these 
studies were in many ways first of their kind in analyzing these rare events, 



and thus even though being mainly descriptive, add to the current literature 
regarding these important topics. 
 
Strengths. This study has also, despite its limitations, its strengths. Helsinki 
Young Stroke Registry still remains one of the most comprehensive registries 
in the world in the young IS field, covering detailed data on risk factors, 
etiology, diagnostics, and long-term follow-up.  

Finland has unique historical registry data as it is one of the few countries 
in the world where the causes of death have been registered since the middle 
of the 18th century. Our other national registries in Finland have also valid and 
comprehensive data, which is unique to the Nordic Countries. We have our 
own unique personal identification number for every person residing in 
Finland, with which we can link data easily and with great reliability. We have 
access to data both from the public and private healthcare sectors, earnings, 
pensions, and deaths, throughout our country. It is also a major strength that 
we could also check the majority of our outcome data used in two of our 
studies (I-II) from patient records, making the data even more reliable. 

6.3 IMPLICATIONS FOR FUTURE RESEARCH 

The patient cohort of HYSR was collected 1994-2007, and as IVT with 
alteplase received approval for use in acute IS by the European Medical 
Agency 2002, the majority of patients have been recruited during an era when 
IVT was not in routine clinical practice. In addition, in 2015 five randomized 
clinical trials showed the benefit of mechanical thrombectomy with or without 
IVT compared with no procedure in acute IS with a major vessel occlusion, 
with numbers needed to treat in achieving mRS 0-2 (independence in daily 
activities) ranging from three to seven (Berkhemer et al 2015, Campbell et al 
2015, Goyal et al 2015, Jovin et al 2015, Saver et al 2015). These two highly 
effective acute IS treatments, nowadays used in routine clinical practice, will 
have a positive impact on the short- and long-term outcome of young IS 
patients. It would thus be important to study the outcome of young IS after the 
implementation of these treatments, preferably in a prospective setting. 

Multi-center studies are warranted for obtaining larger sample sizes in 
unravelling the risk factors, causes, and prognosis in young stroke patients 
and such studies are the ongoing study SECRETO among cryptogenic IS 
patients (Putaala et al 2017) and the ‘Global Outcome Assessment Life-long 
after stroke’ (GOAL initiative). Multi-center studies recruiting large numbers of 
young stroke patients with detailed clinical, laboratory, imaging, and outcome 
data should preferably also include genetic data as it its highly likely that 
genetics play a more significant role among young IS compared with older 
onset IS. Such multi-center studies could also aid in obtaining important 
prediction models for high-risk groups of patients in order to target secondary 
preventive measures more accurately. 



In addition, population-based study cohorts are needed, as older studies 
are mostly hospital-based and thus might suffer from selection bias. Studies 
in other ethnic populations, such as the ongoing Stroke in Korean Young 
Adults Study (Kwon et al 2016) and Stroke Registration of Young Adults in 
China (Clinicaltrials.gov), are warranted, to have data on young stroke among 
different ethnic groups. Also, studies in developing countries are needed, as 
the prevalence, incidence, and mortality, as well as the etiology of IS differ 
from those in the developed countries. 

Further studies on stroke and women and their reproductive health, choice 
of medical therapy during their subsequent pregnancies, and choice of 
delivery method, and pregnancy and delivery outcomes, are warranted. For 
instance, an international prospective registry on pregnancy-related strokes 
and women having experienced a stroke could be useful. In addition, most 
studies on stroke treatment have a minority of women recruited, and thus all 
future trials should aim at increasing gender equality in patient recruitment. 

Studies with modern imaging techniques, such as the prospective 
Norwegian Stroke in the Young Study II, are required to overcome the possible 
bias regarding stroke detection, which has been present in older studies 
among young IS (Norwegian Stroke in the Young Study II).  

The financial impact of young IS on not only the individual and their family, 
but the whole society should be addressed in future studies. Patient education 
and educating the public would be helpful in not only detecting future events, 
but also as a primary and secondary stroke preventive action. Further studies 
also on the use of social security benefits, rehabilitation needs, and quality of 
life are warranted. 

Finally, clinical trials on primary and secondary prevention targeted for 
young adults, including lipid-lowering, antihypertensive, and antithrombotic 
treatment, as well as lifestyle modification, are necessary. More studies should 
address especially primary prevention of stroke as recent data suggest that 
ISs in young adults have been increasing globally. Clinical trials on recurrent 
events and their optimal treatment strategies and tertiary prevention methods 
would be useful. The etiological spectrum in young IS should be considered in 
future trials of secondary prevention, as the outcome seems to differ in 
different subgroups of patients. Specific interventions targeted at various 
psychosocial consequences of IS, namely cognitive impairment, return to 
work, pain, mental disorders, and fatigue, are also needed.  



7 SUMMARY AND CONCLUSIONS  

Compared with the Hippocratic times, we have learnt a lot on stroke in general, 
and on IS in young adults. Stroke in the 21st century does not always anymore 
mean ‘struck with violence as if by a thunderbolt’, thanks to the advanced 
acute stroke therapies, secondary prevention, and rehabilitation strategies. 
There is also some evidence that the risk of death and recurrent strokes is 
declining. 

However, the long-term outcome remains relatively poor for these young 
adults, at least when taking into account that these patients should be living 
their most productive years. After a median 10-years follow-up almost 16% of 
30-day survivors had died after IS, and the cumulative 15-years risk for 
vascular death was 11%, and for recurrent cardiovascular events in total 36%. 
Particularly some subgroups of patients must be pointed out of the total young 
IS population. The worst prognosis seems to be for those individuals with 
etiologies of LAA and CEH underlying their index ISs regarding the long-term 
risk of vascular death and future cardiovascular events. Long-term incidence 
rates for recurrent strokes are highest for patients with LAA and SVO 
underlying the index event, followed by CEH, rare causes other than 
dissection, undetermined causes, CEL, and patients with cervical artery 
dissections. Regarding clinical practice, it might be beneficial to follow up 
those patients at highest risk of recurrent events closely for years after the 
index event, and make sure that they are on optimal secondary preventive 
medication. On the contrary, those patients with cervical artery dissection or 
CEL causing their initial strokes, have a much more favorable long-term 
outcome, at least when surviving over the first 30 days after the index event. 
These patient groups might be managed with lighter long-term surveillance. 

Also, patients with cancer, and especially active cancer have a poor 
survival compared with patients without cancer in the young IS population. 
There is a borderline in statistical significance increased incidence of 
pregnancy- and delivery-related complications in young adults before having 
IS, and after IS these patients have more hospitalizations during their 
pregnancies than mothers without a history of stroke. At one year after IS, 38% 
of patients were not working, the number increasing up to 47% at five years 
from IS. Clinical symptoms easily attainable at hospital discharge, such as 
aphasia, visual field deficit, and limb paresis, are associated with not returning 
to work at one year after IS. 

Hopefully in the future we will have more data on how to better address the 
secondary prevention of these young individuals in all the different etiological 
subgroups of patients with IS, and during pregnancy, as well as have data on 
best interventions regarding return to work and other psychosocial 
consequences, in order to improve the outcome of these young adults with IS. 
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