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Stroke in young adults 
Stroke affects about 15 million persons worldwide, resulting in death in approximately 

a third of all cases and significant disability in the survivors.1

Stroke is an umbrella term for ischaemic stroke, intracerebral haemorrhage, and a tran-

sient ischaemic attack (TIA). Ischaemic stroke is caused by a sudden occlusion of an ar-

tery in the brain, impairing blood flow and thus oxygen delivery to brain parenchyma. 

In a majority of cases, this occlusion is the result of an embolus originating from the 

systemic circulation (heart, aortic arch, carotid arteries) or a consequence of endothelial 

damage with clotting of blood platelets and other coagulation factors.2, 3 TIA’s have the 

same pathophysiological mechanisms as ischaemic stroke. The only difference is the 

arbitrarily chosen cut-off duration of symptoms of less than 24 hours for a TIA and more 

than 24 hours for an ischaemic stroke. Intracerebral haemorrhages account for approx-

imately 20% of all strokes. They are caused by the rupture of a cerebral blood vessel. 

In the Netherlands, each year approximately 41 000 patients are diagnosed with an 

ischaemic stroke or intracerebral haemorrhage.4 Up to 12% of these strokes occur in 

young adults between 18 and 50 years of age5  — a so-called ‘young stroke’ — and the 

incidence in this age group is rising.6 Stroke is clinically characterised by a sudden onset 

of loss of motor, sensory, visual, speech or language function, depending on the local-

isation of the lesion. Although being an acute event in onset, post-stroke impairments 

can have a more prolonged course and a life-long negative impact on daily life. These 

long-term effects are of particular importance in young patients, since they usually 

have a long life expectancy of decades ahead.

For the studies described in this thesis, we defined ‘young stroke’ as a TIA, ischaemic 

stroke or intracerebral haemorrhage in adults aged 18 through 50 years. 

Long-term neuropsychological and social consequences
The first thing that usually might come to mind considering post-stroke disability is mo-

tor impairment. This is substantiated by the fact that one of the most frequently used 

functional outcome scales after a stroke, the modified Rankin Scale,7 predominantly 

assesses motor performance. In the first weeks after the stroke, patients and caregivers 

mainly focus on these physical impairments and their recovery. However, less visible 

consequences may become apparent only after this time, consisting of subjective and 

objective cognitive impairment, but also fatigue or psychiatric disorders, such as de-

pressive symptoms and anxiety. These consequences have been extensively studied 

in elderly stroke survivors (>60 years of age).8-25 Less research has been performed in 

young stroke patients on these topics,9, 26-34 although stroke survivors and their family 
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rate these topics as high priority in research, since these symptoms usually prevent 

return to pre-stroke life.35 

Findings from studies in older stroke patients cannot per se be generalised to the 

younger population. First, the prevalence of cognitive impairment and other neuropsy-

chological consequences may differ from older persons, as a result of different recovery 

patterns. Age-related neurodegenerative changes, for example amyloid plaques or ac-

cumulating small-vessel disease, may contribute to and exaggerate these neuropsy-

chological consequences in elderly stroke survivors. These changes will play a far less 

pronounced role in the occurrence of neuropsychological symptoms in young stroke 

patients, given their younger age. 

Second, the effects of neuropsychological consequences on daily life are different in 

younger than in older patients, due to different demands from their social environ-

ments. Young patients are in a phase of life during which they have to make important 

life-changing decisions, such as career movements or family planning. Neuropsycho-

logical consequences may possibly have an adverse effect on chances of returning to 

work.36 This will not only result in an individual loss, but also in loss of productivity and 

working years, thereby increasing burden to society.37

Third, most studies only included patients with an ischaemic stroke and excluded pa-

tients with a TIA or intracerebral haemorrhage. However, evidence is accumulating in 

older patients that a TIA might not be as transient as previously thought, with respect 

to less visible symptoms such a cognitive impairment.38, 39 Survival of intracerebral hae-

morrhage patients has increased,40 due to improved intensive and neurological care. 

So, the need for information on long-term consequences in this condition also arises.

Finally, given their usually long life expectancy, especially information on long-term 

consequences is of utmost importance for young stroke survivors. However, to date, 

long-term follow-up studies barely exist.26

Aims of the thesis and study design
The aim of this thesis was to investigate the long-term prognosis with respect to neuro-

psychological and social consequences after a stroke in young adults aged 18 through 

50 years, including post-stroke depressive symptoms, anxiety, fatigue, subjective and 

objective cognitive impairment, and post-stroke unemployment. 

The studies presented in this thesis are based on the ‘Follow-Up of Transient ischaemic 

attack and stroke patients and Unelucidated Risk factor Evaluation’ (FUTURE) study, a 

large cohort study of 1 005 patients, designed to investigate aetiologies and long-term 

consequences of a young stroke. All consecutive patients with a TIA, ischaemic stroke 

or intracerebral haemorrhage between 18-50 years, admitted to the Radboud Universi-

ty Nijmegen Medical Centre, The Netherlands between January 1, 1980 and November 

1, 2010 were included. Patients alive were invited for an extensive follow-up assessment 

between November 1, 2009 and January 1, 2012.

Exclusion criteria were traumatic haemorrhagic stroke, haemorrhage in known cerebral 

metastasis or primary brain tumor, cerebral venous sinus thrombosis, subarachnoid 

haemorrhage or intracerebral haemorrhage attributable to known ruptured aneurysm, 

and retinal infarction. 

In addition, 147 control subjects were recruited from the same environment as patients, 

including spouses, siblings, and other relatives. Controls had to be at least 18 years old, 

without a TIA or stroke in their medical history. They were matched with the patient 

group on age and sex. 

Outline of this thesis
In part I of this thesis, chapter 2 provides a critical review of the literature on risk fac-

tors, aetiology, and long-term prognosis of young stroke, including mortality and risk of 

cardiovascular disease, but also functional outcome and psychosocial consequences. 

The term ‘young stroke’ will be discussed and issues that need more investigation are 

pointed out.

Part II, chapter 3 describes the rationale and design of the FUTURE study.

In part III, chapter 4 reports on the long-term cognitive impairments in young isch-

aemic stroke patients. In chapter 5, the prevalence of subjective cognitive failures is 

reported in patients with a young TIA or ischaemic stroke. Subsequently, we inves-

tigated whether these subjective cognitive failures are related to objective cognitive 

impairment or not. The prevalence of depressive symptoms and anxiety is reported in 

chapter 6 and the prevalence of fatigue in chapter 7, both in young TIA and ischaemic 

stroke patients. The association of these symptoms with a poor functional outcome is 

described in these chapters. In chapter 8, we report on the long-term neuropsycho-

logical problems in the subgroup of intracerebral haemorrhage patients. Chapter 9 of 

this thesis reports on long-term unemployment rates in the young stroke population, 

compared with nationwide controls.

In part IV of this thesis, the main results from the studies in this thesis are summarised 

(Chapter 10) and discussed (Chapter 11), including possible implications for clinical 

practice and directions for future research. Chapter 12 contains the Dutch summary 

of this thesis. 
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Abstract
Contrary to trends in most other diseases, the average age of ischaemic stroke on-

set is decreasing, owing to a rise in the incidence of stroke among ‘young’ individu-

als (under 50 years of age). This review provides a critical overview of the risk factors 

and aetiology of young ischaemic stroke and addresses its long-term prognosis, 

including cardiovascular risk, functional outcome, and psychosocial consequenc-

es. We highlight the diminishing role of ‘rare’ risk factors in the pathophysiology 

of young stroke in light of the rising prevalence of ‘traditional’ vascular risk factors 

in younger age groups. Long-term prognosis is of particular interest to young pa-

tients, because of their long life expectancy and major responsibilities during a 

demanding phase of life. The prognosis of young stroke is not as favourable as 

previously thought, with respect either to mortality or cardiovascular disease or to 

psychosocial consequences. Therefore, secondary stroke prevention is probably a 

life-long endeavour in most young stroke survivors. Due to under-representation 

of young patients in past trials, new randomised trials focusing on this age group 

are needed to confirm the benefits of long-term secondary preventive medica-

tion. The high prevalence of poor functional outcome and psychosocial problems 

warrants further study to optimise treatment and rehabilitation for these young 

patients.

Introduction
Stroke is a devastating disease that affects 15 million patients worldwide each year, re-

sulting in death in about one-third of patients and severe disability in two-thirds of the 

survivors.1, 41 Approximately 80% of all strokes are ischaemic strokes, of which roughly 

10% occur in individuals under the age of 50 years — so-called ‘young stroke’.5 In this 

article, we review the literature on ischaemic stroke in these young patients. Age limits 

defining young stroke differ across studies,5, 27, 42, 43 but we chose to define young stroke 

as an ischaemic stroke in adults aged 18-49 years, as this was the age range generally 

used in large studies.26, 43, 44 For the sake of inclusivity, however, we will also report on 

results from some studies that used upper age limits of 45, 50 or 55 years.42, 45 Risk fac-

tors and management strategies for young stroke differ across the world, depending 

on factors such as genetic differences, environmental influences, and the development 

and accessibility of health services. In this review, we will focus on the situation in West-

ern societies, unless otherwise specified.

In recent years, we have witnessed a remarkable, unprecedented decrease in the av-

erage age of onset of ischaemic stroke in the overall population, which is mainly at-

tributable to an increased incidence of stroke in young adults.6, 46 Ischaemic stroke in 

young adults is often thought to be related to ‘rare’ risk factors and aetiological features 

that are very different from the ‘traditional’ vascular risk factors and aetiology seen in 

older stroke patients. However, the increase in stroke incidence in young adults has 

been found to be associated with a rising prevalence of some important ‘traditional’ 

vascular risk factors, including hypertension, hypercholesterolaemia, diabetes mellitus, 

and obesity, in this age group.6, 47 We will discuss the role of these risk factors from the 

perspective of the increased incidence of young stroke.

In addition to the identification of risk factors and aetiology, long-term prognosis after 

stroke is of particular interest from the perspective of young patients, as they usual-

ly have a life expectancy of several decades. Following a stroke, these individuals are 

suddenly confronted with uncertainties about their future in a period of life during 

which they might be preparing for decisive career moves or planning a family. There-

fore, information on long-term prognosis should include not only the risk of vascular 

and other diseases, but also the expected psychosocial consequences related to life 

after stroke — a topic reported to be among the top 10 research priorities for patients.48

In the first part of this review, we provide a critical overview of the existing literature 

on risk factors and aetiology of young ischaemic stroke. This section will include a 

methodological discussion on the rare risk factors and aetiology that have conven-

tionally been regarded as specific for young stroke, followed by a discussion of the 
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growing prevalence of traditional vascular risk factors among younger individuals. We 

will then review the life-long consequences of stroke in young adults, not only in terms 

of cardiovascular disease recurrence, but also with respect to less frequently studied 

but equally relevant consequences, including cognitive and social impairments, mood 

disorders, and fatigue.

Risk factors and aetiology 
The view that ischaemic stroke in young adults is different from ‘old stroke’ with respect 

to risk factors and aetiology originated predominantly from the many publications — 

mainly based on case series from tertiary hospitals — that reported on the high prev-

alence of unusual, rare conditions and risk factors among young patients with stroke.49 

These rare risk factors and aetiologies are extensively summarised in previous reviews 

and textbooks,2, 49 and will not be outlined in detail here. The term ‘risk factor’ is used 

to indicate that a certain factor was found to be associated with stroke in young adults. 

However, the mere identification of a risk factor does not imply that the aetiology is 

fully understood. Sometimes the risk factor is somewhere in the ‘causal pathway’ of 

the disease, and may give rise to a certain aetiology that in turn is associated with the 

disease; for example, hypertension is a risk factor, but atherosclerosis might be the un-

derlying causal aetiology of the stroke. For the purposes of this review, we will catego-

rise the aetiology according to the Trial of Org 10172 Acute Stroke Treatment (TOAST) 

classification, with ‘large-artery atherosclerosis’, ‘small-vessel disease’, ‘cardioembolic’, 

‘other determined’, and ‘cryptogenic’ as important aetiological subgroups.3

‘Rare’ risk factors and aetiologies
In Tables 1 and 2, we summarise data on 5 rare risk factors and 5 rare aetiologies that 

have been linked chiefly to stroke in young patients. The choice was based on the rel-

atively high prevalence of these factors and aetiologies in large, Western young stroke 

cohorts.43, 44 In other populations, the distribution of conditions in the TOAST category 

‘other determined aetiologies’ differs. For example, in Japan, moyamoya disease will be 

diagnosed more frequently in young patients with stroke, because the incidence and 

prevalence of this disease is much higher there than in other parts of the world, such 

as Europe.50

Table 1		 Top 5 most prevalent ‘rare’ risk factors for stroke in younga Western populations.

Risk factor

TOAST 

classificationb

Prevalence in 

young patients 

with strokec

Strength of 

association

Highest level 

of evidenced

Migraine51-55e Unknown cause 20-24% Pooled effect 

estimate ~2.056

A1, association 

proven for mi-

graine with aura 

only

Illicit drug use57-61 Other (rare) causes 9-20% OR 2.0 for 

cocaine;57 OR 2.3 

for cannabis;60f 

no significant 

association for 

amphetamines57

A2 for cocaine; B 

for amphetamines, 

cannabis and 

heroin

Patent foramen 

ovale62-65

Possible cardiac 

embolism; low-risk 

source

24%, up to 50% in 

stroke, classified as 

cryptogenic

Hazard ratio ~1.5 

(non-significant)63

A2, contrasting 

with evidence 

from B-level 

studies

Oral 

contraceptives54, 

66-71 

Other (rare) cause/

unknown

10-40% Summary OR 2.167 B

Pregnancy/

puerperium72-76

Other (rare) 

cause/unknown

7.5% in women Relative risk 8.7 

during puerpe-

rium, not during 

pregnancy74

A2, conflicting 

results

a.) Under 50 years of age; b.) TOAST classification, according to Ay et al. (2005)3;  c.) Sum of all prevalences 

exceeds 100%, because data were extracted from different study populations. In addition, conditions are 

not mutually exclusive in an individual patient; d.) Levels of evidence: A1, systematic review, based on at 

least 2 independent A2-level studies; A2, prospective cohort study of sufficient sample size and duration 

of follow-up, adequately adjusted for confounding and selective follow-up sufficiently excluded; B, pro-

spective cohort study, not meeting the criteria of A2, or retrospective cohort study, or case-control study; 

C, non-comparative study; D, expert opinion;  e.) Note that migrainous stroke is very rare;35 however, 

reports on the role of migraine as a risk factor for stroke are abundant;  f.) Not significant after correction 

for tobacco use.
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Table 2		 Top 5 most prevalent ‘rare’ aetiologies for stroke in younga Western populations.

Aetiology
TOAST 
classificationb

Prevalence in young 
patients with strokec

Strength of 
association

Highest level 
of evidenced

Non-inflammatory  arteriopathies

Arterial dissection (cervi-

cal or intracranial)77-81

Other (rare) 

causes

10-25% Not reported A2

Reversible cerebral 

vasoconstriction 

syndrome44, 82-84

Other (rare) 

causes

1-5% Not reported B

Inflammatory  arteriopathies

Inflammatory arteriitis85e Other (rare) 

causes

3-5% 

(all autoimmune vasculit-

ides combined)

Not reported B or C, 

depending on 

the underlying 

autoimmune 

disorder

Cardioembolic

Cardiomyopathy43, 44, 86 Cardioem-

bolism, 

high-risk source

2-3% Not reported A2

Prothrombotic state

Coagulation factors87-93 Other (rare) 

cause/un-

known 

Antiphospholipid syn-

drome: 10%f

Factor V Leiden: 3.0-7.5%

Antithrombin III deficien-

cy: 5-8%

Protein C deficiency: 

4-11%

Protein S deficiency: 6% 

(up to 23% in occasional 

studies)

Prothrombin  

mutation: 2-6%

OR 2.294

OR 1.0287

Not reported 

Not reported

Not reported

Not reported

A2 for anti-

phospholipid 

syndrome, 

conflicting 

results; 

B for other 

factors,

conflicting 

results

a) Under 50 years of age;  b) TOAST classification, according to Ay et al. (2005)3; c) Sum of all prevalences 

exceeds 100%, because data were extracted from different study populations. In addition, conditions 

are not mutually exclusive in an individual patient; d) Levels of evidence: A1, systematic review, based 

on at least 2 independent A2-level studies; A2, prospective cohort study of sufficient sample size and →  

←  duration of follow-up, adequately adjusted for confounding and selective follow-up sufficiently ex-

cluded. B, prospective cohort study, not meeting the criteria of A2, or retrospective cohort study, or 

case-control study; C, non-comparative study; D, expert opinion;  e) Including primary vasculitis and vas-

culitis secondary to collagen vascular diseases, and other systemic conditions (excluding those secondary 

to infections)85; f) Up to 46% in selected populations.

Aetiological subgroups, as described in Table 2, vary across sex and age categories. 

Extracranial arterial dissections are the most common ‘rare’ aetiological subgroup. Dis-

sections are found throughout all age categories and account for approximately 20% 

of strokes in patients under 45 years of age, but only for 2% of all ischaemic strokes. The 

highest incidence of dissections lies in the fifth decade; men and women are about 

equally affected, although women are, on average, 5 years younger when the dissec-

tion manifests.77, 78

Inflammatory arteriopathies, such as vasculitis, are a heterogeneous group, mostly con-

sisting of multisystemic inflammatory disorders affecting arteries of all sizes, depending 

on the disease.85 Some of these conditions virtually never occur in young adults; for 

example, giant cell arteriitis almost exclusively affects individuals over 50 years of age. 

However, other conditions, such as Takayasu disease, predominate in young females.85 

Of note, infectious diseases underlie a considerable proportion of cases of secondary 

vasculitis. In the developed world, hepatitis B and C remain the most common under-

lying infections, whereas HIV is a large problem in the developing world.95

Within the subgroup of cardioembolic stroke, cardiomyopathy is one of the most prev-

alent conditions in young patients with ischaemic stroke.43, 44 One would expect cardio-

myopathy to be associated with strokes earlier in life, because this condition often has 

an early age of onset. However, 1 study that stratified young patients with stroke by 

age category found no significant difference in prevalence between patients under 42 

years of age and those aged 42 years or older. In this study, cardiomyopathy was more 

than twice as prevalent in men than in women (15.5% versus 6.1%).44

Antiphospholipid syndrome is an important example of a prothrombotic state that is 

related to stroke in young adults. This condition has predominantly been studied in 

women. An increased risk of ischaemic stroke was found in association with this con-

dition in women under 50 years of age (OR 43.1, 95%-CI 12.2-152.0).96 Although some 

studies showed a clearer relationship in younger women than in older populations, 

another study showed no age differences in a young stroke population.97

Of note, some of the risk factors mentioned in Table 1, such as illicit drug abuse or the 

presence of a patent foramen ovale (PFO), are seen as being quite specific to young 
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adults, but they can actually occur throughout the human life span. In older adults, 

however, the relative presence of these risk factors is much lower than in young adults, 

as the absolute numbers of patients with traditional cardiovascular risk factors and a 

proven aetiology, such as large-artery atherosclerosis, small-vessel disease or cardioem-

bolic stroke, is much higher.

For most of the risk factors in Table 1, only weak associations with respect to young 

stroke have been reported. Moreover, the extent to which a risk factor is judged to be 

causal in the origin of a disease might depend on the quality of the study. To increase 

the likelihood of causality, studies would have to show that the effects of risk factors 

are, among other criteria, dose-dependent and time-dependent.98 Double-blind ran-

domised trials or large, prospective cohort studies would be needed to meet these 

requirements. 

Associations for most of the reported risk factors were derived from case-control stud-

ies or case series, which are prone to various forms of bias because they are hospi-

tal-based and often limited with respect to sample size. First, information bias — in 

particular, recall bias — needs to be considered. Remarkable events in the recent past, 

such as infections, might be more readily remembered by a patient in the aftermath 

of a stroke than by a person who has not experienced a stroke. Acute respiratory tract 

infections have been implicated as trigger factors for stroke, as have chronic infections, 

such as chronic bronchitis.99 The potential role of these infections as trigger factors 

was supported by the fact that their association with stroke was time-dependent and 

dose-dependent. However, the evidence derives mostly from case-control studies with 

methodological limitations.

Second, referral bias could be an issue. Young stroke cases described in the literature 

are often selected from a population that was referred for a second opinion to a ter-

tiary academic centre. These cases usually represent a selection of patients in whom 

no aetiology could be established on the initial investigations. Subsequent additional 

investigations may have revealed incidental or presumed abnormal findings (for exam-

ple, a PFO) that were not necessarily causal factors.

Last, confounding can contribute to bias; for example, in many small studies, traditional 

risk factors were not appropriately adjusted for in the analysis.

Traditional vascular risk factors
Whereas the role of rare risk factors in the pathophysiology of young stroke seems 

overestimated, the role of traditional vascular risk factors may have been underesti-

mated.5, 6, 43, 45, 100-105 The rising incidence of stroke in young adults coincides with an 

increasing prevalence of traditional vascular risk factors in this age group,43, 45, 82, 101 which 

is at least supportive of a relationship between the two, although causality remains to 

be proven. Hypertension is reported in 19-39% of all young patients with stroke, dyslip-

idaemia in 17-60%, diabetes in 2-10%, smoking in 42-57%, and obesity in 10-20%.5, 43, 45, 

100-103 Figure 1 illustrates the increase in prevalence of the traditional vascular risk factors 

with age, indicating a sharp rise in the prevalence of hypertension — and, to a lesser 

extent, hypercholesterolaemia — over the age of 35 years. 

Figure 2 shows that the number of traditional vascular risk factors per patient increases 

with age: in patients over 35 years of age, only a small fraction of patients has no vas-

cular risk factors.

Despite the high prevalence of traditional vascular risk factors in young adults with 

stroke, a proven causal aetiology, such as large-artery atherosclerosis, remains to be 

identified in a large proportion of cases.82 However, improved diagnostics, including 

high-resolution plaque and vessel wall imaging, might increase the likelihood of di-

agnosing a causal aetiology, especially among patients with vascular risk factors, by 

enabling detection of earlier stages of atherosclerosis.106

Given the abundance of traditional vascular risk factors, the proven presence of large-ar-

tery atherosclerosis might obviate the need for further diagnostic work-up, although 

the safety of this strategy requires confirmation in diagnostic studies. In patients with-

out any proven aetiology, ancillary investigations are indicated to further unravel po-

tentially treatable rare risk factors and aetiologies.
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Figure 1 	 Prevalence of traditional vascular risk factors in young patients with stroke.

Graphs show the prevalence of various traditional vascular risk factors by age category, for A | men and B 

| women. Data were pooled from the 15 Cities study,101 FUTURE study,102 and SIFAP1 study.45
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Figure 2	 Age-specific proportions of patients with traditional vascular risk factors, strati- 

				    fied by sex.

Graphs show the prevalence of no, 1, or 2 or more traditional vascular risk factors in different age cate-

gories, for A | men and B | women. Traditional vascular risk factors that were considered were diabetes, 

hypertension, smoking, and hypercholesterolaemia. Data are extracted from the SIFAP1 study.45
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Cardiovascular prognosis

Mortality
Prognosis in terms of mortality was usually considered to be favourable in young pa-

tients with stroke, given the lower short-term mortality rates compared with older pa-

tients.107 However, long-term follow-up studies in young patients found 5-year cumu-

lative mortality ranging from 9-11%, while the 10-year cumulative risk of death ranged 

from 12-17%.27, 103, 108-111 In 30-day survivors of a young ischaemic stroke, 20-year cumula-

tive mortality was reported to be 27%, which is 4 times higher than that of individuals in 

the general population matched for age and sex.110 As Figure 3 shows, excess mortality 

is present across all age groups of young patients with stroke, but especially in those 

over 35 years of age, in whom vascular risk factors are also highly prevalent.

Figure 3	 Long-term cumulative mortality in young patients with stroke and the general 

				    population with similar age, sex and calendar-year characteristics.

Figure shows the excess mortality of young patients with stroke, compared with the general population, 

stratified by age <35 years or ≥35 years. Based on data from the FUTURE study.110

Cu
m

ula
tiv

e r
isk

 (%
)

Stroke  patients  18‐34 years Stroke  patients  35‐50 years

General  population 18‐34 years General  population 35‐50 years

20

30

40

 
 

0

10

0                              5                              10                             15                            20

Follow-up duration (years)
   

14 extra
deaths per
1000 person
-years

6 extra
deaths per
1000 person
-years

In young adults who died during a 5-year109 or a 20-year110 follow-up period after stroke, 

vascular disease was the main cause of death. More than half of the deaths resulting from 

vascular disease were attributable to a vascular cause other than stroke. These findings 

suggest that the underlying (vascular) disease that caused stroke at a relatively young age 

continues to put these patients at an increased long-term risk of vascular disease.

Figure 4	 Risk of death or recurrent vascular events, stratified by number of traditional  

				    vascular risk factors. 

Figure shows risk of A | mortality and B | recurrent vascular events, stratified by the number of risk factors 

present. Risks are adjusted for age and sex. Traditional vascular risk factors that were considered were 

diabetes, hypertension, smoking, and hypercholesterolaemia. Based on data from the FUTURE study.102, 110
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Figure 4	 Continued

Recurrent vascular eventsB
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Recurrent vascular events
In the first few years following a young stroke, patients are at a substantial risk of stroke 

recurrence (annual risk 1-3%)5, 27, 102, 112-114 and, to a lesser extent, other cardiovascular vas-

cular events (annual risk 0.5-1.0%).102, 113, 114 In the decades that follow, the risk of recurrent 

events continues to be elevated, leading to a cumulative risk of 20% for recurrent stroke 

and 17% for other cardiovascular events.102, 103, 113

Identification of high-risk groups 
High-risk groups in terms of recurrent mortality and cardiovascular events were iden-

tified on the basis of the TOAST classification.3 The atherothrombotic stroke category 

was found to have the highest risk of mortality and recurrent stroke, compared with the 

other TOAST categories.35, 102, 110, 115 

Risk factors that were associated with the highest 5-year risk of recurrent stroke pre-

dominantly included the traditional vascular risk factors, including age over 40 years, 

history of transient ischaemic attack, type 1 diabetes, and the use of antihypertensive 

medication.114 The studies available found that the risk of mortality109, 111, 116 and recurrent 

vascular events102, 114 increased in parallel with the number of traditional cardiovascular 

risk factors present (Figure 4). Cardioembolic strokes were also associated with higher 

risks of mortality and recurrent vascular events.102, 110

Racial disparities in cardiovascular prognosis after young stroke have also been ob-

served. In a short-term follow-up study of young stroke patients aged 18-45 years, 

black individuals had the highest 30-day risk of mortality: 10%, about 4 times the risk 

in Asians.117 White individuals had an approximately 3.5-fold increased risk of 30-day 

mortality compared with Asians. These differences were independent of the presence 

of traditional vascular risk factors. 

These findings indicate that prognosis in terms of long-term risk of cardiovascular dis-

ease after a young stroke is not as favourable as previously thought.27, 108, 116, 118 Young 

patients with stroke, especially those who resemble older stroke patients with respect 

to the presence of traditional vascular risk factors and aetiology, also seem to show 

similarity to older patients in terms of long-term cardiovascular mortality and disease.

Of note, the prognosis for stroke patients in the ‘other determined’ category, which 

includes arterial dissection, seemed relatively favourable compared with the other cat-

egories.78, 102, 115 However, one must keep in mind that this category includes a mixture 

of conditions, each with a different disease course and treatment options and, thus, 

variable prognoses. 

Secondary prevention
Young patients with stroke are often under-represented in large secondary prevention 

trials on antiplatelet drugs, statins and blood pressure lowering agents.35 Nonetheless, 

it is common practice to treat young stroke patients in accordance with guidelines 

based on extrapolated data from elderly patients with stroke.119 This might be a sensible 

approach, given that a considerable proportion of these young patients have the risk 

factors that are targeted in these trials, and some of the trials showed greater benefits 
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in younger individuals (under 65 years) than in the older ones (65 years or over).120 These 

conclusions are, however, mainly based on post hoc analyses, as no studies were spe-

cifically designed to investigate secondary prevention strategies in young adults with 

stroke. Although no evidence exists that long-term secondary prevention is particu-

larly harmful in young patients, the question of whether these long-term prevention 

strategies are truly beneficial in all young adults with stroke — for example, in those 

patients in whom no risk factor or presumed aetiology could be found — remains to 

be answered. In addition, treatment strategies without proven benefit are not particu-

larly cost-effective.

Secondary prevention strategies in some subgroups with a specific risk factor or ae-

tiology have been investigated in young adults, for example, those with PFO or an-

tiphospholipid syndrome. For a PFO, current evidence does not show superiority of 

closure, compared with medical treatment, in preventing recurrent strokes in adults 

under 60 years of age.121 Two randomised controlled trials included post hoc subgroup 

analyses in patients aged 45 years or younger (approximately 45% of the study co-

hort), which showed no beneficial effects of closure in this subgroup.122, 123 For patients 

with antiphospholipid syndrome, guidelines from the American Heart Association and 

American Stroke Association recommend treatment with oral anticoagulants, with an 

international normalised ratio (INR) between 2.0 and 3.0.124 However, an expert panel 

could not reach consensus and noted that the evidence supporting higher or lower 

INR intensities or other strategies, such as antiplatelet therapy, was uniformly weak.125

To discover which patients will benefit the most from secondary prevention strategies, 

we suggest that recruitment of patients for future (multicentre) trials should be based 

on aetiological subgroups rather than age, so that younger patients are not excluded.

Physical impairments and complications
The risk factors and aetiology underlying a stroke have a substantial impact on cardio-

vascular mortality and morbidity. With respect to functional outcome and psychoso-

cial consequences, however, the prognosis is more likely to be determined by a combi-

nation of factors, including not only aetiology, but also stroke severity and subsequent 

cerebral damage, co morbidity, demands from the patient’s environment, and the pa-

tient’s coping strategies. The sections that follow provide an overview of prognosis in 

terms of physical problems (functional outcome, pain, and epilepsy) and psychosocial 

consequences (cognitive impairment, depression, anxiety, fatigue, sexual dysfunction, 

and return to work) after a young stroke.

Functional outcome 
Neurological deficits due to a stroke are often registered during hospital admission 

and discharge, as a measure of stroke severity on the NIH Stroke Scale. However, as 

no studies have described these neurological deficits in the years after discharge, the 

frequency of neurological deficit over time is not known.

Functional outcome is assessed in terms of disability, most commonly with the modi-

fied Rankin Scale (mRS), a scale that predominantly assesses motor function. Using this 

scale, functional outcome is usually found to be better in younger than in older adults 

after short-term follow-up.126 For young adults, however, information on long-term 

physical disability is equally important, because of their long life expectancy. Only a few 

studies have reported long-term functional outcomes after young ischaemic stroke. 

Proportions of individuals with poor functional outcome (mRS score >2) among young 

stroke survivors range from 6-20% after a mean follow-up duration of 3-12 years,103, 118, 127, 

128 compared with 40% after short-term follow-up in older stroke survivors.129

Independence with regard to basic activities of daily living may not necessarily mean 

a good outcome for young patients: the ability to live independently as a young adult 

also requires independence in performing more complex tasks. In addition, demands 

from society on these young patients might be higher than in the elderly, because of 

occupational obligations and, in many cases, their role as a caregiver for a young family. 

The studies performed to date have not addressed these issues. Moreover, one must 

keep in mind that young stroke survivors with a poor functional outcome have to cope 

with this consequence for a considerable number of years, given their generally long 

life expectancy.

Epilepsy
Post-stroke epilepsy is reported to affect 2.4-14.4% of young patients with ischaemic 

stroke.103, 113, 118, 130-132 The highest prevalence was found in a study that included patients 

aged 50 years and under;132 most other studies only included patients up to 45 years 

of age. The lowest prevalence was found in a study that only included cryptogenic 

stroke.130 Factors that were associated with epilepsy, either with or without recurrent 

seizures, included a more severe stroke and involvement of cortical structures.113, 132 

A study with a decade of follow-up revealed a long-term association between post-

stroke epilepsy and a poor functional outcome, as measured with the mRS.128
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Pain
The prevalence of post-stroke pain has frequently been studied in the older stroke 

population, and estimates vary considerably, from as low as 1% to as high as almost 

50%.133-136 This broad range is probably explained by the wide variation in methods 

used to assess post-stroke pain. Moreover, post-stroke pain originates from multiple 

sources, including central pain from both thalamic and extrathalamic lesions, and pe-

ripheral pain from musculoskeletal abnormalities, such as joint contractures.133 No stud-

ies have specifically addressed the prevalence of pain after stroke in young adults. A 

recent report suggested a link between post-stroke pain and increased mortality in 

young patients with stroke.137

Psychosocial consequences

Cognitive impairment
Cognitive performance is an important determinant of social functioning in a young 

patient with stroke.138 One year after stroke, up to 60% of young stroke patients had im-

paired cognitive performance compared with stroke-free controls, depending on the 

cognitive domain tested.28, 29 In younger patients in particular, cognitive recovery is like-

ly to continue beyond 1 year after stroke. However, 1 study reported that after a mean 

follow-up of 11 years, 50% of young patients with stroke still had to cope with impair-

ment or below average performance on at least 1 cognitive domain.139 Elderly patients 

with stroke commonly exhibit prominent frontal executive impairment,140 whereas 

young patients generally show deficits in multiple cognitive domains, including visuo-

construction, delayed verbal memory, attention, and executive function. Most of these 

deficits are especially pronounced in patients with left-hemispheric lesions, with the 

exception of visuoconstruction, which seems to be more impaired after right-hemi-

spheric strokes.139 These findings suggest that cognitive impairment in young patients 

with stroke displays a more global pattern than one would expect on the basis of a 

focal lesion,139 perhaps as a result of diffuse network dysfunction remote from the site 

of the lesion.139, 141

Aphasia has not been specifically tested in long-term follow-up studies.139 One study 

that assessed language disturbances in the subacute phase after stroke found that 

young patients (under 51 years) were prone to non-fluent aphasia, whereas older pa-

tients were more likely to exhibit fluent aphasia, probably owing to a higher proportion 

of posterior infarcts in the older age group.142

Cognitive impairment can have life-changing consequences for young adults. For ex-

ample, return to work may be impaired due to memory problems.26 A short-term fol-

low-up study found that the number of cognitive deficits predicted later inability to 

return to work.143 This is not a surprising finding, as disturbances in multiple domains 

might interact, thereby diminishing the ability to compensate for impairments. For ex-

ample, visual field defects can lead to reading disorders, and alexia could exaggerate 

this effect.144

Depression
Depressive symptoms are present in 28-46% of young patients with stroke26, 27, 32 after 

follow-up durations of 6-12 years. Depressive symptoms can have a large impact on 

recovery and daily life after stroke. These symptoms have been associated with poor 

functional outcomes in an unadjusted analysis, but this association might have been 

confounded, for example, by recurrent vascular events.26

Patients with stroke were also found to have an increased risk of suicide (up to 7%), or 

suicidal ideations (6-15%) in both the acute and the chronic phase, especially when 

patients had current or past mood disorders.145, 146 Young adults seemed to be at par-

ticular risk.146

In 1 study conducted in the general population, younger individuals tended to be clas-

sified as having a ‘non-vascular depression’ profile, which was characterised by a higher 

risk of suicide and more psychotic features, whereas older individuals more often dis-

played a ‘vascular depression’ profile, with a higher prevalence of functional disability 

and anhedonia.147 The small study sample resulted in large confidence intervals, and the 

findings need further confirmation in large stroke cohorts. One might expect that the 

proportions of vascular and non-vascular depression profiles would not differ markedly 

between young and older patients in a stroke cohort, since both age groups have vas-

cular lesions. However, elderly individuals might still exhibit a greater propensity towards 

a vascular depression profile owing to accumulation of vascular damage with age.

Depressive symptoms should not be confused with emotionalism (that is, emotional 

expressions outside a patient’s normal control), which was reported in 22.5% of the 

general stroke population the first month post-stroke.148 Although the 2 conditions 

co-occurred in 1 patient, and depressed mood was more likely to be present in patients 

with emotionalism, most patients with emotionalism were found not to be depressed. 

No studies on emotionalism versus depression have been conducted specifically in 

young patients with stroke.
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Anxiety
Anxiety is present in 19% of patients with young ischaemic stroke after 12 years of fol-

low-up,26 but no studies exist on its influence on daily life.

Fatigue
Post-stroke fatigue is present in about 50% of young patients with stroke,33 and seems 

to be associated with poor functional outcome33 and inability to regain pre-stroke ac-

tivities.34, 149 However, most of the studies that assessed this complaint were limited with 

respect to sample size34 or follow-up duration.34, 149

Some short-term follow-up studies in older stroke patients found fatigue to be associ-

ated with certain lesion locations.24, 150 In young patients with stroke, however, fatigue 

could be the result of an imbalance between demands from society and reduced cog-

nitive or physical capacity after stroke. Moreover, factors that underlie fatigue in the 

short term after stroke may differ from those in the long term, but these factors remain 

to be clarified.

Sexual dysfunction
One short-term follow-up study on sexual dysfunction, focusing on young patients 

with stroke (aged 18-45 years), found diminished sexual function in 22.5% of patients.131 

In the general stroke population, sexual dysfunction is caused by multiple factors, vary-

ing from neurological deficits (for example, hemisensory neglect151 or aphasia) to psy-

chological problems such as depression.152 The relative contributions and long-term 

effects of the various factors in a young stroke population are unknown.

Hypersexuality may also be an issue after a young stroke. One study found this problem 

in just 1 of 71 young stroke patients, which may have been an underestimation, as the 

opinion of the patients’ partners was not investigated.131 Hypersexuality is thought to 

result from disinhibition due to lesions in the frontostriatal circuits, and also in the tem-

poral lobe after ischaemic stroke.153

Return to work
Return to work after young stroke is an important determinant of life satisfaction,36, 154 

and might even be a necessity for many people to provide for themselves. In addition 

to the personal implications for patients, inability to return to work after stroke imposes 

an economic burden on society as a whole, owing to loss of productive years of em-

ployment.37 However, only a few studies have addressed this important subject.

Reports to date indicate that 50-80% of stroke patients returned to work after a maxi-

mum follow-up of 4 years.34, 155-158 However, most young patients with stroke will be of 

vocational age for more than a decade of their remaining life, which stresses the need 

for further studies on the very long-term prognosis with respect to return to work. In 1 

study with a follow-up of almost 12 years,26 only 40% of patients had returned to full-

time employment by the end of the study period. However, these data must be regard-

ed with caution, since the study was retrospective with a relatively low response rate.

Screening and treatment
Cognitive impairment, mood disorders, and fatigue seem to be very common in young 

patients with stroke, and functional outcome is poor in a substantial proportion of 

these young adults. If not actively screened for, these consequences often go unno-

ticed by caregivers, possibly leading to frustration in young patients when they are not 

able to return to their pre-stroke activities.159 The first step in treatment of these ‘invisi-

ble’ psychosocial issues, therefore, is their recognition.

The next step is to start treatment for these symptoms. The current treatment strat-

egies, which are suboptimal, consist primarily of occupational therapy160 or medical 

treatment, for example, with antidepressants.161, 162

Directions for future research
Currently, only limited data exist on long-term psychosocial consequences and their 

impact on daily life functioning after stroke in young adults. Future studies should fo-

cus on the influence of these psychosocial factors on daily life and try to find clinical 

and demographic factors that can predict future psychosocial effects. Large, prospec-

tive cohort studies are needed for this purpose. These predictors might, in turn, provide 

insight into the pathophysiological mechanisms that underlie these psychosocial con-

sequences, although imaging studies, postmortem studies or animal models would 

provide us with more fundamental insights.

In addition, treatment strategies should be developed, and their effects quantified, in 

clinical trials. Individuals who experience a stroke at a younger age have different reha-

bilitation goals from their older counterparts,159 and specific programmes need to be 

developed that are adjusted to the specific needs of these young patients.
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Conclusions and recommendations
In the past, stroke in individuals under 50 years of age (‘young stroke’) has been viewed 

as a disease with different risk factors and aetiology — and usually a better prognosis 

— in comparison with stroke in older patients. After a critical review of the available 

literature, however, this view may be challenged.

Traditional vascular risk factors in young adults with stroke have been somewhat ne-

glected in the literature, which seems unjustified given their high prevalence,35 espe-

cially in young patients between 35 and 50 years of age. This high prevalence coincides 

with a rising incidence of stroke in young adults, suggesting that traditional vascular 

risk factors might contribute more to the aetiology of young stroke than was previously 

thought. The presence of these risk factors, however, is not always related to causal ae-

tiologies such as large-artery atherosclerosis, as assessed with current diagnostic tools.

Young patients with stroke are at increased risk of cardiovascular mortality and mor-

bidity compared with the general population, sometimes even approaching the risks 

observed in the older stroke population. The patients whose condition is classified as 

atherothrombotic stroke, with highly prevalent traditional risk factors, have the highest 

risk. In these patients, life-long treatment with secondary prevention seems to be a 

plausible approach. However, further trials are needed to establish which patients will 

benefit from different forms of secondary prevention. Recruitment of patients for these 

trials should be based on aetiological subgroups rather than age.

Although many ‘young’ stroke patients are ‘old’ with respect to aetiology and progno-

sis, they are ‘young’ when psychosocial consequences come into play, as most patients 

have a life expectancy of decades that includes phases of their lives in which important 

life-changing decisions have to be made. To fulfil these needs, treatment strategies 

tailored to the needs of young patients must be developed.

Stroke in young adults is an acute disease, but its life-long consequences are becoming 

increasingly recognised. Treatment and guidance, accompanied by a life-long perspec-

tive, should be offered to each young stroke survivor in order to attain the highest 

possible quality of post-stroke life.

 part 1i
Rationale and
study design
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Abstract
Background and objective 
Young stroke can have devastating consequences with respect to quality of life, 

the ability to work, plan or run a family, and participate in social life. Better insight 

into risk factors and the long-term prognosis is extremely important, especially in 

young stroke patients with a life expectancy of decades. To date, detailed infor-

mation on risk factors and the long-term prognosis in young stroke patients, and 

more specific risk of mortality or recurrent vascular events, remains scarce.

Methods/Design 
The FUTURE study is a prospective cohort study on risk factors and prognosis of 

young ischaemic and haemorrhagic stroke among 1 006 patients, aged 18-50 

years, included in our study database between 1-1-1980 and 1-11-2010. Follow-up 

visits at our research centre take place from the end of 2009 until the end of 2011. 

Control subjects will be recruited among the patients’ spouses, relatives or social 

environment. Information on mortality and incident vascular events will be re-

trieved via structured questionnaires. In addition, participants are invited to the 

research centre to undergo an extensive sub study including MRI.

Discussion 
The FUTURE study has the potential to make an important contribution to increase 

the knowledge on risk factors and long-term prognosis in young stroke patients. 

Our study differs from previous studies by having a maximal follow-up of more 

than 30 years, including not only TIA and ischaemic stroke but also haemorrhag-

ic stroke, the addition of healthy controls and prospectively collect data during 

an extensive follow-up visit. Completion of the FUTURE study may provide better 

information for treating physicians and patients with respect to the prognosis of 

young stroke.

Introduction
Up to 12% of all strokes occur in patients between 18-50 years (‘young stroke’),103 affect-

ing about 5000 patients each year in the Netherlands and about 2 million young people 

each year worldwide. In a substantial proportion of roughly one third the aetiology re-

mains unelucidated. In terms of prognosis a young stroke has a dramatic influence on 

independency and quality of life as it occurs in the period of life that people start to form 

families, make decisive career moves, and have an active social life. Uncertainty about 

long-term prognosis affects choices and planning affiliated with these life events.

Whereas risk factors and prognosis in patients who develop a stroke at higher ages 

(usually over 70 years) are among the best studied topics in clinical medicine, this does 

not hold true for young stroke. At higher ages, almost all risk factors have atheroscle-

rosis in their final common pathway. However, this cannot simply be extrapolated to 

young stroke as the underlying cause of stroke is usually different from that in elder-

ly and may therefore also have a different prognosis both with respect to function-

al stroke outcome as to risks of recurrent stroke or other major vascular events. Even 

more, the identification of risk factors for young stroke so far has often been based on 

the occurrence of presumed risk factors in consecutive series of young stroke patients, 

without methodological sound comparison with controls.

The ‘long-term’ perspective in an on average over 70 years old stroke patient differs 

from that of a 30 years young stroke patient, and particularly studies with a long-term 

follow-up of more than 10 years are lacking in the young stroke field. Studies thus far, 

usually with a mean follow-up duration of less than 7 years, report highly variable post-

stroke mortality and risk of incident vascular disease.5, 103, 112-114, 163 These large differences 

across studies are well explained because young stroke is a heterogeneous disease and 

most studies were small, had different selection criteria, did not investigate patients in 

person but relied on telephone interviews, and outcome assessments and follow-up 

planning was not uniform and often suboptimal. Although stroke includes both isch-

aemic and haemorrhagic stroke, almost all studies have excluded the investigation of 

aetiology and prognosis of young haemorrhagic stroke.

Except for recurrent vascular disease and persistent motor and language impairments, 

post-young stroke quality of life will most likely also be determined by cognitive dys-

function, depressive symptoms, fatigue, and specific post-stroke complications such as 

epilepsy, because those determine the ability to (return to) work and to have a normal 

family and social life. Data on those aspects in the very long-term follow-up of young 

stroke patients are even more scarce.

Although the absolute number of young stroke is lower than stroke among the elderly, 
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the total number of years that young stroke patients as a whole will live with the con-

sequences of the stroke exceeds that of older stroke survivors due to far longer survival.

This justifies a properly designed and executed study on risk factors and prognosis 

of young stroke, compared with controls. We therefore set up the FUTURE study (Fol-

low-Up of Transient ischaemic attack and stroke patients and Unelucidated Risk factor 

Evaluation study), the largest single-centre prospective cohort study on risk factors and 

prognosis of young TIA, ischaemic stroke and haemorrhagic stroke patients (n=1 006) 

and controls.

Methods/Design
The FUTURE study is a prospective cohort study that aims to investigate the causes 

and consequences of a young stroke. The Medical Review Ethics Committee region 

Arnhem-Nijmegen approved the study.

Patients
The department of neurology has a long-standing interest in the aetiology and prog-

nosis of young stroke and therefore maintains a prospective registry of all consecutive 

young stroke patients with a standardised collection of baseline and clinical character-

istics (see ‘baseline’) since the 1970’ies.164 For the current FUTURE study, all consecutive 

TIA, ischaemic stroke patients with presumed arterial origin or those with an intracere-

bral haemorrhage that sought medical attention for these disorders at the department 

of neurology of the Radboud University Nijmegen Medical Centre between 1-1-1980 

and 1-11-2010 will be eligible for participation in the study.

Inclusion criteria

•	 TIA, ischaemic stroke of presumed arterial origin or intracerebral haemorrhage

•	 Date of onset between 1-1-1980 and 1-11-2010

•	 Age 18-50 at onset

Exclusion criteria

•	 Traumatic haemorrhagic stroke

•	 Intracerebral haemorrhage in known cerebral metastasis or primary brain tumor

•	 Ischaemic/haemorrhagic stroke due to cerebral venous sinus thrombosis

•	 Intracerebral haemorrhage due to ruptured cerebral aneurysm

•	 Any subarachnoid haemorrhage 

•	 Retinal infarct

TIA was defined as a rapidly evolving focal neurological deficit with no other than a vas-

cular cause lasting less than 24 hours. Stroke was defined similarly, but with symptoms 

lasting more than 24 hours. On the basis of radiological findings, stroke was further 

subdivided into haemorrhagic and ischaemic stroke.

As the diagnostic process may have changed during a more than 30-year period all ini-

tial diagnoses were reviewed by a panel of 2 experts from a pool of 4 (FEdL, EvD, RA, LJD) 

and in cases of disagreement a consensus meeting was held to adjudicate the event.

1 006 patients who had sought medical attention at our University Medical Centre 

between 1-1-1980 and 1-11-2010 fulfilled inclusion and exclusion criteria for our study. 

Characteristics of our baseline population (at the time of their qualifying event) are 

reported in Table 1.

Table 1		 Baseline population characteristics.

 

Total 
population

Time of index event

1980-1989 1990-1999 2000-2010

n 1006 223 249 534

Men, n (%) 470 (46.7) 110 (49.3) 128 (51.4) 232 (43.4)

Age at index event, mean (SD) 40.2 (7.9) 39.3 (8.3) 39.7 (8.6) 40.8 (7.4)

Index event

TIA, n (%) 277 (27.5) 52 (23.3) 40 (16.1) 185 (34.6)

Infarction, n (%) 630 (62.6) 146 (65.6) 189 (75.9) 295 (55.2)

Haemorrhage, n (%) 99 (9.8) 25 (11.2) 20 (8.0) 54 (10.1)

Controls
Control subjects will be recruited among the patients’ spouses, relatives or social en-

vironment. They have to be at least 18 years old without a history of any TIA or stroke 

before the age of 50 at the moment of inclusion.

Baseline
At baseline (during the occurrence of the qualifying event for the study) a minimal 

dataset has been collected that consists of demographics, stroke subtype, risk factors, 

and additional investigations (Table 2). The completeness of the baseline dataset varies 
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among patients due to changes in standard diagnostic procedures over the last 30 years.

Current common rating scales for the severity and cause of stroke did not exist at the 

time when a substantial proportion of our patients experienced their qualifying event. 

Therefore, a rating of both the severity (NIHSS) and cause (TOAST) was done for all cas-

es retrospectively by a validated approach.165

Follow-up
Information on the vital status will be available either from hospital data or through 

coupling of patient records with data from the municipality registry. All patients alive 

will be approached for the follow-up assessment according to a 2-step approach.

First, all patients will be contacted by letter to inform them about the study; subse-

quently they will be contacted by phone. In case the patient has moved, the municipal-

ity register of the last known residence will be contacted to trace the patient. In cases 

of an invalid phone number, a second letter will be sent asking the patient to contact 

our centre to provide a correct phone number. Subsequently, when a patient does not 

respond to the second letter, the last known general practitioner will be contacted 

to provide us with updated contact details. The patient will be considered lost to fol-

low-up when known alive, but when untraceable via the procedure described above.

Subsequently, patients will be given the opportunity to participate in an extensive sub 

study. If they agree to do so, they will be invited to visit our research centre for addi-

tional investigations including a structured interview, cognitive assessment, physical 

and neurological examination, an extensive MRI protocol, an electrocardiogram, and 

an ultrasonography of the carotid arteries (Table 2). In addition, blood samples (serum/

plasma/DNA) will be taken for future analysis. When patients are not able to visit our 

research centre the same investigations will be performed at their homes, except for 

the ultrasonography of the carotid arteries, electrocardiogram, and MRI scan. Controls 

will undergo the same protocol as patients.

The follow-up has started at the end of 2009 and is planned to finish at the end of 2011. 

All these participants signed an informed consent.

Table 2		 Schedule of assessments in the FUTURE study.

Assessment 	 Baseline	 Follow-up

Demographics

Ethnicity X

Education X

Marital status X

Social/living status X

Stroke Characteristics

Qualifying event X

Symptoms at onset X

Discharge date and destination X

TOAST X

NIHSS at admission and at discharge X

Modified Ranking Scale at discharge X

Medical History

History of any cardiovascular disease X Xa

Cardiovascular risk factors X Xa

Family history of cardiovascular disease X X

Medication use X Xa

Stroke related surgical procedures X Xa

Epilepsy X Xa

Neuropsychological examination

Global cognitive function

        Mini Mental State Examination (MMSE) X X

Verbal memory function

        Rey Auditory Verbal Learning Test X

Visuospatial memory

        Rey's Complex Figure Test X

Speed of information processing

        Symbol-Digit Substitution Task X

        Stroop test X

Working memory

        Paper and Pencil Memory Scanning Tasks X
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Assessment 	 Baseline	 Follow-up

Neuropsychological examination

Executive functioning

        Animal Fluency task X

Attention

       Verbal series attention test X

Subjective cognitive failures

      Cognitive failures questionnaire X

Depressive symptoms

Structured questionnaire depressive symptoms Xa

      Mini International Neuropsychiatric Interview (MINI) X

      Centre of Epidemiological Studies Depression Scale (CES-D) X

      Hospital Anxiety and Depression Scale (HADS) X

Physical examination

Length and weight X X

Waist circumference X

Blood pressure X X

Heart rate X X

Neurological examination

Babinski sign X

Sensory system

      Quantitative measurement by vibration tuning fork X

Muscle strength 

      Medical Research Council Scale (MRC) X

Mobility and activities of daily living

TUG-test X

Exercise expressed in metabolic equivalent value Xa

Tinetti test (body balance and gait) X

Modified Ranking Scale (MRS) X X

Barthel Index X

Instrumental activities of daily living questionnaire (IADL) X

Assessment 	 Baseline	 Follow-up

Additional questionnaires

Fatigue

     CIS20R X

Health related quality of life

     Short Form 36 X

     EQ-5D X

     Stroke impact scale 3.0 X

Sleep disturbances Xa

List of Threatening Experiences (LTE) Xa

Work Xa

Radiological examination

Confirmation of index event (CT or MRI) X

Angiography X

MRI

     T1 magnetization-prepared rapid gradient echo X

     FLAIR pulse sequences X

     Transversal T2* weighted gradient echo sequence X

     Diffusion Tensor imaging X

     Resting state imaging X

     Time-of-flight angiography X

Ancillary investigation

Electrocardiogram X X

Ultrasonography of the carotid arteries X X

a) Variables were collected both for the period before and after the index event.

Outcome events
The primary outcome of the study will be all-cause mortality and the composite end-

point of death from all vascular causes; non-fatal stroke, non-fatal (silent) myocardial 

infarction, cardiovascular procedures (coronary artery bypass grafting, percutaneous 

transluminal coronary angioplasty, carotid endarterectomy, and other arterial revascu-

larisation procedures), whichever occurred first. We will perform separate analyses for 

the occurrence of fatal or non-fatal stroke. Causes of death will be categorised into 

Table 2 	 Continued Table 2 	 Continued
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ischaemic stroke, intracerebral haemorrhage, cardiac causes, other vascular causes or 

non-vascular causes. If we cannot obtain information about the cause of death, the 

event will be classified as unspecified.

Secondary outcomes are seizures (classified according to the ILAE166) and dementia (ac-

cording to DSM-IV).

Whenever an outcome event is suspected with the aid of a standardised, structured 

questionnaire, information retrieved will be verified and adjudicated by physicians from 

the appropriate specialty. In case a patient has died, this information will be retrieved 

from their general practitioner or a relative. If there is no information available, the 

event will be classified as a possible event.

Assessment of variables during follow-up
Demographics and life style

Standardised questionnaires on demographics, education (classified using 7 catego-

ries; ‘1’ being less than primary school and ‘7’ reflecting an academic degree),167 marital 

status, living conditions, and life style habits (alcohol consumption, smoking, exercise) 

will be administered. Alcohol consumption will be defined as units per day and the 

age at which alcohol consumption had started (and ended if stopped) will be noted. 

Cigarette smoking behavior will be defined as never, former, and current. Subsequently, 

former and current smoking behavior will be quantified as the number of pack-years, 

calculated as the number of packs of cigarettes smoked per day multiplied by the 

number of years a participant had smoked. Exercise will be expressed in the metabolic 

equivalent value (MET) according to accepted standards.168

Medical history

Structured, standardised questionnaires will be used to assess participants, history of 

hypertension, diabetes mellitus, atrial fibrillation, TIA, stroke, myocardial infarction, cor-

onary artery bypass grafting, percutaneous transluminal coronary angioplasty, carotid 

endarterectomy and other arterial revascularisation procedures, 169-172 migraine with or 

without aura,173 pregnancy, and malignancy. Whenever a primary or secondary out-

come event is suspected with the aid of this standardised, structured questionnaire, 

information retrieved will be verified and adjudicated by physicians from the appro-

priate specialty (see outcome events). The presence of a family history of myocardial 

infarction, cerebrovascular disease, and diabetes mellitus in next of kin will be recorded.

Epilepsy

Each patient will be evaluated for a history of epilepsy by means of a standardised, 

structured questionnaire. Whenever epilepsy is suspected, information will be retrieved 

from the treating physician and verified and adjudicated by a neurologist (FEdL). Epi-

lepsy will be classified according to the ILAE criteria.166 Post-stroke epilepsy will be sub-

divided into early (≤7 days post-stroke) and late (>7 days) post-stroke epilepsy.

Current medication

Current medication use and the age at which medication use started will be noted 

and classified according to the Anatomical Therapeutic Chemical (ATC) classification 

system (World Health Organization, WHO Collaborating Centre for drug statistics and 

methodology, http://www.whocc.no/atcddd/).

Neuropsychological assessment

We will administer an extensive neuropsychological test battery that encompasses 

items from other large-scale epidemiological studies covering the main cognitive do-

mains.174, 175 Global cognitive function will be assessed using the Mini Mental State Ex-

amination (MMSE).176 Verbal episodic memory function will be assessed by the 3-trial 

version of the Rey Auditory Verbal Learning Test (RAVLT) that also includes a delayed 

free-recall and recognition trial, a test used to evaluate the ability to acquire and retain 

new verbal information.177 Visuospatial episodic memory will be administered by the 

Rey Complex Figure Test (RCFT), that consists of 3 trials: a copy trial, an immediate recall 

trial after 3 minutes and a delayed-recall trial after 30 minutes.178 To evaluate speed of 

information processing and executive function, 2 tests will be used; the abbreviated 

Stroop Color Word Test (3 subtasks, the interference trial measuring response inhibi-

tion)179 and the Symbol-Digit Substitution Task, which is a modified version of the Sym-

bol Digit Modalities Test.180 A verbal fluency task in which as many animals as possible 

have to be named within 60 seconds will be used to test semantic memory and execu-

tive functioning (response generation). To assess working memory, the Paper and Pen-

cil Memory Scanning Task (4 subtasks)181 will be used. To evaluate attention, the verbal 

series attention test (VSAT) will be used. 182 To register subjective cognitive failures we 

will administer the modified Cognitive Failures Questionnaire (CFQ).183 The assessments 

will be carried out under standard circumstances in quiet rooms.

A standardised structured questionnaire used in previous large-scale epidemiological 

studies will be used to assess the history of depressive symptoms; normal reactions 

to stressful events or normal grief will carefully be excluded.184 In case of a depres-
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sive episode, age of onset, the medical advice and medication use will be registered. 

We defined ‘depression’ as those depressive episodes that have required attention of 

a general practitioner, psychologist or psychiatrist. This definition includes minor de-

pression, as well as more severe depression syndromes such as major depression and 

bipolar depression.184

In addition, participants will be screened for current depressive symptoms by means 

of the Mini International Neuropsychiatric Interview (MINI), part A, which is a short di-

agnostic structured interview based on the DSM IV.185 Additionally, presence of actual 

depressive symptoms will be assessed by 2 self report questionnaires, the Centre of 

Epidemiologic Studies Depression Scale (CES-D)186 and the Hospital Anxiety and De-

pression Scale (HADS).187

Physical and Neurological Examination

Height and weight will be measured without shoes in light clothing. The body mass in-

dex (BMI) will be calculated as weight divided by height (in meters) squared. The maxi-

mal waist circumference will be measured without shirt, in standing position, between 

the lowest rib and the iliac crest, at the end of normal expiration.188 Blood pressure and 

pulse rate will be measured in triplicate in supine position after 5 minutes rest. Subse-

quently 1 measurement is performed after 1 minute in upright position.171

The strength of the biceps, hand grip, iliopsoas, quadriceps, and foot extensor muscles 

on both sides will be scored according to the medical research council scale (MRC).

The sensory system will be assessed by a quantitative measurement by vibration tun-

ing fork (Rydel-Seiffer®) on both first toes and both medial malleolus, also registering 

ankle edema and the ankle jerk reflex.

Gait and balance

We will use a widely used modified version of the original Tinetti test with 17 items: 9 

for body balance (score 0-16) and 8 for gait (score 0-12), with a maximum score of 28.189 

It grades balance while sitting, standing with eyes open and closed, nudging and turn-

ing, gait initiation, stride length and width and symmetry. Functional mobility will be 

classified by using the widely-used timed-up-and-go(TUG)-test which is a timed test 

during which the participant is asked to rise from a standard armchair, walk 3 m, turn, 

walk back, and sit down again.190 Each participant will perform the test 3 times.

Functional performance

As a measure of disability the Barthel Index and modified Ranking Scale will be used.191 

The activities of daily living will be assessed by the instrumental activities of daily living 

questionnaire.192

Additional self-report questionnaires

Several primary sleep disorders are addressed using a number of screening ques-

tions. The presence of possible sleep disordered breathing is based on a history of 

snoring, witnessed sleep-related apneas, and non-restorative sleep. Non-REM and REM 

parasomnias are addressed based on a history of sleepwalking or dream-enacting 

behaviour. Excessive daytime sleepiness will be assessed based on the presence of 

continuous feelings of sleepiness, sleep attacks or a combination of both. Finally, the 

presence of sleep-onset and/or sleep-maintenance insomnia is recorded. 

For the assessment of fatigue we will use the Checklist on Individual Strength (CIS20R).193 

The overall health status (quality of life) will be assessed with the Short Form 36 (SF-

36),194, 195 the EQ-5D,196 and the Stroke Impact Scale 3 (SIS-3).197

Adverse life events will be assessed with the 12-item List of Threatening Events (LTE), 6 

months before the index event and subsequently the period after the index event.198

Patients will be asked for their employment status in the month before their index 

event, within the first year after their index event and at time of the follow-up visit. Each 

period includes a description of occupation, working hours a week, adjustments in 

tasks, use of supporting devices and reasons for not working.

Ancillary Investigations
MRI protocol

MRI scanning will be performed on a 1.5-Tesla Magnetom scanner (Siemens, Erlangen, 

Germany). The scanning protocol includes whole brain 3D T1 magnetisation-prepared 

rapid gradient-echo (MPRAGE) sequence (TR/TE/TI 2730/2.95/1000ms; flip angle 7°; vox-

el size 1.0x1.0x1.0mm); FLAIR pulse sequences (TR/TE/TI 12220/85/2200 ms; voxel size 

1.0x1.2x3.0mm; slice gap 0.6 mm); transversal T2-weighted turbo spin echo sequence 

(TR/TE 7440/96ms; voxel size 0.9x0.9x3.0 mm; slice gap 0.6 mm); Multi-slab 3D time of 

flight angiography sequence (TR/TE 24/7ms; voxel size 0.8x0.5x1.0mm) will be made 

of the carotid arteries and the circle of Willis. Gradient echo susceptibility weighted 

imaging sequence (TR/TE 49/40ms; voxel size 0.8x0.7x1.0mm); DTI (TR/TE 9100/98ms; 

voxel size 2.2x2.2x2.2mm; 7 unweighted scans, 61 diffusion weighted scans, with non 

co-linear orientation of the diffusion-weighting gradient, and b value 1000s/mm²) and 



5554

The FUTURE study: rationale and study design

Chapter 3

Rationale and study design

PART II

3

resting state imaging using a gradient echo EPI (TR/TE 1870/35ms; voxel size 3.5x3.5x3.0 

mm; slice gap 0.5mm). During resting state, participants will be told not to concentrate 

on any particular subject, but just to relax with their eyes closed. The complete scan-

ning protocol takes approximately 60 minutes.

ECG

An electrocardiogram (ECG) will be performed and evaluated by a standardised assess-

ment by an experienced cardiologist, registering frequency, cardiac rhythm, cardiac 

ectopias, cardiac axis, conduction time over the PQ, QRS, and QTC intervals, conduc-

tion disturbances, left ventricle hypertrophy, pathologic Qs, infarction, repolarisation 

disturbances, and acute ischaemia. A final diagnosis is defined as normal, abnormal 

without clinical significance, abnormal with clinical consequences or pathologic ECG 

with immediate consultation of a cardiologist when necessary.

Carotid ultrasound

A carotid ultrasound assessment will be performed at which the intima media thick-

ness (IMT) will be measured in the distal (near the bulbus) left and right common carot-

id artery. All measurements will be performed using a phased array real-time scanner 

(Philips i-u22, The Netherlands) with a 17-5 MHz broadband linear transducer. The IMT 

will be automatically measured by QLab® qualification software (V. 4.2.1.) according to 

previously described procedures.199 All ultrasound measurements will be performed by 

3 experienced and specific trained clinical neurophysiology technicians.

Vena puncture

Fasting blood samples will be taken. Immediate analysis will include glucose, creati-

nine, lipid profile and complete blood count. Additional serum, plasma and DNA will 

be stored (-80°C) for future biochemical and genetic analyses.

Statistical analysis
Cumulative risk of primary and secondary outcomes will be estimated with Kaplan-Mei-

er analysis. In the analysis of vascular events, patients who had died from other than 

the defined fatal endpoints will be censored at the time of death. Cox proportional 

hazard models will be used to calculate the risk of suffering from any of the primary 

or secondary outcomes in the follow-up period, with adjustments for the necessary 

covariates. The relative risk (hazards ratios) will be calculated with their corresponding 

95% confidence intervals.

Cross-sectional analysis (for example in the comparison between patients and controls 

of data acquired during the follow-up) of continuous variables will be done with Stu-

dent’s t-test or analysis of variance or in case of skewed distributions which cannot be 

normalised corresponding non-parametric tests will be used. Chi-squared test will be 

used for cross-sectional analysis of categorical variables.

Discussion
Detailed information on risk factors and the long-term prognosis in young stroke pa-

tients, and more specific the risk of mortality and recurrent vascular events, remains 

scarce. These data are often derived from selected patients (often with the exclusion 

of TIA and haemorrhagic stroke patients) in small sized studies with short follow-up 

without in person assessment of risk factors and outcomes. We therefore performed 

the FUTURE study, designed to investigate risk factors and to prospectively assess prog-

nosis in a large cohort of young stroke patients.

Strong elements of our study are the inclusion of both TIA and haemorrhagic and 

ischaemic stroke patients, the very long follow-up (up to 30 years), its sample size of 

over 1 000 potential participants and the availability of baseline data of all consecutive 

patients in a single university medical centre. In addition, the extensive investigation 

during a follow-up visit, including advanced neuroimaging has the potential of major 

contributions to the field. Our study differs from many other young stroke studies due 

to the inclusion of controls that enable us to compare the frequency of some pre-

sumed, but also unknown, risk factors between patients and controls. Detailed risk fac-

tor analysis can be done, not only for commonly documented risk factors but also for 

those that are rarely documented in medical records, like physical inactivity and sleep 

disturbances. Moreover, the inclusion of healthy controls provides the opportunity to 

distinguish consequences of a young stroke from other factors like ageing effects.

We feel that completion of our study may contribute to a better understanding of the 

aetiology of young stroke and may provide better information for treating physicians 

and patients with respect to the prognosis of young stroke.
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Abstract
Background and objective 
Up to 14% of all ischaemic strokes occur in young adults (<50 years). Post-stroke 

cognitive performance is a decisive determinant of their quality of life. However, 

virtually no studies report on cognition after young stroke, especially not on the 

long term. This long-term perspective is important since young patients have a 

long life expectancy during which they start forming a family, have an active social 

life and make decisive career moves. We aimed to evaluate the long-term cogni-

tive outcome.

Methods
All consecutive patients between January 1, 1980 and November 1, 2010 with a 

first-ever young ischaemic stroke were recruited for cognitive assessment, using a 

matched stroke-free population as a reference. Composite Z-scores for 7 cognitive 

domains were calculated and the ANCOVA model was used (Bonferroni correction). 

A below average performance was defined as >1.0 SD below the age-adjusted 

mean of the controls and cognitive impairment as >1.5 SD.

Results
277 patients and 146 matched controls completed cognitive assessment (mean 

follow-up  11.0 (SD 8.2) years; mean age 50.9 (SD 10.3) years. Long-term cognitive 

outcome after an ischaemic stroke was worse in most cognitive domains com-

pared with a non-stroke population. Up to 50% of the patients had a below aver-

age performance or cognitive impairment. Deficits in processing speed, working 

memory, and attention were most common. 

Conclusions
Even 11 years after ischaemic stroke in young adults, a substantial proportion of 

patients must cope with permanent cognitive deficits. These results have implica-

tions for information given to patients and rehabilitation services.

Introduction
Approximately 10% to 14% of all ischaemic strokes occur in young adults (aged 18-50).43, 

104, 200-204 The incidence of stroke in young adults is rising, which is a major concern.6

Their outcome is usually considered fairly good, since these patients usually have a 

good motor recovery,118, 129 and outcome after stroke is usually assessed with rating 

scales that predominantly measure motor performance.7 However, post-stroke out-

come is also very much dependent on cognitive performance after stroke. Surprisingly, 

there are only a few studies that addressed cognitive outcome on the short term (4-

12 months)28, 29 and none on the long term. Although these short-term studies found 

somewhat lower cognitive performance in ischaemic stroke patients compared with 

controls, that may still very well be compatible with the common observation of grad-

ual cognitive recovery, that may continue for at least 1 year or longer after stroke.205, 206

Since life expectancy of most of these patients exceeds by far 1 year,109 patients need to 

be informed about their cognitive prognosis, not only on the short term, but particu-

larly for the coming decades as they are in a period of life in which they start forming a 

family, have an active social life, and make decisive career moves. It is exactly this long-

term perspective that is currently missing. The aim of the present study was to inves-

tigate the long-term cognitive performance after a first-ever young ischaemic stroke. 

Patients and methods

Study design
This study is part of the ‘Follow-Up of Transient ischaemic attack and stroke patients 

and Unelucidated Risk factor Evaluation’ (FUTURE) study, a large cohort study which 

investigates causes and consequences of stroke in young adults.42 The Medical Review 

Ethics Committee region Arnhem-Nijmegen approved the study and the recruitment 

of controls. The present study comprises all consecutive patients with a first-ever isch-

aemic stroke of presumed arterial origin, aged 18-50 years, admitted to Radboud Uni-

versity Nijmegen Medical Centre from January 1, 1980, until November 1, 2010. This hos-

pital is a large academic centre, receiving patients from both the direct environment 

as well as serving as a tertiary referral centre. Our hospital is the only academic medical 

centre in our region. 

Patients were identified through a prospective registry of all consecutive young isch-

aemic stroke patients that has been kept at the department since the 1970s with a 
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standardised collection of baseline clinical characteristics and neurological exam. Isch-

aemic stroke was defined as focal neurologic deficit persisting more than 24 hours. The 

diagnosis of ischaemic stroke and lesion location were based on medical records and 

radiological findings. 

The diagnostic techniques improved during a 30-year period and to minimise bias all ini-

tial diagnoses were reviewed by a panel of 2 experts from a pool of 4 (FEdL, EvD, RA, LJD) 

and in cases of disagreement a consensus meeting was held to adjudicate the event.

Primary exclusion criteria for ischaemic stroke patients in the FUTURE study were ce-

rebral venous sinus thrombosis and retinal infarction. There were additional exclusion 

criteria for cognitive assessment based on the neurological exam, which was also a part 

of the FUTURE study (Figure 1). 

Controls were recruited among patients’ spouses, relatives, or social environment. They 

had to be at least 18 years old without a history of TIA or stroke. The control group and 

patient group were matched for age, sex, and level of education. Controls were all living 

independently, none fulfilled the clinical criteria of dementia. They were recruited from 

the same environment as patients. 

Written informed consent was obtained from all participants.

Cognitive assessment
Neuropsychological tests were administered between November 2009 and end 2011. 

They covered the main cognitive domains and these tests have been previously ap-

plied in large-scale epidemiological studies in cerebrovascular disease.174, 175 Strict in-

struction protocols were used to assess cognitive performance and researchers were 

trained. The following cognitive domains were examined: Processing speed (the written 

administration of the Symbol-Digit Modalities Test, Abbreviated Stroop Color Word 

Test, parts I and II), Visuoconstruction (Rey-Osterrieth Complex Figure (ROCF) - Copy 

trial), Working memory (Paper and Pencil Memory Scanning Task (PPMST)), Immediate 

memory (ROCF - Immediate recall and the total number of words immediately recalled 

in the 3-trial version of the Rey Auditory Verbal Learning Test (RAVLT)), Delayed memo-

ry (delayed recall on the ROCF and the RAVLT), Attention (Verbal Series Attention Task 

(VSAT)), and Executive functioning (Verbal Fluency and Stroop Interference). To account 

for speed-accuracy trade-off on the Stroop test, PPMST, and VSAT, composite scores 

were calculated (accuracy(%)/reaction time).207 Stroop Interference was computed by 

dividing the composite Stroop part III score by the mean of the composite scores of 

parts I and II. To prevent potential bias in scoring the ROCF, 2 researchers independently 

rated 10% of the complex figures in both patients and controls, with high inter-rater 

reliability using the Spearman’s correlation coefficients (Copy: r
s
=0.90; Immediate recall: 

r
s
=0.97; Delayed recall r

s
=0.95). Detailed information on the neuropsychological exam-

ination is described extensively elsewhere.42

Other measurements
Age, sex, level of education, depressive symptoms, and fatigue were considered pos-

sible confounders. Level of education was scored with a Dutch scoring system (1=less 

than primary school; 7=university degree).208 

Depressive symptoms were assessed using the Hospital Anxiety and Depression Scale 

(HADS),187 and fatigue was assessed using the subscale Subjective Fatigue of the revised 

Checklist Individual Strength (CIS-20R).193, 209 

Marital status (married, divorced, widowed, and never married) at follow-up was re-

ported. Employment status at follow-up was defined as the number of patients who 

worked/studied at the time of their event and were unemployed, still employed or 

retired at follow-up assessment. Employment status of controls was defined as em-

ployed, unemployed, and retired at follow-up assessment. Functional outcome during 

follow-up visit was evaluated using the Barthel Index210 and modified Ranking Scale 

(mRS).7 A good functional outcome was defined as a mRS score of 0-1 and a Barthel 

Index of ≥85.211

Furthermore, assessment of both the aetiology (TOAST)212 and severity (National Insti-

tutes of Health Stroke Scale; NIHSS)213 was performed retrospectively in all cases using a 

validated approach,165, 214 because these scales did not exist at the time when a substan-

tial proportion of the patients experienced their qualifying event.

We assessed vascular risk factors (hypertension, diabetes mellitus, dyslipidaemia, smok-

ing (current/former/never), current alcohol use (>2 units/day)), and vascular disease 

(myocardial infarction and recurrent stroke) on the basis of medical history using a stan-

dardised, structured questionnaire and/or the use of medication. Whenever a myocar-

dial infarction or recurrent stroke was suspected information retrieved was verified and 

adjudicated by physicians. The body mass index (BMI) at follow-up was calculated as 

weight (kilograms) divided by height (meters) squared.

Statistical analysis
Baseline characteristics were presented as means (±SD), median (Q1-Q3) or number of 

cases (%). All statistical analyses were performed with SPSS 20.0 software for Windows. 

Baseline characteristics in young ischaemic stroke participants and ischaemic stroke 

patients who refused cognitive assessment were compared using a Pearson’s chi-
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square test, Mann-Whitney U test, or Student’s t-test when appropriate. To adjust for mul-

tiple comparisons in all analyses a Bonferroni correction was applied (p-values <0.0071 

were considered significant, since there were 7 pairwise comparisons for each analysis).

The mean raw cognitive test scores (±SD) for each test were calculated. The Rey Com-

plex Figure - Copy trial showed a left skewed distribution, therefore this variable was 

transformed (e5) to obtain a normal distribution to use in all subsequent analyses.215 

For the purpose of data reduction, across-domain comparison, and statistical consid-

erations, raw test scores were converted to Z-scores, using the mean and standard de-

viation of the controls. Z-scores of tests assigned to the same cognitive domain were 

averaged and were used in all subsequent analyses as composite Z-score, or domain 

score. If 1 test of a particular domain was missing, the domain score was occasionally 

based on the remaining tests of that domain (always <5.1%).

A 1-way ANCOVA model was used for each cognitive domain with a 2-level factor ad-

justing for age, sex, level of education, depressive symptoms, and fatigue severity. All 

p-values reported were 2-sided and confidence intervals were calculated at the 95%-CI. 

Linear regression was used to explore the effect of differences in follow-up duration and 

performance on cognitive domains adjusting for age, sex, level of education, depres-

sive symptoms, and fatigue. Results were reported as standardised beta coefficients.

Below average performance and cognitive impairment
Due to the long-term follow-up patients differed in age at follow-up cognitive assess-

ment. Obviously, age has an influence on cognitive performance apart from stroke.216 

To account for differences in age, age-adjusted Z-scores for each neuropsychological 

test were calculated using the mean and SD of the controls in 3 different strata of age 

at follow-up: 20-40, 40-60 and 60-80 years. Next, Z-scores of cognitive tests assigned to 

the same cognitive domain were averaged.

The frequency of a below average performance (>1.0 SD below age-adjusted mean of 

controls) and cognitive impairment (>1.5 SD) was determined.140

A Pearson’s chi-square test (or Fisher’s exact test when an expected cell count was less 

than 5) was used to investigate differences between patients and controls in the pro-

portion of participants with cognitive impairment.

Lesion location and cognitive outcome
The frequency of cognitive impairment or a below average performance for each cog-

nitive domain in patients with supratentorial infarction (left vs. right) and infratentori-

al infarction was determined. The proportion of patients with cognitive impairments 

Figure 1	 Flowchart of the study population.

*Severe psychiatric disorder (1), inability to communicate in Dutch (1), blind and deaf (1), severe fatigue (1), 

severe aphasia (only sounds) and bilateral hemianopia (1), severe physical disabilities (1).

were compared with controls using a Pearson’s chi-square test (or Fisher’s exact test 

when an expected cell count was less than 5).

Baseline ever ischaemic 
stroke population

n = 606

Deceased
n = 122

Lost to follow‐up
n = 63

Follow‐up survivors
n = 325

Follow‐up study population
n = 543

Exclusion  cognitive 
assessment

1. Severely  disabled patients  
based on the neurological 

Follow‐up cognitive 
assessment  in first ‐ever 

ischaemic stroke  patients
n = 277

   
    

exam: n = 6*

2. Participated  in the 
FUTURE study, but refused 
to visit the research centre: 
n = 42

n = 96

Refused to participate  in 
 the FUTURE study
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Recurrent stroke
All above described analyses were conducted including and excluding patients with a 

recurrent stroke to investigate whether patients with recurrent events influenced the 

results.

Results
The study population consisted of 277 ischaemic stroke participants and 146 controls 

(Figure 1). 

Basic demographic and clinical characteristics of the study population are described in 

Table 1 and neuropsychological test scores are presented in Table 2. 

Mean age of patients was 40.0 (SD 7.7) years at stroke onset; 55.6% was female. Mean fol-

low-up of the study population was 11.0 (SD 8.2) years, while 48.0% had a follow-up of 10 

years or longer. Participants did not significantly differ on basic demographical and clin-

ical characteristics from ischaemic stroke patients who refused to participate or who did 

participate in the FUTURE study but did not want to visit the research centre (Table 1).

Ischaemic stroke patients had a worse cognitive performance on 6 cognitive domains 

after a mean follow-up of 11 years compared with controls (processing speed: F(1,406): 

35.4, p<0.0001; working memory: F(1,407): 41.7, p<0.0001; immediate memory: F(1,412): 

14.0, p=0.0002; delayed memory: F(1,408): 17.7, p<0.0001; attention: F(1,396): 28.6, 

p<0.0001; executive functioning: F(1,409): 17.2, p<0.0001) (Figure 2).

Follow-up duration
In ischaemic stroke patients longer follow-up duration was associated with a lower 

immediate memory (β: -0.23, p=0.001), delayed memory (β: -0.30 , p<0.0001) and exec-

utive functioning score (β: -0.22, p=0.004).

Below average performance and cognitive impairment
Ischaemic stroke patients showed a substantial higher proportion of patients with a be-

low average performance (-1.5 SD ≤ composite Z-score <-1 SD) or cognitive impairment 

(>1.5 SD) compared with controls (Figure 3A). Up to 50% of all ischaemic stroke patients 

had a below average performance or cognitive impairment. Cognitive impairments 

were frequent among patients, affecting up to 34.5%. Deficits in processing speed, 

working memory, and attention were most common.

Table 1	 	 Demographic and clinical characteristics of the study population and  

				    ischaemic stroke patients who refused cognitive assessment.

Ischaemic stroke
participants Refusalsa p-valueb Controls

(n=277) (n=138) (n=146)

Age at index event (years) 40.0 (7.7) 40.1 (8.0) 0.84c NA

Men 123 (44.4%) 59 (42.8) 0.75d 61 (41.8%)

Follow-up duration 11.0 (8.2) NA NA

      <10 years 144 (51.9%) NA NA

      ≥10 years 133 (48.0%) NA NA

Lesion location

      Supratentorial stroke 218 (79.0%) NA NA

          Left 116 (42.0%) NA NA

          Right 102 (37.0%) NA NA

          Bilateral 7 (2.5%) NA NA

      Infratentorial stroke 51 (18.5%) NA NA

Age at follow-up examination 50.9 (10.3) NA 48.6 (11.7)

Education 5 (4-6) NA 5 (5-6)

NIHSS score at admission 4 (2-8) 4 (2-7.75) 0.79e NA

Barthel Index at follow-up 96.9 (9.7) NA 99.6 (1.5)

     Good outcome (BI ≥85) 262 (94.6%) 146 (100%)

modified Ranking Scale at follow-up 1 (1-2) NA 0 (0-0)

     Good outcome (mRS 0-1) 191 (69.0%) NA 139 (95.2%)

Marital status at follow-up

     Married  180 (65.7%) NA 97 (66.4%)

     Widowed 5 (1.8%) 4 (2.7%)

     Divorced 22 (8.0%) NA 6 (4.1%)

     Never married 67 (24.5%) NA 39 (26.7%)

Employment status at follow-upf

     Working 120 (51.9%) NA 101 (70.1.2%)

     Unemployed 94 (40.7%) NA 35 (24.3%)

     Retired 17 (7.4%) NA 8 (5.6%)

MMSE at follow-up 26.3 (2.6) NA 27.2 (1.9)

HADS - depressive symptoms 4.0 (3.6) NA 2.5 (2.7)
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Ischaemic stroke
participants Refusalsa p-valueb Controls

(n=277) (n=138) (n=146)

CIS-20R - fatigue severity 30.3 (13.9) NA 22.5 (12.8)

TOAST 0.21d

     Large-artery atherosclerosis 66 (23.8%) 42 (30.4%) NA

     Cardiac source of embolism 26 (9.4%) 10 (7.25%) NA

     Small-vessel occlusion (lacune) 38 (13.7%) 16 (11.6%) NA

     Stroke of other determined aetiology 47 (17.0%) 33 (23.9%) NA

     Multiple aetiologies 7 (2.5%) 3 (2.2%) NA

     Stroke of undetermined aetiology 93 (33.6%) 24 (24.6%) NA

Vascular medical history

     Myocardial infarction 16 (5.8%) 3 (2.1%)

     Recurrent stroke 30 (10.8%) NA

Vascular risk factors

     Hypertension 150 (54.2%) 44(30.1%)

     Diabetes mellitus 34 (12.3%) 6 (4.1%)

     Dyslipidaemia 185 (66.8%) 26 (17.8%)

     BMI at follow-up 26.9 (5.1) 26.9 (4.7)

     Smoking

        Current 78 (28.2%) 38 (26.0%)

        Former 129 (46.6%) 55 (37.7%)

        Never 70 (25.3%) 53 (36.3%)

    Alcohol (>2 units/day) 19 (6.9%) 14 (9.6%)

Data are expressed as mean (SD), number (%) or median (Q1-Q3). NIHSS: National Institutes of Health 

Stroke Scale, MMSE: Mini Mental State Examination, HADS: Hospital Anxiety and Depression Scale, CIS-

20R: Checklist Individual Strength, TOAST: Trial of Org 10172 in Acute Stroke Treatment. NA: not applicable. 

Missing data in ischaemic stroke participants: Lesion location: 0.4%, education: 1.1%, NIHSS at admission: 

0.7%, marital status: 1.1%, employment status: 2.5%. MMSE: 2.9%, HADS depression: 1.1%, CIS-20R: 1.1%, 

BMI: 3.2%, alcohol: 0.4%. Missing in the control group: employment status: 1.4%, BMI: 1.4%. Missing in the 

refusals: NIHSS at admission: 1.4%.  a.) Ischaemic stroke patients who refused to participate in the FUTURE 

study (n=96) + patients who participated in the FUTURE study, but refused to visit the research centre 

(n=42); b.)  Comparisons between ischaemic stroke participants and those who refused cognitive →

Table 1	 	 Continued ← assessment; c.)  Student’s t test; d.) Pearson’s chi-square test; e.) Mann-Whitney U test; f.) The propor-

tion of ischaemic stroke patients with baseline employment (n=231) and who were unemployed, still 

employed, or retired at follow-up. Controls: employment status at follow-up.

Table 2		 Neuropsychological test scores of patients with a previous young stroke and  

				    controls.

Cognitive domain & test Ischaemic stroke Controls

Processing speed

     SDMT 42.6 (13.7) 53.3 (10.2)

     Stroop part Ia 4.0 (1.1) 4.7 (0.8)

     Stroop part IIa 3.2 (0.9) 3.7 (0.6)

Visuoconstruction

     ROCF copy 30.7 (5.4) 32.4 (2.8)

Memory

    Working memory

        PPMST ‘%’a 2.8 (1.0) 3.6 (0.8)

        PPMST ‘S’a 2.4 (0.8) 3.1 (0.7)

        PPMST ‘MP’ a 1.6 (0.5) 2.0 (0.5)

        PPMST ‘DHN’a 1.3 (0.4) 1.6 (0.4)

   Immediate memory

        RAVLT trial 1-3 18.3 (6.3) 22.1 (6.1)

        ROCF immediate recall 16.4 (6.5) 18.3 (5.8)

   Delayed memory

        RAVLT delayed recall 5.3 (2.8) 6.9 (2.8)

        ROCF delayed recall 15.8 (6.3) 18.0 (5.7)

Attention

   VSATa 1.2 (0.5) 1.5 (0.4)

Executive functioning

   Verbal fluency 21.3 (6.8) 24.4 (5.8)

   Interferencea 0.51 (0.1) 0.56 (0.1)

Data are expressed as mean (SD). SDMT: Symbol-Digit Modalities Test, ROCF: Rey-Osterrieth Complex Fig-

ure, PPMST: Paper & Pencil Memory Scanning Test, RAVLT: Rey Auditory Verbal Learning Test, VSAT: Verbal 

Series Attention Test. a.) Speed-accuracy composite score. Higher scores indicate better performance on 

all measures.
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Figure 2	 Cognitive performance after first-ever ischaemic stroke in young adults  

				    compared with controls.

Figure shows cognitive performance about 11 years after first-ever ischaemic stroke in young adults com-

pared with controls. Adjusted mean composite Z-score (95%-CI) per cognitive domain (adjusted for age, 

sex, education, depressive symptoms, and fatigue). Grey band represents the 95%-CI of the adjusted 

mean composite Z-score of controls. Missing values in different domains: 0.7-6.5%. No missing values in 

the control group.

* Denotes a significant difference between ischaemic stroke patients and controls. p-value <0.0071 was 

considered significant.

Lesion location and cognitive outcome
One patient could not be classified as supratentorial or infratentorial infarction (infarc-

tion in basal ganglia or brainstem). Seven patients with bilateral supratentorial infarc-

tion were excluded from the analysis since the number of patients was too small for 

further analyses. The results showed that patients with a left supratentorial infarction 

had the worst cognitive outcome, up to 45.5% of patients had cognitive impairments 

on the long term (Figure 3B). 
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Recurrent stroke
After exclusion of patients with a recurrent stroke (n=30) there was no longer a signifi-

cant negative relation between follow-up duration and executive functioning score in 

ischaemic stroke patients. 

Figure 3	 Below average performance or cognitive impairment in ischaemic stroke pa-	

				    tients and controls. 

Figure 3 shows the proportion (%) of ischaemic stroke patients and controls with a below average perfor-

mance (composite Z-score >1.0 SD below the age-adjusted mean of controls) or a cognitive impairment 

(>1.5 SD) about 11 years after stroke A |. The relationship between lesion location and the proportion of pa-

tients with a below average performance or a cognitive impairment compared with controls B |. (page 72)

IS: Ischaemic stroke, Con: Control group, LS: left supratentorial infarction, RS: right supratentorial infarc-

tion, Inf: Infratentorial infarction.  

* Denotes a significantly higher proportion of patients with cognitive impairment compared with con-

trols. p-value <0.0071 was considered significant.
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Discussion
This study showed that a substantial proportion of young ischaemic stroke patients 

after a mean follow-up of 11 years showed a worse cognitive performance on a wide 

range of cognitive domains compared with a matched stroke-free population. Patients 

with a left supratentorial infarction had the worst cognitive outcome.

Strong elements of our study include a large sample size in a single centre, with a high 

response rate.28, 29 We used extensive neuropsychological testing rather than a short 

cognitive screen and we included a representative control group as a reference for 

neuropsychological examination. 

However, some methodological issues need to be addressed. First, the study was not 
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Figure 3	 Continued community-based, but hospital-based and therefore our sample may not represent all 

young stroke survivors in our catchment area. However, we think that our stroke popu-

lation is representative to the wider Dutch stroke population. Those who survive usually 

visit a university medical centre during the course of their disease. Furthermore, the age 

and sex standardised prevalence of stroke in our region equals that of the age and sex 

standardised prevalence of stroke in the Netherlands.217 We therefore believe that our 

cohort has a good external validity. This is also underlined by the fact that we included 

all consecutive cases admitted to our hospital.

Second, cognitive data of patients who refused to participate obviously were lacking, 

but their baseline characteristics did not differ from participants in the present study, 

making a selection bias unlikely.

Although we investigated a wide range of cognitive domains, agnosia or language 

comprehension28 were not included in our neuropsychological assessment. Based on 

the neurological exam we considered the proportion of patients with these symptoms 

to be small and therefore we believe that this has not largely influenced cognitive per-

formance. 

We found relatively low MMSE scores in both the patients and the controls, compared 

with others28 and healthy older adults.218 However, all controls lived independently and 

none fulfilled the clinical criteria for dementia. Furthermore, the diagnostic accuracy of 

the MMSE in detecting cognitive impairment is generally poor, especially outside the 

Alzheimer domain219 hence we believe this finding is of little clinical relevance.

Longer follow-up, adjusted for age effects, was associated with a decrease in cogni-

tive functioning in ischaemic stroke patients. Longer time interval might be associated 

with incident co morbidity that could in turn have negatively affected cognitive per-

formance. Another explanation is that these patients are older and that, apart from 

the stroke, neurodegenerative pathology might have emerged that interacts with the 

cerebrovascular disease.220 A better understanding of this interaction is important as 

especially those with the longest follow-up are the oldest patients who might be at 

risk for further cognitive decline, due to this interaction of vascular lesions and neuro-

degenerative pathology. 

Two studies have investigated cognitive performance in 2429 and 4028 young ischaemic 

stroke patients 4-12 months after stroke. Malm and colleagues29 examined 24 patients 

with cerebellar infarcts and cognitive domains most affected were mental speed, cog-

nitive flexibility, and working memory. We also found that an infratentorial infarction 

was associated with impairments in processing speed and working memory. Cao and 

colleagues28 investigated 40 young ischaemic stroke patients and assessed other do-
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mains and found language comprehension, reasoning and verbal memory to be most 

affected. Processing speed was not assessed in these patients.28 Comparing our results 

with these 2 studies, we found similar deficits in verbal memory, working memory, and 

processing speed, but also deficits in executive functioning and attention are common 

on the long term in ischaemic stroke patients. These 2 domains were not addressed in 

reported studies.28, 29 

A substantial proportion of up to 50% of young ischaemic stroke patients had below 

average cognitive performance or impairment, despite the fact that the median of ini-

tial stroke severity was relatively mild. This highlights the influence of cerebrovascular 

lesions on cognitive performance, even decades after the stroke. It could also be that 

a severity rating scale, which includes predominantly motor signs (NIHSS), may under-

estimate the effect of stroke on other than motor symptoms. This would justify a basic 

careful neuropsychological examination of stroke patients in the (sub)acute phase of 

the disease.

Interestingly, a focal stroke on the long term seems to have a widespread impact on 

cognition, affecting multiple cognitive domains. Increasing evidence suggests that 

focal lesions can have a widespread, diffuse impact on brain network organisation,141 

which may explain the cognitive impairments attributable to dysfunction of the brain, 

remote from the site of the infarction.221 

It appears that stroke in young adults seems to have a relatively better cognitive 

prognosis as compared with stroke in the elderly, as we found cognitive deficits in 

20.4-34.8% of our young ischaemic stroke patients, whereas 31-77%222 was reported 

in elderly stroke survivors. This difference in cognitive prognosis is perhaps due to a 

better collateral blood supply with an attendant lower volume of the infarction, a more 

pronounced neuronal plasticity and the absence of neurodegenerative pathology in 

younger adults.223

Summary
To conclude, in young ischaemic stroke patients, with in general a good motor recov-

ery, long-term cognitive impairments are common. Given the importance of cognitive 

performance for post-stroke quality of life cognitive functioning should be monitored 

in clinical practice. This may also yield valuable information for treating rehabilitation 

services and return to work.
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Abstract 
Background and objective
Few studies exist on subjective cognitive failures after a stroke in young adults (≤50 

years) and their relation to objective cognitive performance is unknown. Therefore, 

we investigated the prevalence of subjective cognitive failures in patients with a 

stroke in young adulthood, and their relation with objective cognitive impairment. 

Methods
This study is part of the ‘Follow-Up of Transient ischaemic attack and stroke patients 

and Unelucidated Risk factor Evaluation’ (FUTURE) study, including patients, aged 18 

through 50 years, admitted to our hospital between 1980 and 2010 with a first-ever 

TIA or ischaemic stroke. The prevalence of subjective cognitive failures in patients 

was determined and compared with 146 age- and sex-matched stroke-free con-

trols. The relation of subjective failures with objective cognitive performance was 

investigated with linear and logistic regression analysis. 

Results
160 patients with a TIA and 277 with an ischaemic stroke were included. After a 

mean follow-up of 10.1 (SD 8.3) years, the prevalence of subjective memory failures 

was 86.4% and that of subjective executive failures was 67.4% in patients, versus 

69.7% (p=0.008) and 41.4% (p=0.002) in controls. A weak association between sub-

jective memory failures and objective immediate (ß: -0.12, p=0.011) and delayed 

memory performance (ß: -0.13, p=0.010) was observed in patients. 

Conclusions
Subjective cognitive failures are prevalent after stroke in young adults, but not 

strongly related to objective cognitive impairment. Therefore, extensive neuropsy-

chological assessment is essential for determination of objective cognitive impair-

ment. However, it is important that subjective cognitive failures are recognised as 

they may indicate underlying psychosocial problems. 

Introduction 
Post-stroke subjective cognitive failures are highly prevalent in the general stroke pop-

ulation.8-10 They are related to current or forthcoming objective cognitive impairment, 

in line with findings in the general elderly population.224, 225 Previous studies report-

ed that in patients with a stroke <55 years, these subjective cognitive failures are very 

common as well up to 2.5 years after stroke, but whether these were also related to 

long-term objective cognitive impairment is not known.9, 30, 31 This information can be 

of help to either prevent unnecessary concern or provide reliable insight in actual or 

future cognitive performance and is particularly important in young adults. They are in 

need for long-term information on possible post-stroke consequences, because they 

usually have a life expectancy of decades ahead. 

Stroke is an umbrella term for, amongst others, also patients with a transient ischaemic at-

tack (TIA). Evidence from older stroke cohorts suggests that a TIA is not as transient as pre-

viously thought, with respect to other less visible symptoms, such as mood disorders.226

Therefore, the aim of our study was to investigate the long-term prevalence of subjec-

tive cognitive failures in patients with a TIA or ischaemic stroke at ages 18 through 50 

years, compared with a stroke-free control population and to investigate the relation 

between these subjective cognitive failures and objective cognitive performance. 

Methods

Patients and study design
This study is part of the ‘Follow-Up of Transient ischaemic attack and stroke patients 

and Unelucidated Risk factor Evaluation’ (FUTURE) study, a large cohort study that in-

vestigates causes and consequences of stroke in young adults. Details of the study 

have been described extensively elsewhere.42, 110 The Medical Review Ethics Committee 

region Arnhem-Nijmegen approved the study.

In short, the FUTURE study comprised all consecutive patients aged 18 through 50 years 

with a TIA, ischaemic stroke or intracerebral haemorrhage, admitted to the Radboud 

University Nijmegen Medical Centre from January 1, 1980, until November 1, 2010.110 

For the present study, only first-ever TIA or ischaemic stroke patients were assessed. 

Patients were included prospectively between 1980 and 2010 with a standardised col-

lection of baseline and clinical characteristics.132 TIA was defined as a rapidly evolving 

focal neurological deficit with no other than a vascular cause lasting less than 24 hours. 

Stroke was defined similarly, but with symptoms lasting more than 24 hours.102, 110, 128, 132 
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All patients underwent neurological examination and brain imaging at the time of their 

index event. Radiological findings were used to differentiate between ischaemic and 

haemorrhagic stroke.

The assessment of stroke severity (National Institutes of Health Stroke Scale (NIHSS)213) 

was done for all cases retrospectively by a validated approach,165, 214 as these scales did 

not exist at the time when a substantial proportion of our patients experienced their 

qualifying event.42

Cerebral venous sinus thrombosis was excluded. There were additional exclusion crite-

ria for cognitive assessment based on the neurological exam, which was also a part of 

the FUTURE study. 

Stroke-free control participants were recruited among the patients’ spouses, relatives, 

or social environment, resulting in a sex- and age-matched control group (n=146). They 

had to be at least 18 years old, without a history of TIA or stroke. Controls were all living 

independently, none fulfilled the clinical criteria of dementia.139

Written informed consent was obtained from all patients and control participants.

Follow-up
All patients alive were invited to visit our research centre for a follow-up examination be-

tween November 1, 2009 and January 1, 2012, including assessment of subjective cog-

nitive failures and an extensive neuropsychological investigation in the same session. 

Subjective cognitive failures
The presence of subjective cognitive failures in the past month was assessed, using a 15 

items semi-structured interview based on the Cognitive Failures Questionnaire (CFQ).183 

This version was also used in other large scale epidemiologic research.227, 228 

Our primary outcome measures were the prevalence of subjective memory failures 

and of subjective executive failures. This subdivision of subjective cognitive failures into 

memory failures and executive failures was made, in order to correlate these specific 

failures to the objective cognitive domains of memory and executive functioning, re-

spectively. 

Subjective cognitive failures were considered present when a participant scored a ‘2 

(moderate)’ or higher on at least 1 item with a scale of 0 to 3 or scored a ‘1’ on at least 

1 item with dichotomous answers (failure present or absent). For this study, only items 

specific for memory failures (missing data in 10 subjects (2.3%)) and executive failures 

(missing data in 1 patient (0.2%)) were used. 

Objective cognitive performance
For the present study, the following cognitive domains were examined: Working mem-

ory (Paper and Pencil Memory Scanning Task (PPMST)), Immediate memory (Rey-Oster-

rieth Complex Figure Test (ROCF) - Immediate recall and the total number of words 

immediately recalled in the 3-trial version of the Rey Auditory Verbal Learning Test 

(RAVLT)), Delayed memory (delayed recall on the ROCF and the RAVLT), and Executive 

functioning (Verbal Fluency and Stroop Interference). If 1 test of a particular domain was 

missing, the domain score was based on the remaining tests of that domain (always 

<5.1%). Detailed information on the neuropsychological examination and calculation 

of domain-scores is described extensively elsewhere.42, 139 The MMSE was administered 

as a measure of global cognitive performance. 

Other measures
Other measures were education, depressive symptoms, fatigue, and current level of 

performance (assessed by the modified Rankin Scale). Level of education was scored 

with a widely-used Dutch scoring system (1 = less than primary school; 7 = university 

degree).229

Depressive symptoms and anxiety were measured using the Hospital Anxiety and De-

pression Scale (HADS), with a cut-off value for the presence of depressive symptoms 

or anxiety of >7.230 Fatigue was assessed using the subscale Subjective Fatigue of the 

revised Checklist Individual Strength (CIS-20R).193, 209

We assessed vascular risk factors (hypertension, diabetes mellitus, dyslipidaemia, 

smoking (current/former/never), current alcohol use (>2 U/day)) and vascular disease 

(myocardial infarction and recurrent stroke) on the basis of medical history using a 

standardised, structured questionnaire, and/or the use of medication. Whenever a 

myocardial infarction or recurrent stroke/TIA was suspected, information retrieved was 

verified and adjudicated by physicians. The body mass index at follow-up was calculat-

ed as weight (kg) divided by height (m) squared. 

Statistical analysis
Baseline characteristics were compared between participants, non-participants (those 

patients that refused and patients lost to follow-up), and deceased patients using Stu-

dent’s t-test, Mann-Whitney U test or chi-square-test when appropriate. Age between 

stroke subgroups (TIA or ischaemic stroke) and controls was compared with a Student’s 

t-test and sex with a chi-square test. P-values <0.05 were considered statistically signif-

icant, unless otherwise specified.
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The prevalence of subjective memory failures and of subjective executive failure was 

calculated, defined as the proportion of subjects in whom subjective memory or exec-

utive failures were present. Logistic regression was used to calculate the risk of having 

subjective memory or executive failures as a patient with a stroke ≤50 years, compared 

with stroke-free controls. Subsequently, the distribution of the total scores of subjec-

tive memory and executive failures is reported as a measure of severity of subjective 

failures. Next, we calculated prevalence of subjective memory failures and of subjective 

executive failure, stratified by tertiles of follow-up (first tertile: up to 4.43 years, n=145; 

second tertile: 4.45 to 13.27 years, n=146; third tertile: 13.49 to 30.00 years, n=146)

In addition, we calculated whether fatigue, the presence of depressive symptoms, and 

the presence of anxiety were associated with the presence of subjective memory fail-

ures or with the presence of subjective executive failures.

The association between subjective cognitive failures and objective cognitive perfor-

mance was calculated in 2 ways. First, for each stroke subtype (TIA or ischaemic stroke) 

and controls, correlations between total scores of subjective memory failures and do-

main scores of objective (working, immediate, and delayed) memory and correlations 

between subjective executive failures and the domain score of objective executive 

functioning were determined using linear regression. In this analysis, a correction for 

multiple testing was applied, using the Bonferroni method. Alpha was set at 0.013 (0.05 

divided by 4 (number of cognitive domains)). Second, we tested with a chi-square test, 

whether the presence of subjective memory and executive failures differed between 

cognitively impaired and unimpaired patients on the memory domain and executive 

functioning domain, respectively (cut-off point >1.5 SD below the mean of the control 

group). Controls were excluded from this analysis, because of the small absolute num-

ber of cognitively impaired patients in this group. 

Age at follow-up, sex, NIHSS-score at admission, education, presence of depression, 

and fatigue were considered potential confounders and adjusted for in analyses when 

appropriate. NIHSS-score in controls was set at ‘0’

All statistical analyses were performed with SPSS 20.0 software for Windows.

Results
Study population and demographics
437 patients were included in the analysis for this study (Figure 1), of whom 160 (36.6%) 

had a TIA, and 277 (63.4%) had an ischaemic stroke. 

Demographics and clinical characteristics are listed in Table 1. 

Table 1		 Demographic and clinical variables of patients with a stroke at young age  

				    and controls.

TIA
(n=160)

IS
(n=277)

Controls
(n=146)

Baseline

Age at index event (years); mean (SD) 40.9 (8.0) 40.0 (7.7) NA

Men, n (%)a 75 (46.9) 123 (44.4) 61 (41.8)

NIHSS-score at admission; median (Q1-Q3) 0 (0-1) 4 (2-8) NA

Follow-up 

Follow-up duration (years)

       Mean (SD) 8.7 (8.3) 11.0 (8.2) NA

       Median (Q1-Q3) 4.8 (4.8-15.4) 9.3 (4.0-16.6) NA

Age at follow-up (years); mean (SD)b 49.7 (11.2) 50.9 (10.3) 48.6 (11.7)

Education; median (Q1-Q3) 5 (5-6) 5 (4-6) 5 (5-6)

MMSE at follow-up; mean (SD) 26.7 (2.3) 26.3 (2.6) 27.2 (1.9)

mRS at follow-up; median (Q1-Q3) 0 (0-1) 1 (1-2) 0 (0-0)

HADS-depressive symptoms; median (Q1-Q3) 3 (1-5) 3 (1-6.25) 2 (0.75-4)

CIS- fatigue; median (Q1-Q3) 30 (17-41) 30.5 (18-43) 19 (12-30)

Incident vascular events

       Incident myocardial infarction; n (%) 7 (4.4) 16 (5.8) 3 (2.1)

       Incident stroke/TIA;  n (%) 25 (15.6) 47 (17.0) NA

Vascular risk factors

       Hypertension; n (%) 86 (53.8) 150 (54.2) 44 (30.1)

       Diabetes mellitus; n(%) 16 (10) 34 (12.3) 6 (4.1)

       Hypercholesterolaemia;  n (%) 105 (65.6) 185 (66.8) 26 (17.8)

       BMI at follow-up; mean (SD) 26.4 (4.2) 26.9 (5.1) 26.9 (4.7)

       Smoking

          Current; n (%) 34 (21.3) 78 (28.2) 38 (26.0)

          Former; n (%) 59 (36.9) 129 (46.6) 55 (37.7)

          Never; n (%) 65 (40.6) 70 (25.3) 53 (36.3)

       Current alcohol  consumption

       (> 2 units/ day); n (%)   

9 (5.6) 19 (6.9) 13 (8.9)

TIA: Transient Ischaemic Attack, IS: ischaemic stroke, NIHSS: National Institutes of Health Stroke Scale, 

MMSE: Mini Mental State Examination, mRS: modified Rankin Scale, HADS: Hospital Anxiety and →
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← Depression Scale, CIS-fatigue: Checklist Individual Strength, fatigue subscale, BMI: Body Mass Index, NA: 

not applicable. a.) no significant difference between the overall patient group and controls, tested with a 

chi-square test, and b.) Student’s t-test. Ischaemic strokes only differed significantly from controls on age 

at follow-up, p=0.039. 

Figure 1	 Flowchart of study population.

0-6) in participants, p<0.001 and p<0.001, respectively). Deceased patients were more 

often men (56.4% versus 45.3%, p=0.017) and slightly older than participants at the time 

of their index event (mean 42.6 (SD 6.6) years versus 40.3 (SD 7.8) years, p=0.002). Pa-

tients lost to follow-up were slightly younger than participants at the time of the index 

event (38.1 (SD 8.5) years versus 40.3 (SD 7.8) years, p=0.025). 

Prevalence of subjective cognitive failures
The overall prevalence of subjective memory and executive failures in patients with 

a stroke ≤50 years was 86.4% and 67.4%. Prevalence of subjective cognitive failures 

stratified by stroke subtype is shown in figure 2A and 2B. Figure 2C and 2D show the 

distribution of total scores of subjective memory and executive failures. Patients more 

often had higher total scores of subjective memory failures (73.5% with a score >2) and 

subjective executive failures (51.6% with a score >2) than controls (46.2% (p=0.0004) 

and 20.5% (p=0.00006), respectively). Prevalence of subjective memory and executive 

failures did not differ between the 3 tertiles of follow-up duration, although there was 

a trend towards higher prevalence of subjective memory failures among patients in the 

tertile with the longest follow-up (OR 2.7, 95%-CI 1.0-7.1). 

The risk of having subjective memory failures was higher in ischaemic stroke patients 

(OR 3.0, 95%-CI 1.5-5.9) than in controls, but did not differ significantly between TIA-pa-

tients (OR 1.6, 95%-CI 0.9-2.9) and controls. The risk of having subjective executive fail-

ures was higher in ischaemic stroke patients (OR 2.9, 95%-CI 1.7-5.1) than in controls, but 

did not differ significantly between TIA-patients (OR 1.6, 95%-CI 1.0-2.7) and controls.

In the patients, the severity of fatigue (OR 1.1, 95%-CI 1.0-1.1, per point of the subscale 

Severe Fatigue of the CIS20R-questionnaire), the presence of depressive symptoms (OR 

12.7, 95%-CI 1.7-94.3), and the presence of anxiety (OR 4.5, 95%-CI 1.6-13.1) were all asso-

ciated with the presence of subjective memory failures in univariate logistic regression 

analysis. When these 3 variables were put together in a multivariate logistic regression 

model, only fatigue was independently associated with the presence of subjective 

memory failures (OR 1.1,95%-CI 1.0-1.1, per point of the subscale Severe Fatigue of the 

CIS20R-questionnaire).

In the patients, the severity of fatigue (OR 1.1, 95%-CI 1.0-1.1, per point of the subscale 

Severe Fatigue of the CIS20R-questionaire), the presence of depressive symptoms (OR 

5.1, 95%-CI 2.2-11.6), and the presence of anxiety (OR 3.8, 95%-CI 2.1-7.1) were all associ-

ated with the presence of subjective executive failures in univariate logistic regression 

analysis. 
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Patients who refused to participate did not differ from participants with respect to type 

of index event, sex, age at index event, and NIHSS-score at admission. Deceased pa-

tients and patients who were lost to follow-up more often had an ischaemic stroke 

than a TIA as index event than participants. They also had higher NIHSS-scores at ad-

mission than participants (median 5.5 (Q1-Q3: 2-12) and 4 (Q1-Q3: 1-11) versus 2 (Q1-Q3: 
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Figure 2	 Prevalence and severity of subjective cognitive failures.

TIA: Transient ischaemic attack, IS: ischaemic stroke. Missing data in part A and C: 3 in TIA group, 7 in IS 

group. Missing data in part B and D: 1 in TIA group. * p<0.01, ** p<0.001.
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When these 3 variables were put together in a multivariate logistic regression mod-

el, only fatigue was independently associated with the presence of subjective mem-

ory failures (OR 1.1, 95%-CI 1.0-1.1, per point of the subscale Severe Fatigue of the 

CIS20R-questionnaire).

In controls, the severity of fatigue was (OR 1.1, 95%-CI 1.0-1.1, per point of the subscale 

Severe Fatigue of the CIS20R-questionnaire) associated with the presence of subjec-

tive memory failures and executive failures. The presence of depressive symptoms or 

anxiety was not related to the presence of subjective memory failures and executive 

failures, in the univariate nor in the multivariate model.

Relation between subjective cognitive complaints and objective
cognitive performance 
Table 2 shows that there was a statistically significant association between subjective 

memory failures and cognitive domain scores of immediate memory (ß: -0.12, p=0.011) 

and delayed memory (ß: -0.13, p=0.010) in the overall stroke population. 

In ‘Online resource 1’, a scatter plot shows that effect sizes of this relation were small, 

with an R2 of 0.06 and 0.05, respectively. The statistically significant difference disap-

peared after stratification by stroke subtype, taking into account the Bonferroni cor-

rection. Subjective executive failures and objective executive performance were not 

associated. 

In controls, no significant associations between subjective cognitive failures and objec-

tive cognitive performance were found. 

In patients with an ischaemic stroke or TIA, the prevalence of subjective cognitive fail-

ures did not differ between patients with or without cognitive impairment (defined as 

>1.5 SD below the mean of the control group) (Figure 3).

Table 2		 Relation between subjective cognitive failures and objective cognitive perfor- 

				    mance.

Working 
memory

Immediate
memory

Delayed
memory

Executive
functioning

Subjective memory failures

    Participants, overall -0.03 -0.12a -0.13a NA

          TIA -0.08 -0.06 -0.09 NA

          Ischaemic stroke -0.01 -0.15 -0.15 NA

    Controls 0.03 -0.10 -0.05 NA

Subjective executive failures

    Participants, overall NA NA NA 0.00

          TIA NA NA NA -0.04

          Ischaemic stroke NA NA NA 0.01

    Controls NA NA NA 0.04

Table 2 shows correlations between total score of subjective cognitive failures and z-scores of objective 

cognitive performance, calculated with linear regression analysis (numbers in table are adjusted beta’s). 

NA: correlation not determined. a.) p<0.013 (indicating statistical significance after Bonferroni correction).

Online resource 1		  →  Page 90

Relation between subjective memory failures and objective memory performance.

A | Subjective memory performance and objective immediate memory performance. 

B | Subjective memory performance and objective delayed memory performance.
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Figure 3	 Subjective cognitive failures, stratified by presence of objective cognitive  

				    impairment.

TIA: Transient ischaemic attack, IS: ischaemic stroke, SMF: subjective memory failures, SEF: subjective ex-

ecutive failures.

No statistically significant differences between ‘No cognitive impairment’ and ‘Cognitive impairment’ in 

any of the subgroups or cognitive domains.

Missing data in part C: TIA, n=2, IS, n=7; and in part D: IS, n=6.
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Figure 3	 Continued Discussion
Subjective memory and executive failures were highly prevalent in our study popula-

tion. We found a statistically significant, yet weak association between the subjective 

cognitive failures and objective cognitive performance in the overall population with a 

stroke at young age, but this association disappeared when stratified by stroke subtype 

after correction for multiple testing. 

A strength of our study is the large sample size with inclusion of all consecutive cases, 

admitted to our hospital. Since in the Netherlands all patients with a stroke at young 

age who survive usually visit a university medical centre during the course of their 

disease, we believe that our study population is a representative cohort for a Dutch 

population with a stroke at young age. In comparison with other studies on patients 

with stroke at a young age, we found similar prevalence of diabetes mellitus and hy-

pertension, a little higher prevalence of hypercholesterolaemia and a somewhat lower 

prevalence of alcohol consumption and smoking.43, 231 However, overall, we conclude 

that the contribution of traditional vascular risk factors was rather comparable to other 

studies on patients with a stroke at young age. Therefore, our results are generalisable 

to other cohorts with patients with stroke at young age in Western societies. Another 

strong element is the inclusion of stroke-free controls. The prevalence of subjective 

memory failures and subjective executive failures among stroke-free controls was high. 

This may be due to several reasons. First, the high prevalence in controls may be a 

reflection of the high prevalence of subjective cognitive failures in the general pop-

ulation. The strict cut-off value from the Cognitive Failures Questionnaire (CFQ) — 1 

positive answer already results in classification as ‘subjective cognitive failures present’ 

— makes it a very sensitive method for assessing subjective cognitive failures, but may-

be not very specific. One population-based study, using the CFQ with the same strict 

cut-off value found subjective memory failures present in 72%.227 However, participants 

in this study were on average 72 years old. Younger individuals may report subjective 

memory complaints less often; unfortunately this has never been formally assessed 

with the CFQ. Second, although controls did not suffer from a stroke themselves, they 

all had a spouse or close relative with a stroke at young age (as controls were recruited 

from the patients social environment). This might have been a stressful life event to 

the controls as well, that could have resulted in psychological vulnerability, that on its 

turn might have contributed to the emergence of subjective memory complaints.232 

However, the presence of depressive symptoms or anxiety was not related to the pres-

ence of subjective cognitive failures in our control group. Moreover, prevalence did 

not differ between controls with a relative who had a stroke <2 years ago and controls 

C

D

Delayed memory
 

Executive functioning

No cognitive impairment  Cognitive impairment  

%
 w

ith
 SM

F

    

 
  

%
 w

ith
 SE

F

    

70

80

90

100

50

60

0

40

n=123 n=35 n=211 n=59

  ISTIA   IS

n=134
  
n=26 n=205 n=66

70

80

90

100

0

40

50

60

  ISTIA   IS



9594

Long-term neuropsychological and social consequences after stroke in young adults

PART III Chapter 5

Subjective cognitive failures after young TIA and ischaemic stroke

5

with our finding that, after long-term follow-up, fatigue, depressive symptoms, and 

anxiety were associated with the presence of subjective memory and executive fail-

ures in the univariate model. Only fatigue was associated with subjective memory and 

executive failures in the multivariate model, independent from depressive symptoms 

and anxiety. The fact that depressive symptoms were not independently (from fatigue 

and anxiety) associated with subjective memory failures in the multivariate model, may 

however been the result of limited power, suggested by the large confidence intervals. 

A meta-analysis in elderly concluded that the presence of subjective memory com-

plaints was related to future mild cognitive impairment or dementia.224 This contradic-

tion with our findings may be because older patients, in addition to the similar cerebral 

ischaemia as in young patients, may also suffer from co-existing neurodegeneration, 

such as amyloid pathology. 

Future research in patients with a stroke at young age should focus on effective cop-

ing strategies with difficulties they are confronted with in daily life, including proper 

knowledge on factors as the presence of depression, fatigue, or work-related issues. 

Unraveling these factors will give the opportunity to effectively adjust rehabilitation 

programmes to these young patients’ specific needs.

In conclusion, our study showed that subjective cognitive failures are highly prevalent 

in patients after a stroke at young age, but these were not strongly related to objective 

cognitive impairment. Given the rising incidence of stroke in young adults, in com-

bination with a usually long life expectancy in these young survivors, the number of 

patients confronted with long-term consequences, such as the highly prevalent sub-

jective cognitive failures, will increase. This study provides insight in how these sub-

jective cognitive failures need to be interpreted by the clinician, and how patients can 

be informed accordingly. For instance, it clearly shows that for the determination of 

objective cognitive impairment, one should not rely on these self-report measures of 

subjective cognitive failures, but a more extensive neuropsychological examination is 

essential. However, it is important that subjective cognitive failures are recognised in 

these patients, because they might indicate other underlying psychosocial problems 

that need guidance or psychological problems that need treatment.

who had a relative with a stroke >2 years ago, a period after which the recovery period 

of neurological deficits in patients is usually considered to be stabilised. However, the 

presence of a higher degree of fatigue was associated with the presence of subjective 

cognitive failures in our control group. The underlying reasons for the presence of fa-

tigue in the control group are unknown. It may be related to co morbidities other than 

stroke, that were not an exclusion criterion in controls. However, these co morbidities 

were neither an exclusion criterion in patients. Comparison with this reference group is 

therefore essential for a realistic comparison with our patient group and a meaningful 

interpretation of findings.

There are some methodological issues that need to be addressed. First, selection bias 

might have occurred, due to patients who refused to participate, patients lost to fol-

low-up, and patients who were deceased. However, patients who refused to partic-

ipate did not differ from participants in baseline clinical and demographic variables 

(index event, sex, age at index event, and stroke severity), making selection bias un-

likely. Patients who were lost to follow-up and deceased patients more often had an 

ischaemic stroke than a TIA. As the prevalence of subjective cognitive failures was very 

high in ischaemic stroke patients, this would only have underestimated the overall high 

prevalence of subjective cognitive failures and would not have altered our conclusions. 

Information bias in collecting data on cognitive functioning might have occurred, be-

cause researchers were not blinded to which group a patient belonged (stroke subtype 

or control), due to the presence of visible physical disabilities. However, strict instruc-

tion protocols were used to assess subjective and cognitive performance by trained 

researchers. 

Potentially, recall bias might have occurred, especially among those with the most out-

spoken cognitive impairment. However, as we assessed the current subjective cogni-

tive failures, we believe that our results are not largely influenced by recall bias. 

Finally, confounding is another bias to be considered. However, we tried to overcome 

this by adjusting for several confounding factors in our analysis. 

The highly prevalent subjective cognitive failures we found in our study were not 

strongly related to objective cognitive impairment. Two previous studies investigated 

the relation between subjective cognitive complaints and objective cognitive func-

tioning in stroke patients in the subacute phase after the stroke9 and after 3 months 

of follow-up.8 Although they reported some contradictory results on the association 

between subjective cognitive failures and objective cognitive impairment, they both 

suggested that the subjective cognitive failures are at least in part the result of other 

factors than objective cognitive impairment, for example mood disorders. This is in line 
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Abstract
Background and objective 
Few studies exist on long-term post-stroke depressive symptoms and anxiety in 

young adults, although these young patients have a particular interest in their 

long-term prognosis, given their usually long life expectancy, being in the midst of 

an active social, working, and family life.

The aims of this study are to investigate the prevalence of depressive symptoms 

and anxiety and their association with clinical and demographic variables and with 

functional outcome after stroke in young adults. 

Methods 
Long-term prevalence of depressive symptoms and anxiety was calculated in 511 

patients with a TIA or ischaemic stroke, aged 18-50 years, using the Hospital Anx-

iety and Depression-scale, compared with 147 controls. Functional outcome was 

assessed with the modified Rankin Score (mRS) and Instrumental Activities of Daily 

Living (IADL). 

Results 
16.8% of patients had depressive symptoms and 23.0% had anxiety, versus 6.1% 

(p=0.001) and 12.2% (p<0.001) in controls. In ischaemic stroke patients, depressive 

symptoms and anxiety were associated with poor functional outcome (mRS>2 or 

IADL<8). 

Conclusion 

Even after a decade after stroke at young age, depressive symptoms and anxiety 

were prevalent and associated with poor functional outcome. Therefore, even in 

the long term, treating physicians should be aware of the long-term presence of 

these symptoms, as their recognition may be the first step in improving long-term 

functional independence.

Introduction 
Many studies investigate the prevalence of post-stroke depressive symptoms and 

anxiety in stroke populations, usually with a mean age over 70 years.11-16 Studies that 

assess the effect of these symptoms on functional outcome suggest a negative influ-

ence on functional outcome after a few months or years.17-20 Patients with a stroke at a 

young age (≤50 years) have a particular interest in factors that influence their long-term 

outcome, as they usually have a life expectancy of decades ahead. Possible adverse 

effects of depressive symptoms or anxiety on functional outcome in these patients 

may be more profound, because they are in a vulnerable period of life with respect to 

socio-economic consequences. However, few studies reported on the long-term prev-

alence of depressive symptoms and anxiety in this specific age-group.26, 27, 32 Only 1 of 

these related them to functional outcome, measured with the modified Rankin Scale, 

which includes little information on more complex tasks in daily living.26 Furthermore, 

no studies exist on depressive symptoms and anxiety in young patients with a transient 

ischaemic attack (TIA). However, increasing evidence from other stroke studies sug-

gests that less visible symptoms, such as cognitive impairment or mood disorders, may 

persist after the resolution of the focal neurological deficits caused by the TIA.38, 39, 226 

Therefore, we investigated the prevalence of depressive symptoms and anxiety and 

demographic and clinical variables associated with these symptoms, as well as the re-

lation between these symptoms and long-term functional outcome in patients with a 

TIA or ischaemic stroke at a young age. 

Methods

Patients and study design
This study is part of the ‘Follow-Up of Transient ischaemic attack and stroke patients 

and Unelucidated Risk factor Evaluation’ (FUTURE) study, a cohort study that investi-

gates causes and consequences of stroke in young adults. Details of the study have 

been described elsewhere.42, 110 The Medical Review Ethics Committee region Arn-

hem-Nijmegen approved the study.

In short, the FUTURE study comprises 1 005 consecutive patients with a TIA, ischaemic 

stroke (excluding cerebral sinus thrombosis) or intracerebral haemorrhage, aged 18 

through 50 years, admitted to the Radboud University Nijmegen Medical Centre be-

tween January 1, 1980 and November 1, 2010. For the present study, only first-ever TIA 

and ischaemic stroke patients were assessed. Patients were identified through a pro-
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spective registry with a standardised collection of baseline and clinical characteristics 

(including demographics and stroke subtype). TIA was defined as a rapidly evolving 

focal neurological deficit without positive phenomena such as twitches, jerks or myo-

clonus, with no other than a vascular cause lasting less than 24 hours. Stroke was de-

fined similarly, but with symptoms lasting more than 24 hours. All patients underwent 

neurological examination and brain imaging at the time of their index event. Radiolog-

ical findings were used to differentiate between ischaemic and haemorrhagic stroke. 

The assessment of stroke severity (National Institutes of Health Stroke Scale (NIHSS)213) 

was done for all cases retrospectively by a validated approach.165, 214 NIHSS-score in con-

trols was set at ‘0’. Lesion location was based on review of presenting clinical signs and 

symptoms and radiological findings, categorised into supratentorial left, supratentorial 

right, bilateral, and infratentorial.

Control participants were recruited from the same environment as the patients, among 

the patients’ spouses, relatives, or social environment (n=147). The patient group and 

control group were matched for age and sex. Controls had to be at least 18 years old, 

without a history of TIA or stroke. They were all living independently. 

Written informed consent was obtained from all participating patients and controls.

Follow-up
All patients alive were invited to visit our research centre for a follow-up examination 

between November 1, 2009 and January 1, 2012. If patients consented to participate, 

but were not able to visit our research centre, data were collected by means of a stan-

dardised, structured questionnaire on paper. 

Depressive symptoms and anxiety 
Our primary outcome measure was the prevalence of depressive symptoms or anxiety, 

operationalised as a score higher than 7 on either the depression or the anxiety items 

of the Hospital Anxiety and Depression Scale (HADS).230 This is a self-administered ques-

tionnaire used to evaluate depressive symptoms and anxiety in the past week and is 

well validated in stroke patients233 and in large population-based studies.184 The cut-off 

value we used is considered to be suggestive of the presence of depressive symptoms 

or anxiety.230, 233  Information on the HADS was missing in 12 participants (2.4%). 

Functional outcome
Functional outcome was assessed with the modified Rankin Scale (mRS) and the In-

strumental Activities of Daily Living-scale (IADL).192 The mRS predominantly measures 

outcome based on motor function. The IADL complements this with the assessment of 

more complex tasks necessary for independent living in a community.128 

In the 68 patients who only filled out questionnaires (because they were not able to 

participate in person), IADL was not assessed. Information on mRS was missing in 2 

participants (0.4%) and on IADL in 5 participants (1.1%).

Assessment of incident vascular events and vascular risk factors
We assessed vascular risk factors (hypertension, diabetes mellitus, dyslipidaemia, cur-

rent smoking, current alcohol use (>2 U/d)) and vascular disease (myocardial infarction 

and recurrent stroke) on the basis of medical history taking using a standardised, struc-

tured questionnaire, and/or the use of medication. Whenever a myocardial infarction 

or recurrent stroke/TIA was suspected, medical records were reviewed for verification 

of the event by physicians from the appropriate specialty, that is, either a cardiologist or 

a neurologist.102 The body mass index (BMI) at follow-up was calculated as weight (kg) 

divided by height (m) squared.139 

In the patients who only filled out questionnaires only (n=68), vascular risk factors (di-

abetes mellitus, dyslipidaemia and hypertension) were considered present when di-

agnosed by a physician. In these 68 patients, BMI, smoking, and alcohol consumption 

were not assessed.

Other measurements
Educational level, a history of depression, and unemployment at follow-up (excluding 

retirement) were considered possible confounders.

Level of education was scored with a widely-used Dutch scoring system (1 = less than 

primary school; 7 = university degree).229 

A history of depression before index event was assessed by asking the patient if there 

had ever been a period of depression, verified by additional questions about treatment 

or professional counseling. ‘History of depression before index event’ in controls was 

defined as ‘history of depression ever’.

Employment status was assessed in a self-questionnaire, during the follow-up visit.

In the 68 patients who only filled out questionnaires (because they were not able to 

participate in person), a history of depression before index event and employment sta-

tus were not assessed.
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Statistical analysis
Baseline characteristics were compared between participants, non-participants (pa-

tients who refused and patients lost to follow-up), and deceased patients, using Stu-

dent’s t-test, Mann-Whitney U test or chi-square-test when appropriate. Sex and age 

were compared between patients and controls, using a chi-square-test and a Student’s 

t-test, respectively. 

The prevalence of depressive symptoms and anxiety was calculated and compared 

with controls with a chi-square test. Logistic regression, stratified on sex, was used 

to calculate the risk of having depressive symptoms or anxiety as a TIA- or ischaemic 

stroke patient compared with controls.

Age at follow-up, sex, education, NIHSS-score at admission, observation time, and a 

history of depression before the index event were considered potential confounders 

and adjusted for in all analyses when appropriate.

Since the present study features a long inclusion period (1980-2010), TIA- and ischaemic 

stroke patients were stratified into tertiles of observation time (n=170/171 per tertile). 

A chi-square test was used to test differences in the prevalence of depressive symp-

toms or anxiety between lesion locations. 

The following analyses were performed only in ischaemic stroke patients, because of 

too small numbers in TIA-patients to perform meaningful logistic regression analysis.

First, 2 multiple logistic regression models were constructed, 1 with the presence of 

depressive symptoms as dependent (dichotomous) variable and 1 with the presence of 

anxiety as dependent (dichotomous) variable. These models contained demographic 

and clinical factors that may theoretically be associated with depressive symptoms and 

anxiety as independent variables. Age at follow-up, sex, education, and NIHSS-score at 

admission were forced into the model. Observation time, recurrent stroke, a history of 

depression before the index event, current alcohol use (>2 U/day), and unemployment 

were put into the model with the backward logistic regression method. These variables 

were removed from the model when they did not significantly alter the model. 

Second, the association between the presence of depressive symptoms or anxiety and 

a poor functional outcome in ischaemic stroke patients was calculated with logistic re-

gression analysis. Poor functional outcome was defined as a mRS>2 or an IADL<8. Sep-

arate analyses were performed for each of these 2 dependent dichotomous outcomes, 

with the presence of depressive symptoms or anxiety as the independent variable and 

age at follow-up, sex, education, NIHSS-score at admission, and observation time as 

confounders. 

All statistical analyses were performed with SPSS v20.0 software for Windows.

Results
Study population and demographics
For the present study, 511 patients were included, of whom 186 (36.4%) had a TIA and 

325 (63.4%) had an ischaemic stroke (Figure 1). Their baseline characteristics are pre-

sented in Table 1. 

Patients who refused to participate did not differ from participants with respect to in-

dex event, sex, age at index event, and NIHSS-score at admission. The proportion of 

patients with an ischaemic stroke was higher among deceased patients and patients 

who were lost to follow-up compared with participants. These 2 groups had higher 

NIHSS-scores at admission than participants (deceased: median 5 (Interquartile range 

(IQR) 2-12), p<0.001, lost to follow-up: median 4 (IQR 1-11.5), p<0.001, participants: me-

dian 2 (IQR 0-6). Deceased patients more often were men (55.8% versus 44.9%, p=0.01). 

Deceased patients and patients who were lost to follow-up were older than partici-

pants at the time of the index event (mean 42.5 (SD 6.7) years, p=0.002 and 38.2 (SD 8.6) 

years, p=0.04, versus 40.2 (SD 7.8) years). 

Figure 1	 Flowchart of study population.

TIA: Transient Ischaemic Attack

  

n = 868

Lost to follow‐up
n = 73

Deceased
n = 145

Refused to participate
n = 139

Follow‐up survivors,
visited our clinic

n = 443

Follow‐up survivors
n = 723

Follow‐up survivors,  
questionnaire  only

n = 68

Baseline ever ischaemic
stroke or TIA
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Table 1		 Description of demographic and clinical variables in patients and controls.

TIA

n=186

Ischaemic stroke

n=325

Controls

n=147

Baseline 

Age (years) at index event, median (IQR) 42.9 (34.8-47.2) 41.2 (35.7-46.5) NA

Age (years) at index event, mean (SD) 40.5 (8.0) 40.0 (7.8) NA

NIHSS score at admission, median (IQR) 0 (0-1) 4 (2-9) NA

Depression ever before index event, n (%) 33 (20.8) 50 (18.1) 60 (41.1)

Follow-up

Men, n (%)a 83 (44.6) 143 (44.0) 63 (42.9)

Observation time (years), median (IQR) 4.7 (2.5-14.4) 8.5 (3.0-16.6) NA

Observation time (years), mean (SD) 8.3 (8.1) 10.6-8.4 NA

Age (years) at follow-up, median (IQR) 49.2 (40.7-54.1) 50.0 (44.6-57.6) 48.5 (43.0-55.6

Age (years) at follow-upb, mean (SD) 48.9 (11.3) 50.7 (10.4) 48.7 (11.7)

Education, median (IQR) 5 (5-6) 5 (4-6) 5 (5-6)

mRS at follow-up, median (IQR) 0 (0-1) 1 (1-2) 0 (0-0)

mRS>2, n (%) 12 (6.5) 41 (12.6) 1 (0.7)

HADS – d, median (IQR) 3 (1-5) 3 (1-7) 2 (0-4)

HADS – a, median (IQR) 5 (2-7) 4 (2-7) 4 (2-6)

IADL<8, n (%) 17 (10.8) 41 (14.6) 1 (0.7)

Unemployment (excluding retirement), n (%) 33 (24.2) 100 (41.8) 35 (23.8)

Current use of antidepressants, n (%) 12 (7.6) 34 (12.1 ) 9 (6.1)

Incident vascular events

Incident stroke, n (%) 32 (17.2) 58 (17.8) NA

Incident myocardial infarction, n (%) 9 (4.8) 19 (5.8) 3 (2.0)

Vascular risk factors

Diabetes mellitus, n (%) 19 (10.3) 43 (13.3) 6 (4.1)

TIA

n=186

Ischaemic stroke

n=325

Controls

n=147

Hypercholesterolaemia, n (%) 116 (63.0) 199 (61.6) 27 (18.4)

Hypertension, n (%) 97 (52.4) 175 (54.2) 45 (30.6)

Body Mass Index, mean (SD) 26.3 (4.2) 26.2 (5.2) 26.8 (4.7)

Current smoking, n (%) 35 (22.0) 79 (28.2) 38 (25.9)

Current alcohol consumption (>2 U/d), n (%) 7 (4.5) 13 (4.7) 14 (9.5)

TIA: Transient Ischaemic Attack, IS: ischaemic stroke, NIHSS: National Institutes of Health Stroke Scale, mRS: 

modified Rankin Scale, HADS-d: Hospital Anxiety and Depression Scale, depressive symptoms, HADS-a: 

Hospital Anxiety and Depression Scale, anxiety, IADL: instrumental activities of daily living, NA: not appli-

cable. 

a.) Pearson chi-square, no significant differences between TIA or ischaemic stroke and controls; 

b.) Student’s t-test, no significant differences between TIA or ischaemic stroke and controls.

Missing data: 1.4% for depression before index event, 13.3% for employment status, 0.9% for diabetes mel-

litus, 0.9% for hypercholesterolaemia, 0.9% for hypertension, 2.0% for body mass index, 0.9% for smoking 

0.9%, and 2.7% for regular alcohol consumption.

Depressive symptoms
The overall prevalence of depressive symptoms in patients with a stroke at young age 

(TIA and ischaemic stroke together) was 16.8% versus 6.1% in controls. The risk of having 

depressive symptoms was higher in both TIA-patients (OR 2.8, 95%-CI 1.2-6.6, p=0.02) 

and ischaemic stroke patients (OR 4.7, 95%-CI 2.0-11.0, p=0.003) compared with con-

trols. Prevalence of depressive symptoms stratified by stroke subtype (TIA or ischaemic 

stroke) and sex is shown in Figure 2A. Prevalence of post-stroke depressive symptoms 

by tertiles of follow-up is shown in Figure 3A. 

Prevalence of depressive symptoms did not differ between different stroke locations. 

In the multiple regression model, ischaemic stroke patients with a lower educational 

level had higher risk of having depressive symptoms (OR 4.3, 95%-CI 2.0-9.0, p<0.001). 

Longer observation time was associated with a lower risk of having depressive symp-

toms (OR 0.9, 95%-CI 0.9-1.0 per year, p=0.03). Furthermore, unemployed patients had a 

higher risk of depressive symptoms (OR 3.8, 95%-CI 1.9-7.7, p<0.001). Current alcohol use 

was not associated with the presence of depressive symptoms. 

Table 1		 Continued
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Figure 2	 Prevalence of depressive symptoms and anxiety, stratified by stroke subtype  

				    and sex.

Figure shows prevalence of depressive symptoms and anxiety on average 10 years after the event, 

stratified by stroke subtype and sex. Legend: TIA: Transient ischaemic attack, IS: Ischaemic stroke.
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Figure 3	 Prevalence of depressive symptoms and anxiety, stratified by tertiles of  

				    observation time after stroke.

1st tertile: 0.2-4.1 years of observation time, 2nd tertile: 4.1-12.8 years of observation time, 3rd tertile: 12.8-31.0 

years of observation time. * p<0.05.
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Anxiety 
The overall prevalence of anxiety in patients with a stroke at young age (TIA and isch-

aemic stroke together) was 23.0% versus 12.2% in controls. The risk of having anxiety was 

higher in both TIA-patients (OR 3.0, 95%-CI 1.6-5.8, p=0.001) and ischaemic stroke pa-

tients (OR 2.9, 95%-CI 1.5-5.8, p=0.002) compared with controls. The prevalence of anx-

iety stratified by stroke subtype (TIA or ischaemic stroke) and sex is shown in Figure 2B. 

Prevalence of post-stroke anxiety by tertiles of follow-up is shown in Figure 3B. 

Prevalence of anxiety did not differ between different stroke locations.

In the multiple regression model, ischaemic stroke patients with a lower educational 

level (OR 3.3, 95%-CI 1.5-7.4, p=0.003) and a history of depression (OR 4.3, 95%-CI 2.1-8.8, 

p<0.001) had a higher risk of anxiety. Younger age was associated with a lower risk of 

anxiety (OR 1.0, 95%-CI 0.9-1.0, p=0.04). Furthermore, unemployment (OR 2.3, 95%-CI 

1.1-4.8, p=0.03) and current alcohol use (OR 4.1, 95%-CI 1.1-15.9, p=0.04) were associated 

with the presence of anxiety. 

Association between depressive symptoms or anxiety and 
functional outcome
Depressive symptoms were associated with a poor functional outcome, as assessed by 

both the mRS (OR 11.2, 95%-CI 4.2-29.9, p<0.001) and the IADL (OR 3.8, 95%-CI 1.7-8.9, 

p=0.002), with adjustment for age at follow-up, sex, education, NIHSS-score at admis-

sion, and observation time.

Anxiety was associated with a poor functional outcome, as assessed by both the mRS 

(OR 6.4, 95%-CI 2.5-16.7, p<0.001) and the IADL (OR 2.4, 95%-CI 1.0-5.6, p=0.04), with 

adjustment for age at follow-up, sex, education, NIHSS-score at admission, and obser-

vation time.

Discussion
We showed that patients with a TIA or ischaemic stroke at a young age have an up to 

approximately 5 times higher risk of depressive symptoms and anxiety than stroke-free 

controls. Even after on average a decade after the stroke, these symptoms were associ-

ated with poor functional outcome. 

Prognosis in patients with a stroke at young age is generally considered to be better 

than in elderly stroke patients with respect to mortality and cardiovascular risk.129 Our 

findings indicate that this is apparently not true for depressive symptoms, as the prev-

alence of depressive symptoms we found in our young study population, were in the 

range of numbers given in older stroke survivors (12-60%).11-14 Other studies in young 

patients with stroke found an even higher prevalence of depressive symptoms than we 

found, up to 28%.26, 27, 32 The difference is probably explained by the different methods 

used to assess depressive symptoms. 

The finding that the prevalence of depressive symptoms and anxiety was higher in 

patients than in stroke-free controls, might suggest that these symptoms are attribut-

able to the stroke at young age. However, we found that neither a more severe stroke 

nor recurrent strokes were associated with a higher risk of depressive symptoms and 

anxiety, as would be expected if stroke and depressive symptoms are directly associat-

ed. Some other studies found recurrent strokes to be associated with depression.184, 234 

An explanation for these opposite findings might be that it is not the degree of brain 

damage that gives a higher risk of depressive symptoms, but merely the location of 

the lesion and associated network destruction.235 However, we found no differences 

in prevalence of depressive symptoms or anxiety between different lesion locations. 

Therefore, other factors than lesions of brain structure or function may play a role in the 

presence of depressive symptoms and anxiety after a stroke at young age, for example 

psychosocial issues. 

We found an association between depressive symptoms or anxiety and a poor long-

term functional outcome. Our study described this association with long-term poor 

functional outcome in patients after a stroke at young age, not only defined as poor 

motor recovery (as 1 previous study has done26), but also as a poor outcome on the IADL. 

Because this questionnaire describes more complex tasks in daily living, it is more recog-

nisable to patients when they are informed on long-term consequences of their stroke. 

The relation between psychological symptoms and poor functional outcome may be 

reciprocal. Possibly, psychological symptoms lead to a more passive lifestyle, which re-

sults in more functional dependency in daily life activities. Or maladaptation to func-

tional post-stroke disabilities leads to depressive symptoms or anxiety. A lower edu-

cational level might exaggerate this reciprocal relation, due to less effective coping 

strategies.236 This is indeed suggested by our finding that a lower educational level was 

associated with more depressive symptoms and anxiety. The vulnerability of patients 

with a lower educational level for depressive symptoms and anxiety may be partly 

explained by other related factors, such as alcoholism and unemployment. Therefore, 

these factors may be important targets for treatment and guidance in rehabilitation 

programs, to annihilate their negative effects on mood. 

Strengths of our study include the large sample size and long observation time, with 

inclusion of both ischaemic stroke and TIA-patients. Furthermore, the single centre 
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design allowed us to collect information systematically, limiting information bias. In 

addition, since in the Netherlands all survivors of a stroke at young age usually visit a 

university medical centre during the course of their disease, our study population is a 

representative cohort for a Dutch population of patients with a stroke at young age. 

However, some methodological limitations need to be addressed. Selection bias might 

have occurred due to patients who refused to participate or were lost to follow-up. 

However, as participants and patients who refused to participate did not differ in base-

line clinical and demographic variables (index event, sex, age at index event, and stroke 

severity), we have no reason to assume that these patients differed from participants 

with respect to the prevalence of depressive symptoms and anxiety or their association 

with functional outcome. Patients who were lost to follow-up and deceased patients 

more often had an ischaemic stroke than a TIA. As depressive symptoms were most 

prevalent in ischaemic stroke patients, this might have resulted in an underestimation 

of our prevalence figures, but would not have altered our conclusions. 

Recall bias probably influenced the reported history of depression. Patients who had 

their index event in the first decade of the inclusion period reported a history of de-

pression less frequently than patients who had their index event in the second or third 

decade. However, it is unlikely that recall bias has influenced our primary outcome 

measure, as the HADS-questionnaire assesses depressive symptoms and anxiety in the 

past week.

Confounding is another bias to be considered. We tried to overcome this by adjusting 

for previously reported confounding factors in the analysis when appropriate.237 There 

may be some residual confounding, especially in the association between depressive 

symptoms or anxiety and functional outcome. In the group with the longest obser-

vation time, there is a risk that co morbidities or other complaints, such as incident 

vascular disease or pain, may have led to both the depressive symptoms or anxiety and 

to a poor functional outcome. Future larger studies should take these factors further 

into account.

In conclusion, the findings of our study indicate that even after more than 10 years 

after the stroke at young age, lives of the survivors are very much influenced by the 

psychological consequences of the stroke. These negative effects may be influenced 

by changing lifestyles and learning better coping strategies. Therefore, even in the 

long term, treating physicians should be aware of the long-term presence of these 

symptoms, as its recognition may be the first step in improving long-term functional 

independence. 
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Introduction
Post-stroke fatigue is a frequent symptom in the elderly stroke population (>60 

years).21-24 A previous study found that fatigue was associated with a poorer progno-

sis after 3 years of follow-up.25 In young patients with stroke (≤50 years), post-stroke 

fatigue and its negative effects on prognosis may be even more profound, since these 

patients are confronted with higher demands from their social environment, with a 

young family to take care of and responsibilities at work. In addition, if fatigue nega-

tively influences functional outcome, this effect may be long-lasting, as most of these 

patients still have a long life expectancy. Therefore, young patients with stroke form a 

distinct group and results from the older stroke population cannot just be extrapolated 

to these young patients. 

However, there are only few studies on post-stroke fatigue and its influence on dai-

ly functioning in this specific age group.33, 34, 149, 238 Those that have been performed, 

were limited with respect to sample size33, 149, 238 or follow-up duration.34 Furthermore, 

no studies addressed the occurrence of post-stroke fatigue in young patients with a 

transient ischaemic attack (TIA). Increasing evidence suggests that, after a TIA as well as 

after an ischaemic stroke, despite the first being a transient neurological condition by 

definition, patients suffer from persistent residual symptoms that may not be directly 

visible, for example depressive symptoms or anxiety.239 In patients with stroke, these 

symptoms were found to be associated with post-stroke fatigue.240 

Therefore, we investigated the long-term prevalence of post-stroke fatigue in patients 

with a TIA or ischaemic stroke aged 18 through 50 years, demographic and clinical risk 

factors that may be associated with fatigue, and the association between fatigue and 

functional outcome, including cognitive performance.

Methods

Patients and study design
This study is part of the ‘Follow-Up of Transient ischaemic attack and stroke patients 

and Unelucidated Risk factor Evaluation’ (FUTURE) study, a large cohort study that in-

vestigates causes and consequences of stroke in young adults. Details of the study 

have been described elsewhere.42, 110 The Medical Review Ethics Committee region Arn-

hem-Nijmegen approved the study.

In short, the study comprises all patients with a TIA, ischaemic stroke or intracerebral 

haemorrhage, aged 18-50 years, admitted to Radboud University Nijmegen Medical 

Abstract
Background and objective 
Post-stroke fatigue negatively influences short-term functional outcome in older 

stroke survivors. In young adults, in the midst of their active working and family life, 

this influence may even be more pronounced. However, there are only few studies 

on this topic in young patients with stroke. Therefore, we investigated the long-

term prevalence of post-stroke fatigue in patients with a young TIA or ischaemic 

stroke and its association with functional outcome. 

Methods 
This study is part of a large cohort study among 511 stroke survivors with a first-ev-

er TIA or ischaemic stroke, aged 18-50 years. After a mean follow-up of 9.8 (SD 

8.4) years, we assessed the presence of fatigue with the fatigue subscale of the 

Checklist Individual Strength questionnaire and functional outcome. Prevalence 

of fatigue between young patients with stroke and 147 stroke-free sex-matched 

and age-matched controls was compared. Odds ratios (OR’s) for poor functional 

outcome on modified Rankin Score (mRS>2) and Instrumental Activities of Daily 

Living (IADL<8) and cognitive performance were calculated using logistic regres-

sion analysis. 

Results
Of the young patients with stoke, 41.0% experienced symptoms of fatigue, versus 

18.4% in controls (p=0.0005). Fatigue was associated with a poor functional out-

come, as assessed by the mRS (OR 4.0, 95%-CI 1.6-9.6), IADL (OR 2.2, 95%-CI 1.1-4.6), 

and impairment in speed of information processing (OR 2.2, 95%-CI 1.3-3.9). 

Conclusion 
Fatigue was very common in young stroke survivors and was associated with a 

poor functional outcome, even after almost a decade of follow-up.
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Functional outcome
Functional outcome was assessed with the modified Rankin Scale (mRS) and the Instru-

mental Activities of Daily Living-scale (IADL).192 The mRS predominantly measures out-

come based on motor function. The IADL complements this with the assessment of more 

complex tasks necessary for independent living in a community. In the patients who did 

not visit our research centre, IADL was not assessed. Information on mRS was missing in 2 

patients (0.4%) and on IADL in 5 patients who visited our research centre (1.1%).

Cognitive performance
Neuropsychological tests covered the main cognitive domains and these tests have 

been previously applied in large-scale epidemiological studies in cerebrovascular 

disease.174, 175 

The following cognitive domains were examined: Processing speed (the written admin-

istration of the Symbol-Digit Modalities Test, Abbreviated Stroop Color Word Test, parts 

I and II), Visuoconstruction (Rey-Osterrieth Complex Figure (ROCF) - Copy trial), Working 

memory (Paper and Pencil Memory Scanning Task (PPMST)), Immediate memory (ROCF 

- Immediate recall and the total number of words immediately recalled in the 3-trial 

version of the Rey Auditory Verbal Learning Test (RAVLT)), Delayed memory (delayed 

recall on the ROCF and the RAVLT), Attention (Verbal Series Attention Task (VSAT)), and 

Executive functioning (Verbal Fluency and Stroop Interference). To account for speed-ac-

curacy trade-off on the Stroop test, PPMST, and VSAT, composite scores were calculat-

ed (accuracy(%)/reaction time).207 Stroop Interference was computed by dividing the 

composite Stroop part III score by the mean of the composite scores of parts I and II.139 

Per cognitive domain, the prevalence of cognitive impairment (>1.5 SD below the mean 

domain score of controls) was assessed. If 1 test of a particular domain was missing, the 

domain score was occasionally based on the remaining tests of that domain.139

Detailed information on the neuropsychological examination is described extensively 

elsewhere.42, 139

In the patients who did not visit our research centre, cognitive performance was not 

assessed. Data on cognitive impairment was missing in 1.4% to 7.7% in patients who 

visited our research centre, depending on the domain tested.

Other measurements at follow-up
Educational level, depressive symptoms and, anxiety were assessed at follow-up. Level 

of education was scored with a widely-used Dutch scoring system (1 = less than prima-

ry school; 7 = university degree).229 The Hospital Anxiety and Depression scale (HADS) 

Centre in the Netherlands between January 1, 1980 and November 1, 2010. For the 

present study, only first-ever TIA and patients with ischaemic stroke were assessed. 

Patients were identified through a prospective registry with a standardised collection 

of baseline and clinical characteristics (including demographics and stroke subtypes). 

TIA was defined as a rapidly evolving focal neurological deficit, with no other than a 

vascular cause lasting less than 24 hours. Stroke was defined similarly, but with symp-

toms lasting more than 24 hours. All patients underwent neurological examination 

and brain imaging at the time of their index event. Radiological findings were used to 

differentiate between ischaemic and haemorrhagic stroke. The assessment of stroke 

severity (National Institutes of Health Stroke Scale (NIHSS)213) was performed for all cases 

retrospectively by a validated approach.165, 214 Lesion location was based on review of 

presenting clinical signs and symptoms and radiological findings.

Patients with cerebral sinus thrombosis were excluded. 

Control participants were recruited from the same environment as the patients, among 

the patients’ spouses, relatives, or social environment (n=147). The patient group and 

control group were matched for age and sex. Controls had to be at least 18 years old, 

without a history of TIA or stroke and were all living independently.

Written informed consent was obtained from all participants and controls.

Follow-up	
All patients alive were invited to visit our research centre for a follow-up examination 

between November 1, 2009 and January 1, 2012. If patients consented to participate, 

but were not able to visit our research centre, data were collected by means of a stan-

dardised, structured questionnaire, which was filled out at home. 

Fatigue 
Our primary outcome measure was the prevalence of fatigue in young patients with 

stroke. The presence of fatigue was assessed with the fatigue subscale of the Checklist 

Individual Strength questionnaire (CIS).193, 241 This screening instrument is well validated 

in patients with stroke and has been used in a previous stroke cohort.24 The fatigue 

subscale contains 8 items on the level of fatigue perceived over the past 2 weeks. All 

items are scored on a range from 1 to 7, with higher scores representing more fatigue. 

The total score ranges from 8 to 56, a score above 35 is considered indicative of severe 

fatigue.193, 241 Data on the presence of fatigue were missing in 13 participants (1.9%).
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logistic regression analysis, using either mRS>2, IADL<8, or cognitive impairment on 

the 7 cognitive domains (>1.5 SD below the mean domain score of controls) as the 

dependent variable indicating poor functional outcome. For the 7 cognitive domains, 

a Bonferroni correction was used to define results as statistically significant (p 0.05/7 

cognitive domains= 0.007). Sex, age at follow-up, NIHSS-score at admission, presence of 

depressive symptoms and anxiety, duration of follow-up, and recurrent cerebrovascular 

events were considered possible confounders and adjusted for in these analyses.

Cases were excluded from the analysis when 1 or more of the used variables contained 

missing data. This was only the case in 0.4-3.5%, depending on the variable. 

All statistical analyses were performed with SPSS 20.0 software for Windows.

Results

Study population
511 Patients were included in the present study of whom 186 had a TIA and 325 had 

an ischaemic stroke (Figure 1). Their baseline characteristics are presented in Table 1.

Figure 1	 Flowchart of study population.

  
  

n = 868

Lost to follow‐up
n = 73

Deceased
n = 145

Refused to participate
n = 139

Follow‐up survivors,
visited our clinic

n = 443

Follow‐up survivors
n = 723

Follow‐up survivors,  
questionnaire  only

n = 68

Baseline �rst-ever ischaemic
stroke or TIA

was used for assessing depressive symptoms and anxiety.230, 233

Information on recurrent cerebrovascular events (TIA’s, and both ischaemic and haemor-

rhagic strokes, defined as any stroke between the qualifying event and time of follow-up), 

myocardial infarction, and (cardio)vascular risk factors was collected, using a structured 

questionnaire. Whenever a recurrent event was suspected, information retrieved was ver-

ified and adjudicated by physicians from the appropriate specialty.

Diabetes mellitus, hypercholesterolaemia, and hypertension were considered present 

when diagnosed by a physician or when participants were taking medication for these 

conditions. Furthermore, body mass index (BMI) (weight/(length2)), current smoking, and 

regular alcohol consumption defined as >2 U/day was assessed. In the patients who did 

not visit our research centre, BMI, smoking, and alcohol consumption were not assessed.

Statistical analysis
Baseline characteristics were compared between participants, non-participants (pa-

tients that refused and patients lost to follow-up), and deceased patients using a Stu-

dent’s t-test, Mann-Whitney U test or chi-square-test when appropriate. Sex and age 

were compared between patients and controls, using a chi-square-test and a Student’s 

t-test, respectively. 

The prevalence of fatigue was defined as the proportion of participants in whom these 

symptoms were present (CIS-fatigue subscale >35). Logistic regression was used to cal-

culate the risk of fatigue in a patient with TIA or ischaemic stroke compared with con-

trols, adjusted for age, sex, NIHSS-score at admission, and the presence of depressive 

symptoms and anxiety. 

Since the present study features a long inclusion period (1980-2010), the prevalence of 

fatigue was also calculated as a function of follow-up duration (in tertiles; n= 62 per 

tertile in patients with TIA and n=108/109 per tertile in patients with ischaemic stroke) 

and compared with a chi-square test. A similar analysis was performed for the different 

lesion locations (left hemispheral, right hemispheral, bilateral or infratentorial).

We calculated whether clinical and demographic factors were associated with the 

presence of fatigue with multiple logistic regression, using the presence of fatigue as 

the dependent variable and including sex, current age, NIHSS at admission, education, 

follow-up duration, depressive symptoms and anxiety (per point on the HADS), and 

recurrent cerebrovascular events as independent variables. BMI and alcohol consump-

tion were additionally evaluated for their association with fatigue. 

Subsequently, the association between the presence of fatigue and a poor functional 

outcome was calculated for TIA and patients with ischaemic stroke combined, with a 
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TIA
n=186

Ischaemic stroke
n=325

Controls
n=147

         Executive functioning 26 (16.3%) 66 (24.4%) 11 (7.5%)

Incident vascular events

        Incident stroke 32 (17.2%) 58 (17.8%) NA

        Incident myocardial  infarction 9 (4.8%) 19 (5.8%) 3 (2.0%)

Vascular risk factors

        Diabetes mellitus 19 (10.3%) 43 (13.3%) 6 (4.1%)

        Hypercholesterolaemia 116 (63.0%) 199 (61.6%) 27 (18.4%)

        Hypertension 97 (52.4%) 175 (54.2%) 45 (30.6%)

        Body Mass Indexd 26.3 (4.2) 26.9 (5.2) 26.8 (4.7)

        Current smokingd 35 (22.0%) 78 (28.2%) 38 (25.9%)

        Current regular alcohol consumptiond 7 (4.5%) 13 (4.7%) 14 (9.5%)

Data are mean (SD), number (%), or median (Q1-Q3). TIA: Transient Ischaemic Attack, NIHSS: National Insti-

tutes of Health Stroke Scale, MMSE: Mini Mental State Examination, HADS: Hospital Anxiety and Depression 

Scale, CIS: Checklist Individual Strength, IADL: Instrumental activities of daily living, NA: not applicable. 

a.) Pearson chi-square, no significant differences between TIA or ischaemic stroke and controls; b.) un-

certainty based on clinical grounds and (lack of) radiological findings; c.) Student’s t-test, no significant 

differences between TIA or ischaemic stroke and controls; d.) The following variables were only obtained 

at follow-up visit and not in the follow-up questionnaire group (n=68): MMSE, IADL, cognitive perfor-

mance, body mass index, smoking, and regular alcohol consumption. Proportions and means are of the 

follow-up visit participants only. 

Patients who refused to participate did not differ from participants with respect to in-

dex event, sex, age at index event, and NIHSS-score at admission. The proportion of 

patients with an ischaemic stroke was larger among deceased patients and among 

patients who were lost to follow-up compared with participants. These 2 groups had 

higher NIHSS-scores at admission than participants (deceased: median 5 (IQR 2-12), 

p<0.001, lost to follow-up: median 4 (IQR 1-11.5), p<0.001, participants: median 2 (IQR 

0-6)). Deceased patients more often were men (55.8% versus 44.9%, p=0.01). Deceased 

patients and patients who were lost to follow-up differed in age from participants at 

the time of the index event (deceased: mean 42.5 (SD 6.7) years, p=0.002, lost to fol-

low-up: mean 38.2 (SD 8.6) years, p=0.04, and participants: mean 40.2 (SD 7.8) years).

Table 1		 ContinuedTable 1		 Description of demographic and clinical variables in young patients with  

				    stroke and controls.

TIA
n=186

Ischaemic stroke
n=325

Controls
n=147

Baseline 

Age at index event (years) 40.5 (8.1) 40.1 (7.8) NA

Sexa  (proportion men) 83 (44.6%) 143 (44.0%) 63 (42.9%)

NIHSS score at admission 0 (0-1) 4 (2-9) NA

Localisation of index event       NA

          Supratentorial left 81 (43.5%) 141 (43.4%)

          Supratentorial right    56 (30.1%) 116 (35.7%)

          Infratentorial 28 (15.1%) 60 (18.5%)

          Bilateral 1 (0.5%) 7 (2.2%)

          Could not be establishedb 20 (10.8%) 1 (0.3%)

Follow-up

Follow-up duration (years)

         Mean (SD) 8.3 (8.1) 10.6 (8.4) NA

         Follow-up > 15 years 44 (23.7%) 105 (32.3%) NA

         Follow-up > 20 years 29 (15.6%) 56 (17.2%) NA

Age at follow-up examination (years)c 48.9 (11.3) 50.7 (10.4) 48.7 (11.7)

Education 5 (5-6) 5 (4-6) 5 (5-6)

MMSEd  26.7 (2.3) 26.3 (2.6) 27.2 (2.0)

CIS - fatigue 30.0 (13.4) 30.7 (14.2) 22.5 (12.7)

Modified Rankin Scale 0 (0-1) 1 (1-2) 0 (0-0)

Modified Rankin Scale >2 12 (6.5%) 41 (12.6%) 1 (0.7%)

IADL-questionnaired 8 (8-8) 8 (8-8) 8 (8-8)

IADL <8d 17 (10.8%) 41 (14.6%) 1 (0.7%)

Cognitive impairmentd

         Speed of information processing 30(19.1%) 91 (33.8%) 9 (6.2%)

         Visuoconstruction 21 (13.6%) 54 (20.1%) 11 (7.5%)

         Working memory 16 (10.0%) 83 (30.0%) 13 (8.9%)

         Immediate memory 33 (20.6%) 66 (23.8%) 10(6.8%)

         Delayed memory 35 (22.2%) 59 (21.9%) 8 (5.5%)

         Attention 24 (15.9%) 60 (23.3%) 9 (6.2%)
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Figure 3	 Prevalence of fatigue, stratified by follow-up.

TIA: transient ischaemic attack, IS: ischaemic stroke. 

TIA: 1st tertile: 0.3-3.1 years, 2nd tertile 3.3-7.8 years, 3rd tertile 7.9-30.4 years. (n per tertile = 62). 

IS: 1st tertile: 0.2-5.0 years, 2nd tertile 5.0-14.6 years, 3rd tertile 14.9-31.0 years. (n per tertile =108-109-108).

No significant differences between tertiles of follow-up existed after adjustment for age, sex, NIHSS at 

admission, and presence of depression and anxiety.

Risk factors associated with fatigue
In patients with an ischaemic stroke, the number of depressive symptoms (OR 1.4, 95%-

CI 1.3-1.6, per each point increase on the HADS-d), the number of symptoms of anxiety 

(OR 1.1, 95%-CI 1.0-1.2, per each point increase on the HADS-a), and recurrent cerebro-

vascular events (OR 2.4, 95%-CI 1.2-5.0) were associated with the presence of fatigue 

(Table 2)

In patients with a TIA, the number of depressive symptoms (OR 1.8, 95%-CI 1.4-2.2, per 

each point increase on the HADS-d), the number of symptoms of anxiety (OR 1.2, 95%-

CI 1.0-1.4, per each point increase on the HADS-a), and female sex (OR 2.9, 95%-CI 1.1-7.6) 

were associated with the presence of fatigue (Table 2). 
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Prevalence of fatigue
The overall prevalence of fatigue was 41.0% in young patients with stroke (after a mean 

follow-up of 9.8 (SD 8.4) years versus 18.4% in controls (p=0.0005). Figure 2 shows the 

prevalence of fatigue, stratified by stroke subtype.

The risk of fatigue was significantly higher in patients with TIA (OR 2.9, 95%-CI 1.6-5.1) 

and in patients with ischaemic stroke (OR 2.2, 95%-CI 1.2-4.0) than in controls.

The prevalence of fatigue was not influenced by the duration of follow-up (Figure 3). 

The prevalence of fatigue did not differ between different stroke localisations. 

Figure 2	 Prevalence of fatigue.

TIA: Transient Ischaemic Attack, IS: ischaemic stroke, CIS: Checklist Individual Strength.

* p=0.0003, ** p=0.01, adjusted for age at follow-up, sex, NIHSS at admission, presence of depression and 

anxiety.
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 ←  severity (National Institutes of Health Stroke Scale), duration of follow-up, presence of depressive 

symptoms and anxiety, and recurrent cerebrovascular events. 

Association between fatigue and functional outcome
In patients with a TIA and ischaemic stroke, fatigue was associated with a poor func-

tional outcome, as assessed by the mRS (OR 4.0, 95%-CI 1.6-9.6) and the IADL (OR 2.2, 

95%-CI 1.1-4.6). Odds ratios are presented after adding the variable ‘recurrent cerebro-

vascular events’ to the model, and adjustment for NIHSS at admission, duration of fol-

low-up, the presence of depressive symptoms and anxiety.

Table 3 displays the associations between fatigue and cognitive impairment.

Discussion
We found that fatigue was a very common symptom in young patients with stroke. 

Even after almost a decade of follow-up, fatigue was associated with a poor functional 

outcome. 

Strengths of our study include the large sample size and long follow-up, with inclusion 

of patients with both ischaemic stroke and TIA and the comparison with a stroke-free 

control group. Furthermore, the single centre design allowed us to collect information 

systematically, limiting information bias. Being a tertiary referral centre, our cohort is a 

representative sample of a Dutch young stroke population, since those young patients 

with stroke who survive usually visit a university medical centre during the course of 

their disease.

However, some limitations need to be addressed. Selection bias might have occurred 

due to patients who refused to participate, patients lost to follow-up, and patients who 

were deceased. It might be that higher levels of fatigue were an important reason for 

patients to refuse to participate. This would result in an underestimation of the preva-

lence of fatigue in our cohort. However, including these patients would then only have 

magnified the differences we found between patients and controls, and not alter our 

conclusions. 

Patients who were lost to follow-up and deceased patients more often had an isch-

aemic stroke than a TIA and higher NIHSS-scores. These variables were however not 

associated with a higher prevalence of fatigue. Furthermore, we have no reason to as-

sume that the nature of the relation between fatigue and functional outcome differs 

in participants from that in any of the 3 groups of non-participants (eg., refusers, lost to 

follow-up, and deceased).

Table 2		 Risk factors for the presence of fatigue.

Risk factor

TIA Ischaemic stroke

OR (95%CI) p-value OR (95%CI) p-value

Female sex 2.9 (1.1-7.6) 0.03 1.3 (0.7-2.2) 0.45

Age, per year 1.0 (0.9-1.0) 0.47 1.0 (1.0-1.0) 0.10

Lower educational level 1.0 (0.3-3.4) 0.96 1.1 (0.5-2.5) 0.78

NIHSS at admission, per point 1.1 (0.9-1.3) 0.36 1.0 (1.0-1.1) 0.59

Follow-up duration, per year 1.0 (0.9-1.0) 0.37 1.0 (0.9-1.0) 0.45

Depressive symptomsa 1.8 (1.4-2.2) 0.00001 1.4 (1.3-1.6) <0.000001

Anxietyb 1.2 (1.0-1.4) 0.03 1.1 (1.0-1.2) 0.02

Recurrent cerebro-vascular eventsc 2.3 (0.8-7.1) 0.13 2.4 (1.2-5.0) 0.02

Multiple logistic regression analysis with factors associated with fatigue. All variables were entered simul-

taneously into the model. Body Mass Index and alcohol consumption did not significantly alter the model 

and were removed from the model. Legend: NIHSS: National Institutes of Health Stroke Scale.  a.) per 

point on Hospital Anxiety and Depression Scale, items on depressive symptoms; b.) per point on Hospital 

Anxiety and Depression Scale, items on anxiety; c.) TIA’s, ischaemic and haemorrhagic strokes combined.

Table 3		 Association between fatigue and cognitive impairment.

Cognitive domain

Association between impairment and fatigue

OR (95%-CI) p-value

Speed of information processing 2.2 (1.3-3.9) 0.006

Visuoconstruction 1.5 (0.8-2.8) 0.18

Working memory 2.3 (1.3-4.3) 0.007

Immediate memory 1.5 (0.8-2.9) 0.17

Delayed memory 0.7 (0.4-1.3) 0.25

Attention 1.6 (0.9-2.9) 0.12

Executive functioning 1.0 (0.6-1.9) 0.94

Multiple logistic regression analysis, showing associations between fatigue and cognitive impairment on 

7 cognitive domains. With Bonferroni correction, p<0.007 was considered statistically significant. Odds 

Ratios (OR) with 95%-Confidence Intervals (95%-CI) and p-values were adjusted for age, sex, stroke →
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ences in prevalence during different tertiles of follow-up.

Our findings that stroke subtype (TIA or ischaemic stroke), lesion localisation and recur-

rent cerebrovascular events were not unequivocally related to the presence of fatigue, 

suggest that other factors may play an important role, for example psychosocial factors. 

In our study, depressive symptoms and anxiety were associated with the presence of 

fatigue. These symptoms often co-occur.243 A study in patients with a mean age of 68 

years found that fatigue was associated with poor physical health 1.5 years after a stroke, 

independent of depressive symptoms.244 However, younger patients might have to cope 

with higher demands than older stroke survivors, due to active work participation and 

a young family. Therefore, results from studies in older stroke survivors cannot neces-

sarily be extrapolated to young patients with stroke. Our study shows that fatigue was 

related physical health in young stroke survivors, measured with a motor performance 

scale (mRS), independently from depressive symptoms or anxiety. Moreover, we found 

that fatigue was also associated with impairment of speed of information processing and 

showed a trend towards a significant association with impaired working memory. One 

previous study in older patients with stroke found no longitudinal relationship between 

fatigue and mental health.244 This differs from the findings from our study, but this is prob-

ably explained by the fact that we assessed each cognitive domain separately, instead of 

1 global score for cognitive performance. Although we found that fatigue was associated 

or showed a trend towards an association with only 2 cognitive domains (speed of infor-

mation processing and working memory), impairment in these domains may very much 

interfere with regaining pre-stroke activities, for example returning to work.245 

One other study also found a relation between fatigue and poor functional physical 

outcome in young patients with ischaemic stroke.33 Since our study shows that this 

association also holds true for cognitive impairment, our study underlines the fact that 

the less visible (psychological) post-stroke consequences are at least as important to 

address in rehabilitation programmes as are the more visible motor symptoms.

Our findings can be used to properly inform young stroke survivors and caregivers, 

which may be a first step in optimising rehabilitation programmes.246 Although dif-

ferent kinds of treatments for post-stroke fatigue are in development for the general 

stroke population,247, 248 no treatments have been proven unequivocally successful in 

clinical trials in these patients,249-251 let alone in specific young stroke cohorts. 

In conclusion, even after almost a decade of follow-up after a stroke at young age, 

fatigue was present in approximately 40% of patients. This fatigue was associated with 

a poor functional outcome. Therefore, reducing fatigue can be an important tool in 

increasing functional independence in young stroke survivors.

Confounding is another bias to be considered. The most important confounders in 

the relation between fatigue and functional outcome are the presence of depressive 

symptoms and anxiety. We tried to overcome this bias by making adjustments for the 

presence of depressive symptoms and anxiety in our analyses. 

Statistical power was limited in patients with TIA, so we had to include the variables 

‘depressive symptoms’ and ‘anxiety’ as continuous scores on the HADS in the model 

investigating their association with fatigue. They were found to be independently relat-

ed to fatigue, with modestly elevated odds ratios per point on the HADS-score. If there 

were more patients in the TIA-group, and we could have included depressive symp-

toms and anxiety as dichotomous variables, we expect that this would have resulted 

in larger odds ratios, showing even more clearly that these symptoms are interrelated. 

Therefore, this probably would not have altered conclusions. 

One previous study in young patients with stroke reported a prevalence of fatigue of 

51.3% versus 31.6% in controls.33 These figures were higher than we found (41.0% versus 

18.4%). This difference may be explained by the different methods that were used to as-

sess fatigue. It might be that the threshold of detecting fatigue with our questionnaire 

is higher, but we are not aware of studies that directly compare the 2 different methods 

that assess fatigue (Fatigue Severity Scale (FSS) and CIS). 

A surprising finding of our study was that fatigue was equally common in young patients 

with TIA as in young patients with ischaemic stroke. This may suggest that the size of the 

structural lesion caused by the initial TIA or stroke does not play a role in the presence 

of fatigue after long-term follow-up. In addition, we did not find any difference in preva-

lence of fatigue in different lesion localisations. Our findings are in contrast with previous 

short-term follow-up studies. One study found that fatigue was more common after a 

minor stroke than after a TIA.242 Other short-term follow-up studies found that the lesion 

localisation, namely infratentorial or in the basal ganglia, was associated with the pres-

ence of fatigue.24, 150 Our findings indicate that on the long term, initial stroke characteris-

tics (eg., volume of brain damage or lesion localisation) are not an important determinant 

of the presence of fatigue, in contrast to previous studies that found stroke characteristics 

to be associated with fatigue shortly after the stroke. 

Whereas the initial stroke may not have a large role in long-term post-stroke fatigue 

anymore, accumulating structural brain damage over the years may have. This is in-

deed suggested by our finding that recurrent cerebrovascular events were associat-

ed with the presence of fatigue (in patients with an ischaemic stroke). However, one 

would then also expect that the prevalence of fatigue would rise with longer follow-up, 

during which recurrent cerebrovascular events occur. We did however not find differ-
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Introduction
Approximately 10% to 14% of all strokes occur in patients under 50 years of age,5 of 

which 20% are intracerebral haemorrhages (ICH).252 The survival of ICH patients has in-

creased due to improved intensive and neurological care.40 Furthermore, once a patient 

survives the first 30 days, long-term mortality is comparable to the general population 

in patients aged 18-40 years,253 resulting in an increasing number of very long-term sur-

vivors after an ICH in young adults. Therefore, the need for information on long-term 

sequelae of this condition arises. Moreover, young adults are in a demanding phase of 

life, because of their role as a caregiver for a young family or the presence of occupa-

tional responsibilities. This stresses the need for reliable information on possible factors 

that might interfere with post-ICH activities of daily life.

To date, only limited data exist on long-term consequences of ICH in young adults <50 

years,16, 108, 254 especially with respect to less visible symptoms, such as mood disorders, 

fatigue or cognitive impairment.255 Data cannot be extrapolated from findings in el-

derly patients,18, 256-258 since patients are much younger and for example have better re-

covery than elderly. On the other hand, young adults may experience more difficulties 

as they are more likely to encounter demanding situations in their daily life. Findings 

from studies in ischaemic stroke patients may neither necessarily be generalisable to 

patients with an ICH. Although often lumped under the term ‘stroke’, these are 2 com-

pletely different diseases, each with different causes and recovery.23, 259, 260

Therefore, we aimed to investigate the long-term prevalence of neuropsychological 

consequences in a population of ICH-survivors, aged 18 through 50 years, including 

depressive symptoms, anxiety, fatigue, subjective cognitive failures, and objective cog-

nitive impairment, compared with an age-, sex-, and education-matched, stroke-free 

control group.

Methods

Patients and study design
This study is a part of the ‘Follow-Up of Transient ischaemic attack and stroke patients 

and Unelucidated Risk factor Evaluation’ (FUTURE) study, a prospective cohort study 

designed to investigate the aetiologies and consequences of a young stroke. Details of 

the study have been described elsewhere.42, 110 In short, the FUTURE study comprised all 

consecutive patients aged 18 through 50 years with a transient ischaemic attack (TIA) 

or stroke admitted to the Radboud University Medical Centre Nijmegen from January 

Abstract
Background and objective 
The survival of patients with an intracerebral haemorrhage (ICH) has increased due 

to improved intensive and neurological care. Data on the long-term cognitive and 

behavioural prognosis of these patients is scarce, especially in young patients (<50 

years). Therefore, the aim of this study was to investigate this long-term prognosis. 

Methods 
All patients, aged 18-50 years, admitted to our hospital between January 1, 1980 

and November 1, 2010 who survived an ICH (n=45, mean age: 35.3 (SD 8.5) years), 

were recruited. We assessed depressive symptoms and anxiety with the Hospital 

Anxiety and Depression-scale. Fatigue was assessed with the Checklist Individual 

Strength questionnaire and subjective cognitive failures with the Cognitive Fail-

ures Questionnaire. Cognitive performance was examined, using an extensive 

neuropsychological examination. Prevalence of these symptoms was compared 

with 45 sex-, age-, and education-matched controls.

Results
After a mean follow-up of 9.8 (SD 8.0) years, fatigue showed a trend towards a 

significantly higher prevalence in patients compared with controls (40.5% ver-

sus 22.2%, p=0.07). Subjective cognitive failures were more prevalent in patients 

than in controls (93.9% versus 73.0%, p=0.02). Higher frequencies of cognitive im-

pairment on the domains ‘speed of information processing’ (33.3% versus 5.4%, 

p=0.003), ’working memory’ (29.4% versus 10.8%, p=0.049), ‘immediate memory’ 

(26.5% versus 8.1%, p=0.04), and ‘delayed memory’ (20.6% versus 2.7%, p=0.02) 

were observed. We found no difference in prevalence of depressive symptoms 

and anxiety between patients and controls.

 

Conclusion
Even after almost 10 years of follow-up, neuropsychological problems are preva-

lent after ICH in young adults. Patients should be informed on these possible long-

term consequences of an ICH.
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symptoms or anxiety,230, 233 and is well validated in stroke patients233 as well as in large 

population-based studies.184 Data on the HADS were missing in 6.7% of the patients.

Fatigue
The presence of fatigue in the past 2 weeks was assessed with the fatigue subscale of 

the Checklist Individual Strength questionnaire (CIS).193, 241 The fatigue subscale contains 

8 items on the level of perceived fatigue, with a scoring range from 1 to 7, with higher 

scores representing more fatigue. The total score ranges from 8 to 56, a score above 

35 is considered indicative for severe fatigue.193, 241 This screening instrument is well val-

idated in stroke patients and has been used in a previous stroke cohort.24 Data on the 

presence of fatigue were missing in 6.7% of the patients.

Subjective cognitive failures
The presence of subjective cognitive failures in the past month was assessed, using a 

semi-structured interview based on the Cognitive Failures Questionnaire (CFQ).183 This 

questionnaire contains 5 items with a scoring range from 0 to 3 (none-mild-moder-

ate-severe) and 10 items with a scoring of 0 or 1 (item absent or present). Subjective 

cognitive failures were considered present when a participant scored a ‘2 (moderate)’ 

or higher on at least 1 item with a scale of 0 to 3 or scored a ‘1 (present)’ on at least 1 

item with dichotomous answers. This version was also used in other large scale epide-

miologic research.227, 228 Subjective cognitive failures were assessed in the patients who 

visited our research centre for an in-person neuropsychological investigation, n=37. 

Data were missing in 10.8 % of these patients.

Cognitive performance
Neuropsychological examination covered the main cognitive domains and these tests 

have been previously applied in large-scale epidemiological studies in patients with 

cerebrovascular disease.174, 175 The following cognitive domains were examined: Process-

ing speed (Symbol-Digit Substitution Task, Abbreviated Stroop Color Word Test, parts I 

and II), Visuoconstruction (Rey-Osterrieth Complex Figure (ROCF) - Copy trial), Working 

memory (Paper and Pencil Memory Scanning Task (PPMST)), Immediate memory (ROCF -  

Immediate recall and the total number of words immediately recalled in the 3-trial 

version of the Rey Auditory Verbal Learning Test (RAVLT)), Delayed memory (delayed 

recall on the ROCF and the RAVLT), Attention (Verbal Series Attention Task (VSAT)), and 

Executive functioning (Verbal Fluency and Stroop Interference). To account for speed-ac-

curacy trade-off on the Stroop test, PPMST, and VSAT, composite scores were calculat-

1, 1980 until November 1, 2010. For the present study, only patients with an ICH were 

included. Patients were identified through a prospective registry that has been main-

tained at the Department of Neurology of the Radboud University Nijmegen Medical 

Centre, since the late 1970’s with a standardised collection of baseline and clinical char-

acteristics (including demographics and stroke subtype).42 

Stroke was defined as a focal neurological deficit persisting for more than 24 hours.261, 

262 Stroke was subdivided into ischaemic or haemorrhagic based on radiological 

findings. To minimise bias resulting from changing diagnostic techniques, the World 

Health Organization definition for stroke was used.261, 262 ICH location was determined 

by neuroimaging reports and medical history. Assessment of stroke severity (National 

Institutes of Health Stroke Scale (NIHSS)213) was performed retrospectively in all cases 

using a validated approach as previously described,165, 214 because this scale did not exist 

when a substantial number of our patients experienced their index event. 

Exclusion criteria were traumatic haemorrhagic stroke, haemorrhage in known cerebral 

metastasis or primary brain tumor, subarachnoid haemorrhage or ICH attributable to 

known ruptured aneurysm. 

Control participants were recruited from the same environment as the patients, among 

the patients’ spouses, relatives, or social environment. Each patient was matched with 1 

control participant for age, sex, and education. Controls had to be at least 18 years old, 

without a history of TIA or stroke. They were all living independently.

The Medical Review Ethics Committee region Arnhem-Nijmegen approved the study.

Written informed consent was obtained from all participants and controls.

Follow-up assessment
All patients alive were invited for a follow-up assessment between November 1, 2009 

and January 1, 2012. If patients consented to participate, but were not able to visit our 

research centre, a standardised, structured questionnaire was sent out by mail to these 

participants, including the questionnaires on depressive symptoms, anxiety, and fa-

tigue. The presence of subjective cognitive failures and cognitive impairment was not 

assessed in these patients.

Depressive symptoms and anxiety
Depressive symptoms and anxiety in the past week were assessed with the Hospital Anx-

iety and Depression Scale (HADS). Depressive symptoms were considered present with a 

score higher than 7 on either the depression or the anxiety items of this questionnaire.230 

The cut-off value we used is considered to be indicative of the presence of depressive 
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Figure 1	 Flowchart of study population.

Table 1		 Description of demographics and clinical variables in ICH-patients.

ICH
n=45

Baseline

Men, n (%)a 26 (57.8)

Age at index-event, years (SD) 35.3 (8.5)

NIHSS score at admission, median (IQR) 11 (3-15.5)

Location

Supratentorial, n (% of total) 36 (80.0)

Hemisphere, n (% of all supratentorial locations)

Left 13 (36.1)

Right 20 (55.6)

Bilateral 3 (8.3)

Localisation, n (% of all supratentorial locations)

Deep 8 (22.2)

Lobar 15 (41.7)

Ventricular 3 (8.3)

Intraventricular extension 10 (27.8)

Baseline intracerebral 
haemorrhage

n = 98

Lost to follow‐up
n = 9

Deceased
n = 28

Refused to participate
n = 16

Follow‐up survivors,
visited our clinic

n = 37

Follow‐up survivors,  
questionnaire only

n = 8

ed (accuracy(%)/reaction time).207 Stroop Interference was computed by dividing the 

composite Stroop part III score by the mean of the composite scores of parts I and II. 

Cognitive performance was assessed in the patients who visited our research centre 

for an in-person neuropsychological investigation, n=37. Data on cognitive impairment 

were missing in 8.1-10.8% of these patients, depending on the domain tested. If 1 test 

of a particular domain was missing, the domain score was occasionally based on the 

remaining tests of that domain. Detailed information on the neuropsychological exam-

ination is described extensively elsewhere.42, 139 

Statistical analysis
The prevalence of depressive symptoms, anxiety, fatigue, and subjective cognitive fail-

ures was compared with controls, using a chi-square test. 

Cognitive impairment for each cognitive domain was defined as >1.5 SD below the 

mean of the control group. Next, the prevalence of cognitive impairments for each 

cognitive domain between patients and controls was compared by means of a chi-

square test. Subsequently, we tested the ‘forgetting rate’ after 30 minutes by subtract-

ing delayed recall on the RAVLT from the third trial of the RAVLT.

A sensitivity analysis was performed to account for the relatively large percentage of 

missing data in the 7 cognitive domains, using the automatic multiple imputation 

methods in SPSS. 

Two-sided p-values of less than 0.05 were considered to indicate statistical significance. 

All statistical analyses were performed with SPSS 20.0 software for Windows.

Results

Study population and demographics
45 patients with an ICH and 45 healthy controls were included in this study (Figure 1). 

Demographics and clinical variables of patients are presented in Table 1. Controls did 

not differ from patients with respect to sex, age, and education.

Deceased patients were older than participants at the time of the index event (41.2 

(SD 7.7) years versus 35.3 (SD 8.5) years, p=0.04) and had a more severe stroke (median 

NIHSS 17.5 (IQR 11-23) versus median NIHSS 11 (IQR 3-15.5), p=0.0001), but no differences 

were observed with respect to sex. 
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Neuropsychological outcomes
After a mean follow-up of 9.8 (SD 8.0) years (with 17 of patients (37.8%) with a follow-up 

duration of >10 years), subjective cognitive failures were more prevalent in patients 

than in controls (93.9% versus 73.0%, p=0.02). Fatigue was present in 40.5% of patients 

and showed a trend towards a significant difference compared with controls (22.2%, 

p=0.07). No differences in the prevalence of depressive symptoms and anxiety were 

observed in patients compared with controls (7.1% versus 4.4%, p=0.59 and 11.9% ver-

sus 6.7%, p=0.40). 

Table 2 shows the neuropsychological test scores of patients and controls.

Figure 2 shows that the prevalence of patients with cognitive impairment (>1.5 SD be-

low mean performance of controls) differed significantly from controls on the domains 

‘speed of information processing’ (33.3% versus 5.4%, p=0.003), ’working memory’ 

(29.4% versus 10.8%, p=0.049), ‘immediate memory’ (26.5% versus 8.1%, p=0.04), and 

‘delayed memory’ (20.6% versus 2.7%, p=0.02). 

After performing a sensitivity analysis with the multiple imputation method, the signif-

icant difference in ‘working memory’ impairment changed into a trend (p=0.06) and 

the non-significant difference in ‘attention’-impairment became a trend (p=0.08).The 

differences in other domains remained significant.

The large proportion of patients with impairment in delayed memory is mainly attrib-

utable to a worse performance in the initial learning trials of the test, as patients did not 

show a rapid forgetting rate after 30 minutes compared with controls. 

ICH
n=45

Infratentorial, n (% of total) 9 (20.0)

Cerebellum, n (% of all infratentorial locations) 3 (33.3)

Brainstem, n (% of all infratentorial locations) 6 (66.7)

Etiology, n (%)

Hypertension 10 (22.2)

Arteriovenous malformation 14 (31.1)

Cavernous angioma 1 (2.2)

Coagulopathy

Medication use 2 (4.4)

Bleeding disorder 2 (4.4)

Septic embolism 1 (2.2)

Unknown

Cryptogenic 11(24.4)

Multiple causes 2 (4.4)

Incomplete evaluation 2 (4.4)

Follow-up

Mean duration of follow-up, years (SD) 9.8 (8.0)

Follow-up >10 years, n (%) 17 (37.8)

Age at follow-up, years (SD)b 45.1 (10.4)

Education, median (IQR)c 5 (5-6)

Recurrent strokes, n (%) 5 (11.1)d

Abbreviations: ICH: Intracerebral haemorrhage; NIHSS: National Institute of Health Stroke Scale; IQR: in-

terquartile range.

a.) In controls: 25 (55.6), p=0.83; b.) In controls: 45.1 (10.7), p=1.00; c.) In controls: 5 (5-6), p=0.63; d.) Of which 

1 ischaemic stroke and 4 intracerebral haemorrhages. Missing data: educational level was missing in 1 

patient. Level of education was scored with a widely-used Dutch scoring system (1 = less than primary 

school; 7 = university degree).229

Table 1		 Continued
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Figure 2	 Proportions of patients and controls with cognitive impairment (<1.5 SD below  

				    the mean performance of controls) on 7 cognitive domains.

ICH: intracerebral haemorrhage; SOIP: Speed of information processing; VC: visuoconstruction; WM: work-

ing memory; IM: immediate memory; DM: delayed memory; EF: executive functioning.

*p<0.05

**p<0.01

Discussion
This study showed that up to one third of patients who survived an ICH have cognitive 

impairment after almost 10 years of follow-up. In addition, subjective cognitive fail-

ures and fatigue were also very common symptoms. Depressive symptoms and anxi-

ety were much less prevalent and did not differ between ICH-patients and stroke-free 

controls.

One strength of our study is the long-term follow-up, which provides unique informa-

tion on possible long-term neuropsychological consequences a young survivor of an 

ICH may be confronted with. Another strength of our study is the comparison with a 

closely matched control sample. This provides insight into the excess risk of neuropsy-

chological problems, attributable to the ICH.

However, our results need to be interpreted with caution. Because of the small sample 

size, statistical power is limited, which may have introduced bias.
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Table 2		 Neuropsychological test scores of patients with an ICH and controls.

Cognitive domain and test
ICH
N=37

Controls
N=37 p-value

Processing speed

    SDMT 45.8 (10.8) 53.9 (8.6) 0.001

    Stroop part Ia 4.4 (1.3) 4.6 (0.7) 0.23

    Stroop Part IIa 3.2 (1.1) 3.6 (0.7) 0.04

Visuoconstruction

    ROCF copy 31.7 (3.7) 32.2 (2.7) 0.57

Memory

    Working memory

       PPMST ‘%’a 2.9 (1.2) 3.6 (1.0) 0.01

       PPMST ‘S’a 2.5 (0.9) 3.0 (0.6) 0.03

       PPMST ‘MP’a 1.7 (0.6) 1.8 (0.4) 0.39

       PPMST ‘DHN’a 1.5 (0.4) 1.6 (0.4) 0.12

   Immediate memory

       RAVLT trial 1-3 19.9 (7.0) 22.7 (5.6) 0.07

       ROCF immediate recall 14.2 (5.4) 19.5 (5.7) 0.0002

   Delayed memory

       RAVLT delayed recall 6.2 (2.8) 7.3 (3.0) 0.12

       ROCF delayed recall 13.6 (5.6) 19.3 (5.7) 0.0003

Attention

       Total score of the VSATa 1.3 (0.5) 1.5 (0.4) 0.35

Executive functioning

       Verbal fluency 23.9 (8.5) 24.4 (6.9) 0.81

       Interferencea 0.5 (0.1) 0.5 (0.1) 0.74

Data are expressed as mean (SD). PPMST: paper and pencil memory scanning test; RAVLT: Rey audito-

ry verbal learning test; ROCF: Rey-Osterrieth complex figure; SDMT: symbol-digit modalities test; VSAT: 

verbal series attention test. S, MP, DHN: these (combination of) letters had to be memorised and found 

among 120 distracting letters.

a.) Speed-accuracy composite score. Higher scores indicate better performance on all measures.
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edema, causing secondary hypoxia,265 although these mechanisms may be partially 

reversible.260, 266 

Future studies are needed to confirm this suggestion, using DTI-techniques to measure 

changes in integrity of subcortical fiber networks over time during and after the clinical 

recovery phase and taking incident co morbidities into account. 

Findings from our study can be used to inform young patients on possible long-term 

neuropsychological consequences of an ICH, although larger studies are needed to 

confirm our results and to elucidate underlying mechanisms. These patients are in a 

period of their lives during which important, possibly life-changing decisions have to 

be made, for example on career movements or family planning.

In conclusion, even after almost 10 years of follow-up, a large proportion of young 

adults who survive an ICH are confronted with cognitive impairment, next to fatigue 

and subjective cognitive failures. Knowing what difficulties may be encountered, will 

create opportunities for better preparation and adjustments, increasing the chances of 

functional independence.

First, selection bias is an issue. Our study included only the long-term survivors of an 

ICH. Patients who were deceased suffered from a more severe stroke. Therefore, it might 

be expected that these patients would also have been more cognitively impaired than 

the participants, resulting in larger differences when included in the analyses, but not 

in different conclusions. 

Second, information bias may have occurred. Researchers who assessed neuropsycho-

logical functioning were not blinded to which group a patient belonged (ICH or con-

trol), due to presence of possible visible physical disabilities. However, strict instruction 

protocols were used and researchers were trained. 

Third, because of the small sample size, we were not able to adjust for confounders. 

However, we tried to overcome this by matching controls on some of the important 

confounding factors, namely age, sex, and education. Recurrent ischaemic strokes or 

ICH, that might have led to cognitive impairment, were not considered in our analy-

ses because of low numbers. These should be considered in future studies with larger 

sample sizes.

Our most important finding is that patients with an ICH showed more cognitive im-

pairment than controls, especially on the domain of ‘speed of information processing’. 

This impairment might interfere with other complex tasks, such as working memory or 

episodic memory performance. As for episodic memory performance, mental slowing 

might have led to impaired learning trials, resulting in a worse recall ability and thereby 

lower scores on tests on delayed memory. One would also expect that ICH-patients 

showed more impairment on the domain of ‘attention’, because this may also be influ-

enced by mental speed. Possibly, our tests were not sensitive enough to find a differ-

ence between patients and controls in our small study sample. 

Mental slowness may also result in experienced fatigue or subjective cognitive failures. 

These symptoms can be caused by an imbalance between high demands from a pa-

tients’ environment (especially in young adults) and impaired coping strategies due to 

the cognitive impairment. 

A possible underlying pathophysiological mechanism for impaired mental speed may 

be the destruction of subcortical fiber networks,263 since mental slowness is usually 

considered to be due to subcortical disfunctioning. Previous studies hypothesised that 

an ICH may cause more reversible damage, because the blood would only displace 

fibers, not destroy them.257 However, our study suggests that an ICH might lead to 

subcortical fiber network destruction, with consequent long-term cognitive impair-

ment. Possible mechanisms may be the mass effect of the volume of the haemorrhage 

itself, causing a raised intracranial pressure264 and tissue necrosis, or the surrounding 
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Introduction 
Approximately 10% of strokes occur in patients under 50 years of age (‘young stroke’), 

but proportions between 20% and 30% are reported, although these higher figures 

mostly come from studies in developing countries.5, 267 At this socioeconomically de-

manding phase of life, post-stroke disability may affect the probability to return to work 

after stroke,268 an important determinant of life satisfaction.36, 154 This is not only an indi-

vidual loss, but also an economic burden to society, as the expected number of loss of 

years of employment is high in these young patients.37 

Assessment of the magnitude of this problem is the first step towards optimising reha-

bilitation of young stroke survivors. This knowledge is currently hampered by the fact 

that previous studies on post-stroke employment usually were limited in follow-up du-

ration155-157, 269 or sample size.158 One study reported on long-term post-stroke employ-

ment after 12 years, but this study was retrospective with a relatively low response rate.26 

In addition, most studies reported only crude numbers of unemployment within the 

young stroke population. A more meaningful approach would be to compare these 

numbers with that of the general population, to reveal the excess in unemployment 

attributable to the young stroke. 

The aim of this study was to investigate the prevalence and excess risk of unemploy-

ment in patients aged 18 through 50 years with a transient ischaemic attack (TIA), isch-

aemic stroke or intracerebral haemorrhage (ICH), compared with a nationwide control 

group. Also, we investigated whether demographic and clinical variables were associ-

ated with long-term unemployment, including baseline skills level.

Methods

Patients and study design
This study is a part of the ´Follow-Up of Transient ischaemic attack and stroke patients 

and Unelucidated Risk factor Evaluation´ (FUTURE) study, a prospective cohort study 

designed to investigate the aetiologies and consequences of stroke in a population of 

individuals aged 18 through 50 years.110 Details of the study were described extensive-

ly42 and in summary,102, 110, 128, 132 and are detailed briefly here.

The FUTURE study comprised all consecutive patients aged 18 through 50 years with 

a TIA, ischaemic stroke or ICH admitted to the Radboud University Nijmegen Medical 

Centre from January 1, 1980, until November 1, 2010.110 For the present study, only pa-

tients with first-ever TIA, ischaemic stroke or ICH were assessed. Patients were included 

Abstract
Objective
To investigate the prevalence, excess risk, and risk factors of unemployment in pa-

tients after a transient ischaemic attack, ischaemic stroke or intracerebral haem-

orrhage at ages 18 through 50 years of age, compared with nationwide controls. 

Methods
We performed a hospital-based cohort study among 694 patients, aged 18-50 

years, with a first-ever transient ischaemic attack, ischaemic stroke or intracerebral 

haemorrhage. 

After a mean follow-up duration of 8.1 (SD 7.7) years, we used logistic regression 

analysis to calculate odds ratios (ORs) with 95% confidence intervals (95%-CI) for 

being unemployed as a young stroke patient, compared with the Dutch popula-

tion of vocational age (n = 7 803 000), with subsequent assessment of risk factors 

of unemployment. 

Results
Young stroke patients had a higher risk of being unemployed than their peers in 

the Dutch population: women: OR 2.3, 95%-CI 1.8-2.9, men: OR 3.2, 95%-CI 2.5-4.0. 

A higher NIHSS-score at admission (OR 1.1, 95%-CI 1.0-1.1) and a longer follow-up 

duration (middle tertile: OR 2.8, 95%-CI 1.7-4.7, upper tertile: OR 3.4, 95%-CI 1.9-6.1) 

were associated with a higher risk of being unemployed. 

Conclusion
Young stroke patients had a 2 to 3 times higher risk of unemployment after 8 years 

of follow-up. Return-to-work programmes should be developed, adjusted and 

evaluated in order to diminish the negative effects that unemployment can have 

on patients’ life satisfaction and to limit the socio-economic consequences. 
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Being retired at follow-up was an additional exclusion criterion for this particular study. 

Data on receiving a disability payment were missing in 77 patients of the original co-

hort of 1 005 patients (7.7%). 

Other measurements
Apart from baseline demographic clinical variables (age, sex, and stroke severity (NIHSS 

score)), we collected occupation prior to the index event by structured questionnaires 

and review of medical records. We subsequently categorised occupations into 4 lev-

els of baseline skills, based on required educational levels for that occupation (rang-

ing from first = primary education only, to fourth = tertiary education with university 

degree or equivalent), according to the International Standard Classification of Occu-

pations-88.273 This classification is designed by the International Labour Organization 

(ILO), a United Nations agency concerned with international labour standards.273 Data 

on baseline skills level were missing in 12.2% of patients.

Appendix 1	 Short explanation of the Dutch disability benefit system. 

In the Netherlands, 4 types of disability benefits exist, depending on the employer (self-

employed or not), age, and the proportion of disability. The proportion of disability is 

based on the proportion of a persons’ last-known salary, that one is still able to earn (in the 

same or another occupation). The 4 types of disability benefit are: 1.) WAO (Occupational 

Disability Insurance Act), for employees with chronic disease or disability, utilised until 

2005; 2.) WIA (Work and Income according to Labour Capacity Act), comparable with 1.), 

but partly replacing it, enacted from 29th of December 2005. This benefit consists of 2 

parts, 1 for persons who are permanently disabled for at least 80% (IVA) and 1 for persons 

who are between 35% and 80% disabled or more than 80% but not permanently (WGA); 

3.) WAZ (Occupational Disability Insurance Act for self-employed persons); and 4.) Wajong 

(Occupational Disability Insurance Act in young persons), for those already disabled before 

turning 18. 

When a person is partially disabled, it is possible to be part-time employed at the same 

time, for example being 70% disabled and 30% employed. However, the sum of these 2 

parts cannot be more than 100%. If a patient is able to regain (partial) employment, the 

disability benefit will be cancelled or adjusted accordingly. 

prospectively between 1980 and 2010 with a standardised collection of baseline and 

clinical characteristics and all patients underwent neurological examination and brain 

imaging at the time of their index event.132 

TIA was defined as a rapidly evolving focal neurological deficit without positive phe-

nomena such as twitches, jerks or myoclonus, with no other than a vascular cause last-

ing less than 24 hours.132 Stroke, divided into ischaemic and ICH categories on the basis 

of radiological findings, was defined as focal neurologic deficit persisting for more than 

24 hours.110 We assessed stroke severity retrospectively in all cases with the NIH Stroke 

Scale (NIHSS)213 by a validated approach.165, 214 

Exclusion criteria were as follows: previous stroke or TIA, traumatic haemorrhagic stroke, 

haemorrhage in known cerebral metastasis or primary brain tumor, cerebral venous 

sinus thrombosis, subarachnoid haemorrhage or ICH attributable to known ruptured 

aneurysm, and retinal infarction.110 

Standard protocol approvals, registrations, and patient consents
The Medical Review Ethics Committee region Arnhem-Nijmegen approved the study.

We obtained written informed consent from all participants.

Assessment of unemployment
In the Netherlands, a national registry of Dutch citizens who receive a disability pay-

ment is kept by the Central Bureau of Statistics (CBS), a government agency that is 

responsible for collecting statistical information on the Dutch population. We could 

establish anonymously which patients in our study population received a disability 

payment on the basis of the registry on disability benefits, provided by the CBS. Our 

study participants were assigned unique numbers by the CBS, to guarantee anonymity. 

As most of our follow-up data were collected in the year 2010, we chose to collect data 

on disability payment from the CBS-registry of 2010. 

Data on disability payments of the general Dutch working population (stratified by sex 

and age category) are freely available on the website of the CBS and were used as the 

control group.270 

In appendix 1 on the Neurology® website at Neurology.org, the Dutch system of disabil-

ity benefits is explained.271, 272 

The 4 types of disability payments that exist in the Netherlands were combined into 

1 variable. This variable was used to calculate our primary outcome, unemployment 

after stroke, defined as the proportion of patients receiving any of these 4 disability 

payments in 2010.
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Results

Study population and demographics
We included 694 patients in this study (Figure 1). There were 215 (31%) patients with a TIA, 

425 (61.2%) patients with an ischaemic stroke and 54 (7.8%) patients with an ICH. Table 1 

lists baseline characteristics of all stroke subgroups. Mean follow-up duration was 8.1 (SD 

7.7) years. Of the 694 patients, 33.6% had a follow-up of ≥10 years and 21.5% of ≥15 years. 

Deceased patients (n=120) and patients who were lost to follow-up (n=77) more often 

had an ischaemic stroke or ICH than the 694 participants, with higher NIHSS-scores (me-

dian 10 (3.5-14) and 5 (1-11) versus 3 (0-7) in participants, p<0.0001). The proportion of men 

was higher among deceased patients and among patients who were lost to follow-up 

than among participants (57.1% and 55.8% versus 42.7%, respectively, p=0.007 and 

p=0.02). Patients who died during the course of the follow-up were older at the time of 

their index event than participants (42.6 (SD 6.8) years versus 39.1 (SD 8.1) years, p<0.0001).

Figure 1	 Flowchart of study population.

Baseline stroke population
n = 1005

Lost to follow‐up
n = 77

History of  TIA or stroke
n = 46

Deceased
n = 120

Retired
n = 68

Follow‐up study population
n = 694

Statistical analysis
We compared age and sex between stroke subtypes using a Student’s t-test and Pear-

son chi-square test, respectively. 

We calculated the prevalence of unemployment, defined as the proportion of patients 

receiving a disability payment after the index event, for men and women separately. 

We calculated prevalence of unemployment in the 3 stroke subtypes (TIA, ischaemic 

stroke or ICH) similarly and compared differences in prevalence between stroke sub-

types with a chi-square test. NIHSS-score at admission, sex, current age, and duration of 

follow-up were considered possible confounders and adjusted for.

We assessed the risk of unemployment in a young stroke patient, compared with the 

Dutch population by logistic regression, stratified by sex and age. The Central Bureau 

of Statistics stratified age groups as follows: <25, 25-34, 35-44, 45-54, and 55-65 years. 

This was done in an identical manner for young stroke patients. Patients residing in the 

age groups <25 and 25-34 years were combined, because there were only few cases in 

each group. We weighted overall proportions of unemployment in men and women in 

the Dutch working population by age groups. Similar analyses were done for only fully 

unemployed patients (eg., including only patients who are disabled for at least 80% 

(defined as being able to earn less than 20% of the last earned salary), as these patients 

are classified as fully disabled according to the Dutch disability benefit system), and 

ischaemic stroke and ICH patients only (excluding TIA patients). 

We used a multiple logistic regression model to estimate the association (OR with 95%-

CI) between unemployment and sex, current age, follow-up duration divided in tertiles 

(first tertile: up to 3.17 years, n=231; second tertile: 3.20 to 10.05 years, n=232; third ter-

tile: 10.06 to 30.00 years, n=231), stroke severity (NIHSS-score at admission), index event, 

and baseline skills level. The 2 lower and 2 intermediate skills levels were combined for 

comparison with the highest skills level. 

Two-sided P-values <0.05 were considered statistically significant. We performed statis-

tical analysis, using IBM (Armonk, NY) SPSS Statistics version 20.
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Table 1		  Baseline demographic and clinical variables, stratified by stroke subtype .

TIA
n=215

IS
n=425

ICH
n=54

Baseline 

Men, n (%)a 88 (40.9 ) 182 (42.8) 26 (48.1)

Age (years) at index event 39.7 (8.0) 39.1 (8.1) 36.2 (8.8)

NIHSS score at admission 0 (0-1) 4 (2-8.5) 10.5 (2.8-15.0)

Skills level at baseline, n (%) NA

      None 28 (14.3) 52 (14.1) 3 (6.8)

      Primary education only  21 (10.7) 54 (14.6) 6 (13.6)

      High school education 73 (37.2) 149 (40.4) 17 (38.6)

      Tertiary education, not 

      equivalent to university degree

65 (33.2) 96 (26.0) 15 (34.1)

      Tertiary education, (equivalent to ) 

     university degree

9 (4.6) 18 (4.9) 3 (6.8)

Follow-up

Follow-up duration (years)

      Mean (SD) 6.0 (6.9) 9.1 (7.9) 8.9 (7.7)

      Median (IQR) 3.6 (1.2-7.4) 7.2 (2.1-14.9) 5.5 (3.3-15.2)

Age (years) at follow-upb 45.7 (9.3) 48.2 (9.0) 45.1 (10.8)

Data are expressed as mean (SD) or median (Q1-Q3), unless otherwise specified.

Abbreviations: TIA: Transient Ischemic Attack, IS: Ischemic stroke, ICH: intracerebral hemorrhage, NIHSS: 

National Institutes of Health Stroke Scale. 

a.) No differences between stroke subtypes, tested with Pearson chi-square test. 

b.) Difference between TIA- and ischemic stroke patients, tested with Student’s t-test (p: 0.004)

Missing data: NIHSS: 0.6%; skills level at baseline:12.2% (Of note, proportions were calculated by dividing 

the number of cases by the total number of patients in the TIA or ischemic stroke group, excluding cases 

with missing values for baseline skills level (n=19 in TIA group, n=56 in ischemic stroke group, and n=10 

in ICH-group).

Unemployment
A total of 202 young stroke patients (29.1%) were unemployed in 2010. Table 2A shows 

that young stroke patients had a higher risk of having a disability payment than the 

nationwide controls in all age groups in both men and women, except for women 

between 55 and 65 years of age and men <35 years of age. In both women and men, 

patients between 35 and 44 years had the highest risk (women: OR 4.7, 95%-CI 3.0-7.0, 

men: OR 9.4, 95%-CI 5.6-15.3).

Of the 202 unemployed patients, 170 patients (84.2%) were fully unemployed. Unem-

ployment rates of these patients only, stratified by age category are also reported in 

Table 2A.

Table 2B shows the unemployment rates, stratified by age categories, for ischaemic 

stroke patients and ICH patients only, excluding the TIA-patients.

Table 2		 Post-stroke unemployment after stroke in young adults, compared to total  

				    Dutch working population.

Part A

Unemployment 
in Dutch
population 
(n=7 803 000)

Alla post-stroke 
unemployment 
in young stroke 
population 
(n=694)

OR
(95%-CI)

Fullb post-stroke 
unemployment 
in young stroke 
population only
(n=694)

OR
(95%-CI)

Women

(overall) n (%) 14.2%c xx 2.3 (1.8-2.9)d,e xx 1.8 (1.4-2.2)d,e

<35 years xx xx 3.8 (1.7-7.8)f xx 3.8 (1.7-7.8)f

35-44 years 69015 (7.3) 30 (26.8) 4.7 (3.0-7.0)e 24 (21.4) 3.5 (2.2-5.4)e

45-54 years 106140 (11.9) 44 (25.9) 2.6 (1.8-3.6)e 37 (21.8) 2.1 (1.4-2.9)g

55-65 years 150093 (36.7) 28 (40.0) 1.2 (0.7-1.9) 21 (30.0) 0.7 (0.4-1.2)

Men

(overall) n (%) 12.5% c xx 3.2 (2.5-4.0)d,e xx 2.6 (2.0-3.3)d,e

<35 years xx xx 3.0 (0.7-9.4) xx 3.0 (0.7-9.4)

35-44 years 56743 (5.0) 23 (32.9) 9.4 (5.6-15.3)e 20 (28.6) 7.7 (4.5-12.8)e

45-54 years 106023 (9.4) 37 (26.6) 3.5 (2.4-5.0)e 31 (22.3) 2.8 (1.8-4.1)e

55-65 years 205203 (29.6) 29 (43.9) 1.9 (1.1-3.0)h 26 (39.4) 1.5 (0.9-2.5) 
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Part B

Unemployment 
in Dutch
population 
(n=7 803 000)

All post-stroke 
unemployment 
in young stroke 
populationi 
(n=479)

OR
(95%-CI)

Women

(overall) n (%) 14.8% c xx 2.9 (2.2-3.7)d, e

<35 years xx xx 3.6 (1.1-9.9)h

35-44 years 69 015 (7.3) 24 (31.2) 5.8 (3.5-9.3)e

45-54 years 106 140 (11.9) 38 (32.2) 3.5 (2.4-5.1)e

55-65 years 150 093 (36.7) 24 (46.2) 1.5 (0.8-2.6)

Men

(overall) n (%) 13.3% c xx 4.0 (3.0-5.3)d,e

<35 years xx xx 4.5 (1.0-15.0)h

35-44 years 56 743 (5.0) 21 (45.7) 16.1 (8.9-28.9)e

45-54 years 106 023 (9.4) 31 (33.0) 4.8 (3.1-7.3)e

55-65 years 205 203 (29.6) 24 (45.3) 2.0 (1.1-3.4)f

Table 2 shows the number (proportion) of patients and controls who are unemployed, for patients de-

fined as the number (proportion) receiving a disability payment after the index event. Part A: all partici-

pants were included (with TIA, ischaemic stroke or intracerebral haemorrhage); part B: patients with TIA 

were excluded. 

xx: Number and proportions not shown for men and women <35 years of age; according to CBS (Central 

Bureau of Statistics)-guidelines, anonymity of data cannot be guaranteed in case of too small absolute 

numbers.

a.) All post-stroke unemployment includes patients with full and partial unemployment;

b.) Full post-stroke unemployment includes only patients who are disabled for at least 80% (defined as 

being able to earn less than 20% of the last earned salary). These patients are classified as fully disabled 

according to the Dutch disability benefit system; c.) percentage weighted by age groups; d.) OR (95%-CI) 

weighted by age groups; e.) p<0.0001; f.) p<0.01; g.) p<0.001; h.) p<0.05; i.) All post-stroke unemployment 

includes patients with full and partial unemployment, for patients with an ischaemic stroke or intracere-

bral haemorrhage only, excluding patients with a TIA.

Table 2		 Continued Risk factors for being unemployed
A higher NIHSS-score at admission (OR 1.1, 95%-CI 1.0-1.1, per point increase of the NI-

HSS) and a longer duration of follow-up (OR 2.8, 95%-CI 1.7-4.7, for the middle follow-up 

tertile and OR 3.4, 95%-CI 1.9-6.1, for the upper follow-up tertile) were associated with a 

higher risk of being unemployed (Table 3).

There was no difference in post-stroke unemployment between TIA-patients and isch-

aemic stroke patients after adjustment for confounding, but patients with an ICH had a 

higher risk of post-stroke unemployment (Figure 2). 

Table 3		 Odds ratios for factors associated with post-stroke unemployment.

Risk factor
Unemploymenta in 2010
OR (95%-CI)                               p-value

Female sex 1.0 (0.6-1.4) 0.84

Age, per year 1.0 (1.0-1.0) 0.70

NIHSS, per point 1.1 (1.0-1.1) <0.0001

Follow-up duration

               1st tertile 1 -

               2nd tertile 2.8 (1.7-4.7) <0.0001

               3rd tertile 3.4 (1.9-6.1) <0.0001

Skills level at baseline

              None or primary school

              only	

1.2 (0.4-3.3) 0.80

              High school with or

              without extra education

              not equal to university

              degree

1.9 (0.7-5.3) 0.19

              University degree 1 -

Index event

              TIA 1 -

              Ischaemic stroke 1.4 (0.9-2.3) 0.18

              Intracerebral haemorrhage 2.2 (0.9-4.9) 0.07

Multiple logistic regression analysis. 

a.) Unemployment, defined as the proportion receiving a disability payment after the index event.
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Figure 2	 Unemployment rates, stratified by stroke subtype.

Figure shows proportions of unemployment rates (proportion of patients receiving a disability payment), 

stratified by stroke subtype. Column of controls (Dutch working population) was added for illustrative 

purposes.

TIA: Transient ischaemic attack, IS: ischaemic stroke, ICH: Intracerebral haemorrhage. 

*TIA versus ICH p=0.02; TIA versus IS p=0.06; (p-value adjusted for sex, age, NIHSS at admission, and fol-

low-up duration).

Discussion
Even after a mean follow-up of 8 years, we found an up to approximately 9 times higher 

risk of unemployment for young stroke patients, compared with the general population. 

A more severe stroke (indicated by a higher NIHSS-score at admission) and a longer fol-

low-up duration were associated with an increased risk of being unemployed. Ischaemic 

stroke and ICH patients as well as TIA patients had a high unemployment rate, although 

the rate in TIA patients was comparable with that of the general population.

An important finding from our study was that even after on average 8 years of fol-

low-up, the unemployment rate after a stroke at young age was still between 25.9% 

and 43.9%, and full unemployment rates between 21.4% and 39.4%. This is in line with 

previous studies with a short-term follow-up, that also reported that 30-50% of young 

stroke survivors did not return to full-time employment.156, 157 

The combination of an up to 9 times excess risk of unemployment after a young stroke 

and the prospect of decades of unemployment results in a considerable social and 
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economic burden by payments of the disability payments. Therefore, the findings of 

our study are relevant for policymakers. 

Previous short-term follow-up studies found lower educational level an independent 

predictor of returning to work during the first post-stroke years.156, 157 It may be that 

higher educated patients use better coping strategies to compensate for post-stroke 

disabilities.236 However, we found that a lower baseline skills level was not associated 

with a higher risk of unemployment. This is somewhat contradictory to the previous 

studies, assuming that skills level is related to educational level. It may be that patients 

with both lower and higher skills levels are confronted with difficulties in returning to 

work, albeit different difficulties. For example, patients with a lower skills level may get 

fewer opportunities to adjust their work to possible impairments, but patients with a 

higher skills level may face higher demands from their colleagues or employer. There-

fore, personalised chronic care during almost the course of a life should be emphasised.

Strengths of our study include a large sample size and the fact that we included pa-

tients with ischaemic stroke, ICH, and those with a TIA. Since in the Netherlands all 

young stroke survivors usually visit a university medical centre during the course of 

their disease, our study population is representative for a Dutch young stroke popu-

lation. Therefore, we used the Dutch working population as a reference group. This 

makes it possible to assess the excess risk of unemployment due to young stroke. 

However, some methodological issues need to be addressed. Selection bias might 

have occurred. We may have underestimated unemployment risks, due to missing data 

on 77 unregistered patients who had a more severe stroke. However, this underestima-

tion would not have altered our conclusions. In addition, it might be that the retired 

patients we excluded were also prematurely unemployed because of the stroke, again 

leading to an underestimation of unemployment rates. However, we found that only 3 

of the 68 excluded retired patients received a disability benefit in the past. Therefore, 

including these patients would not have largely influenced our results.

Information bias is not likely to be an issue in this study, as the primary outcome variable 

of both the participants and the controls (Dutch population) was obtained from the 

same national registry. However, our outcome measure ‘unemployment after stroke’, 

defined as the proportion of patients receiving any of the 4 possible disability payment 

after the stroke may lead to an overestimation of unemployment, due to several reasons. 

First, it also includes patients who can still be partially employed, when only partially 

disabled. However, we intentionally chose ‘receiving a disability payment’ as a measure 

for excess unemployment in patients with a stroke at young age, as it measures only 

involuntary unemployment, due to disability, not including voluntary unemployment. 
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Second, we do not have data on the permanent or temporary status of the unemploy-

ment in 2010. Some patients may still be in their recovery phase and may return to 

work in 2011, leading to an overestimation of long-term unemployment. However, the 

majority (>90%) of unemployed patients in our study were followed-up for more than 

2 years after stroke, after which further recovery is usually considered unlikely. 

Confounding is another source of bias to be considered in our study. First, we could 

not establish whether incident diseases or co morbidities that occurred after the index 

event rather than the qualifying young stroke, might have led to the unemployment, 

because these data could not be linked at an individual level to the anonymous data of 

the Central Bureau of Statistics. Especially in TIA-patients, with signs and symptoms by 

definition being resolved within 24 hours, the long-term risk of unemployment might 

be a reflection of the risk of incident disease, for example vascular events.102 Although 

we cannot establish a direct causal relation between the young stroke and the unem-

ployment, this does not change our observation that young stroke survivors have a 

much higher risk of being unemployed on the long-term than the general population; 

if not caused by the index stroke itself, then maybe by a long-term higher risk of inci-

dental disease or co morbidities after stroke. 

Second, educational levels could be an important confounder. We adjusted for baseline 

skills levels, used as a proxy of education level, based on patients’ jobs. As skills levels 

were similarly distributed in our study cohort and in the Dutch population,274 we do not 

expect this confounding factor to largely influence our results or alter our conclusions. 

In addition, misclassification may play a role as also in the general population, there will 

be a few patients with a young stroke in their medical history of whom some receive a 

disability payment. However, given the size of our control sample, this misclassification 

of only a few controls would not largely influence our results or conclusions. 

Future research is needed to further determine the reasons for being unemployed so 

many years after the young stroke, which may include impaired motor function, cogni-

tive impairment, or incident diseases. One previous study assessed return-to-work and 

associated factors after 12 years of follow-up.26 However, memory problems, anxiety, 

and depression were assessed with only 1 question each. A more thorough assessment 

is necessary to reveal more detailed information and strengths of associations. This in-

formation can be used to optimise advice and rehabilitation programmes to patients’ 

individual needs.

Earlier short-term follow-up studies found high rates of unemployment after stroke.156, 

157 Our study showed that, even after 8 years of follow-up, young stroke patients still had 

an up to 9 times higher risk of unemployment. Given that these young individuals usu-

ally have a long lifespan, long-term unemployment places a disproportionate burden 

upon stroke survivors in particular and society as a whole. Improving the rehabilitation 

of survivors after a young stroke and developing policies that assist their reintegration 

into the work force should be high priorities for health care policy. This would be the 

first step in diminishing the negative effects that unemployment can have on patients’ 

life satisfaction and to limit the enormous socio-economic consequences. 
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Summary
Stroke is one of the leading causes of death and disability worldwide. The traditional 

view is that stroke is mainly a disease of the elderly. However, approximately 10% of all 

strokes occur in young adults, under the age of 50 years. Despite this considerable pro-

portion, there are only limited data available with respect to their long-term prognosis. 

However, it is particular this long-term prognosis that matters most for these young 

patients, since they usually have a long life expectancy and are in a demanding phase 

of life, during which life-changing decisions have to be made on for example career 

moves or planning of a family life.

In part I, chapter 2 of this thesis, we provide a critical review of the literature on causes 

and consequences of an ischaemic stroke in young adults. Previous literature mainly 

focused on rare risk factors or diseases as the aetiology of a young ischaemic stroke. 

However, the evidence for these rare conditions as a cause of stroke is relatively limited. 

Evidence is accumulating that traditional vascular risk factors are increasingly prevalent 

in these young patients. Therefore, we challenged the concept of ‘young stroke’ as 

a different disease entity opposed to ‘old stroke’. We suggested that with respect to 

aetiology, the ‘young stroke’ population is rather heterogeneous, with a subgroup of 

truly young adults (<35 years of age) with rare causes, older young adults (35-50 years) 

approaching ‘old stroke’ in prevalence of traditional cardiovascular risk factors, and a 

group in whom no causal factor can be found at all. 

Long-term prognosis in terms of mortality and cardiovascular morbidity is worse than 

previously thought in these young patients. Although mortality is lower than in older 

stroke patients, cumulative mortality was 2-4 times increased, compared with nation-

wide data from an age- and sex- matched population. The long-term risk of recurrent 

cardiovascular events also remained high. 

Cognitive impairment, depressive symptoms, anxiety, and fatigue seem common after 

a stroke at young age. However, only few studies on these outcomes exist to date, most 

of them with limited lengths of observation time or with small study samples. Moreover, 

only limited data exist on the impact of these symptoms on daily life functioning. 

Therefore, we performed the FUTURE study. In part II, chapter 3, we describe the ratio-

nale and design of this study; a prospective cohort study designed to investigate ae-

tiologies and long-term consequences of a TIA, ischaemic stroke or intracerebral hae-

morrhage in 1 005 adults, aged 18-50 years (‘young stroke’), admitted to the Radboud 

University Medical Centre Nijmegen between January 1, 1980 and November 1, 2010. In 

this thesis, the focus lies on the long-term neuropsychological and social consequenc-

es of a young stroke and their impact on functional outcome.
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Long-term neuropsychological and social consequences 
after stroke in young adults
In part III, chapter 4, we report on the cognitive performance of young ischaemic 

stroke patients. Compared with 146 stroke-free age- and sex-matched controls, patients 

performed worse on most cognitive domains. After a mean follow-up of 11.0 (SD 8.2) 

years, up to 50% of the patients had a below average performance or cognitive impair-

ment. A longer follow-up duration was associated with lower scores on the immediate 

memory, delayed memory, and executive functioning domains. Deficits in processing 

speed, working memory, and attention were most common. Patients with a left hemi-

spheral stroke had the worst cognitive outcome. In chapter 5, we report on a higher 

prevalence of subjective memory failures and subjective executive failures in young 

stroke patients (86.4% and 67.4%) than in controls (69.7% and 41.4%). These failures were 

not strongly related to objective memory performance or executive functioning, as-

sessed with an extensive neuropsychological examination. We found that the presence 

of these subjective cognitive failures in patients and controls were merely significantly 

associated with the presence of fatigue. This fatigue was assessed with the Checklist of 

Individual Strength questionnaire, which consists of items measuring both physical as 

mental fatigue. 

Subsequently, the long-term prevalence of depressive symptoms and anxiety (chapter 
6) and of fatigue (chapter 7) was described. All of these symptoms were very common 

in patients with an ischaemic stroke or a TIA (depressive symptoms: 16.8%, anxiety: 

23.0%, fatigue: 41.0%), and more prevalent than in controls. These symptoms did not 

differ by stroke localisation. Depressive symptoms and anxiety were prevalent in the 

first few years after stroke, and became less apparent after longer time after stroke. 

The prevalence of fatigue also showed this trend, but differences were not statistically 

significant after adjustment for age at follow-up, sex, education, severity of stroke, and 

a history of depression. In ischaemic stroke patients, depressive symptoms, anxiety, and 

fatigue were all associated with a poor functional outcome, measured with the mRS 

and the IADL. Fatigue was also associated with impairment on the cognitive domain of 

processing speed and working memory. 

In chapter 8, prevalence of cognitive impairment, subjective cognitive failures, depres-

sive symptoms, anxiety, and fatigue in 45 patients with an intracerebral haemorrhage 

was investigated and compared with 45 age-, sex-, and education-matched controls 

after a mean follow-up of 9.8 (SD 8.0) years. Subjective cognitive failures were more 

prevalent in patients than in controls (93.9% versus 73.0%, p=0.02), as was cognitive 

impairment on the following cognitive domains: ‘speed of information processing’ 

(33.3% versus 5.4%, p=0.003), ’working memory’ (29.4% versus 10.8%, p=0.049), ‘imme-

diate memory’ (26.5% versus 8.1%, p=0.04), and ‘delayed memory’ (20.6% versus 2.7%, 

p=0.02). Prevalence of fatigue showed a trend towards a significant difference between 

patients and controls (40.5% versus 22.2%, p=0.07).

No significant differences were found between patients and controls with respect to 

the presence of depressive symptoms and anxiety. 

In chapter 9, we report on the proportion of unemployment in all consecutive patients 

with a first-ever TIA, ischaemic stroke or intracerebral haemorrhage, defined as the pro-

portion of patients receiving a disability benefit. Between 25.9% and 43.9% of patients 

between 35 and 65 years of age were unemployed after a mean follow-up of 8.1 (SD 7.7) 

years. Overall, patients had a higher risk of being unemployed than their peers in the 

Dutch population of vocational age (women: OR 2.3, 95%-CI 1.8-2.9, men: OR 3.2, 95%-

CI 2.5-4.0). A more severe stroke and longer follow-up duration were associated with a 

higher risk of unemployment. The patients of 35-44 years of age had the highest risk of 

being unemployed (women: OR 4.7, 95%-CI 3.0-7.0, men: OR 9.4, 95%-CI 5.6-15.3).

Conclusion
The studies in this thesis describe that in patients who suffer from a stroke at young 

age (18 through 50 years), neuropsychological and social problems are very common, 

even up to a decade after the young stroke. This is in contrast with the general feeling 

of a rather favourable prognosis. Since these symptoms are associated with functional 

dependence and a high risk of not returning to pre-stroke activities, for example return 

to work, they lead to a significant individual loss for the patient, but also to a burden for 

society as a whole. 

The results from the studies in this thesis enable physicians and other stroke caregivers 

to better inform patients on these possible long-term consequences they can be con-

fronted with in the future. More studies are needed to further unravel the underlying 

pathophysiological mechanisms and develop treatment strategies.
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General discussion and future perspectives
Long-term prognosis after a stroke in young adults is not only determined by the pres-

ence of focal, visible neurological deficits, such as a hemiparesis, but even more by 

non-visible symptoms, such as subjective cognitive complaints or even cognitive im-

pairment or mood disorders, and also social consequences.275 However, to date, only 

few studies exist that evaluated the presence and magnitude of these non-visible 

symptoms after a stroke at young age.

Therefore, we wanted to investigate long-term neuropsychological and social conse-

quences after a stroke at young age. Our general aim was to provide reliable informa-

tion on the occurrence of these long-term sequelae, both for survivors of a stroke at 

young age as well as their caregivers and treating physicians. Furthermore, the associa-

tion of these symptoms with a poor functional outcome was determined.

The studies described in this thesis are based on data from the FUTURE study, a pro-

spective cohort study, including all consecutive patients with a TIA, ischaemic, and 

haemorrhagic stroke aged 18-50 years between 1980-2011. All patients visited the de-

partment of neurology of the Radboud University Nijmegen Medical Centre, the Neth-

erlands.

In this chapter, the most important methodological features of the studies in this the-

sis will be discussed first. Next, possible explanations for our main findings will be ex-

plored. Subsequently, we will discuss the challenges our findings may create for current 

daily practice, and formulate future research questions that need to be answered. 

Methodological considerations

Study design
We collected follow-up data from a cohort of all consecutive patients (n=1 005) with a 

stroke between 18 and 50 years, admitted to the Radboud University Nijmegen Med-

ical Centre since 1980. The cohort was identified, based on a prospective registry of 

stroke in young adults that has been kept at our neurology department since the late 

1970-ies. The general objective of the FUTURE study was to investigate aetiology and 

long-term prognosis after stroke at young age. For the studies in this thesis, outcomes 

(cognitive performance, presence of subjective cognitive complaints, depressive symp-

toms, anxiety, fatigue, and unemployment) were measured at 1 time-point during this 

observation period. This resulted in a variable length of follow-up for each individual 

patient, ranging from 0.5-31.0 years. 
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This very long maximum length of observation is a unique strength of this study and 

provides valuable information on long-term psychosocial consequences that patients 

with stroke at young age may encounter. Since we assessed outcome measures at only 

1 time-point during follow-up, we were not able to accurately assess the fluctuation 

over time of these consequences. However, the large variation in observation length al-

lowed us to compare prevalence of outcomes between different observation lengths, 

which gives us some insight into variation in frequencies of outcomes over time.

Another strength of the studies in this thesis is the inclusion of a stroke-free age-matched 

and sex-matched control cohort, for comparison of prevalence of outcome measures. 

Some outcome measures are known to be quite prevalent in the general popula-

tion.276-278 Therefore, the comparison with stroke-free controls is important, to assess the 

excess influence of the stroke at young age on the frequency of these symptoms.

Internal validity
The internal validity of a study reflects the reliability of the conclusions than can be 

drawn, based on the data collected. Results based on these data are always in a more 

or less extent vulnerable to bias. Three forms of bias can be distinguished: selection 

bias, information bias, and confounding. 

Selection bias occurs when the association between a certain determinant and out-

come is different in the population under study, than in the population from which 

these participants were drawn. Selection bias may occur when selection for participa-

tion in a study is dependent on the outcome, and not random.279 In our study, selec-

tion bias may have occurred, because the presence of neuropsychological complaints 

or employment status might have been related to participation. Obviously, outcome 

was only to be assessed in the patients alive at the time of follow-up, but also solely 

among participants. This might have led to an underestimation of the prevalence of 

psychosocial consequences of a stroke at young age, since the deceased patients prob-

ably had a more severe stroke, most likely leading to more post-stroke disabilities and 

psychosocial issues. The same may hold true for patients that refused to participate. 

Including these patients would have then increased the differences we found between 

patients and controls, but most likely would not have altered our conclusions. On the 

other hand, patients that refused to participate might also have recovered without any 

residual symptoms, not giving priority to participate in this study. In this case, our cur-

rent results would be an overestimation of the prevalence of outcomes. Probably, both 

explanations will have influenced participation in our study and it is therefore unlikely 

that this selection bias largely influences our results. However, we do not have any 

formal data on this issue.

Information bias arises when an error occurs in the measurement of a variable. For ex-

ample, this form of bias may be introduced when outcome measures are not clearly de-

fined or cannot be measured objectively, which may lead to misclassification.279 Some 

of our outcome measures (subjective memory complaints, depressive symptoms, anxi-

ety, and fatigue) were based on self-questionnaires and are therefore subjective. Some 

misclassification may have occurred due to the use of these subjective measures, which 

are more prone to misclassification than objective outcomes, such as mortality. How-

ever, all the questionnaires are well-validated, thereby limiting misclassification when 

previously defined cut-off values from these validation studies are used.183, 233, 241 For the 

measurement of unemployment, data from the Central Bureau of Statistics were used, 

which are objective data on whether a patient is receiving an unemployment benefit 

or not. Therefore, misclassification is not an issue in this study.

Another source of information bias could arise due to the fact that researchers were 

not blinded for a participant being a patient or a control, for example, due to visible 

physical post-stroke disabilities. However, all researchers were well-trained to use the 

structured questionnaires and tests in a pre-defined order, so these data were collect-

ed uniformly in all participants. 

Recall bias is another form of information bias that might have been introduced by the 

use of questionnaires. However, most outcomes are on psychosocial complaints in the 

past week or month, reducing the chance of recall bias. 

Finally, confounding is an important form of bias to consider. A confounder is a fac-

tor that is related to both the determinant and the outcome, without being part of 

the causal chain between determinant and outcome.279 In our studies, age, sex, ed-

ucational level, and socio-economic status may be important confounders. They are 

related to the risk of stroke at young age as well as cognitive impairment, depressive 

symptoms, or unemployment, etcetera. We tried to overcome confounding bias by 

adjusting for these confounding factor in the analyses. Moreover, patients and controls 

were matched for age and sex and controls were recruited from the same environment 

as the patients. Therefore, it is likely that socio-economic status between patients and 

controls is comparable. 

Precision
Precision indicates to what extent the findings deviate from the true value, due to ran-

dom (unknown) error.279 In the studies in this thesis, random error may have occurred, 

due to the fact that outcome measures, such as cognitive performance or the presence 
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of depressive symptoms may fluctuate over days. A patients’ performance during an 

extensive neuropsychological examination or answers on questions about feelings of 

depression probably depend on the presence of other variables, such as the quality of 

last night sleep or complaints from co morbidities. We tried to minimise the chance of 

this error, by including a large number of patients with a TIA (range between 160 and 

215 participants) and ischaemic stroke (range between 277 and 425 participants). How-

ever, we assessed neuropsychological symptoms in only 45 patients with an intracere-

bral haemorrhage, which may have resulted in diminished precision. Therefore, studies 

with larger sample sizes are needed to confirm findings from this particular study.

External validity
The extent to which results from the study sample can be generalised to patients out-

side the study sample is called external validity. Our study cohort is comparable to other 

young stroke cohorts with respect to mean age of approximately 40 years at the time 

of the event, but our study cohort has a lower proportion (<50%) of men than other 

young stroke cohorts (>55%).26, 43, 44 However, concordant with epidemiological data on 

stroke at young age, the higher proportion of women in our cohort probably reflects a 

true young stroke population.280 

With respect to stroke severity, our cohort consisted of patients who suffered from 

relatively mild strokes, with a median NIHSS-score on admission of 4, which seems 

somewhat less severe compared to 1 other study (mean NIHSS-score of 7.7, median not 

reported).131 However, another study reported a more or less comparable NIHSS-score 

on admission with our study with a median of 3,109 and other studies also described 

that neurological deficits on admission were minor to moderate in the majority of pa-

tients.203, 281 Therefore, with respect to stroke severity, our cohort seems comparable to 

other young stroke populations.

Our academic hospital serves as a tertiary referral centre for a large area in the eastern 

part of the Netherlands. Since most patients with a stroke at young age usually are 

referred to a university medical centre somewhere along the course of the disease, we 

most likely included the majority of patients in our catchment area.

To conclude, our study cohort has demographic and stroke characteristics, com-

parable to other young stroke cohorts. Moreover, our study cohort probably is a 

representative sample of all young strokes in our catchment area, despite being 

hospital-based instead of population-based. Therefore, we believe results from 

our studies can be generalised to other Dutch patients with a stroke at young 

age as well as to patients with a stroke at young age in other Western societies. 

General discussion of main findings
To date, a survivor of a stroke at young age was generally expected to regain pre-stroke 

activities in most cases. This expectation was based on previous studies, that found 

a relatively good motor recovery after a stroke under 50 years of age.118, 129 However, 

independent functioning in daily life requires more than only good motor recovery, 

for example adequate cognitive performance. The studies in this thesis show that im-

paired cognitive performance, and also other neuropsychological complaints were 

very common after very long-term follow-up after a stroke at young age. Subjective 

and objective cognitive impairment, depressive symptoms, anxiety, and fatigue were 

far more prevalent among survivors of a stroke at young age than among their peers 

in the control group. Moreover, we found that depressive symptoms, anxiety, and fa-

tigue were associated with a poor functional outcome. This functional outcome was 

assessed with the mRS, mainly a motor score, but also the with the IADL, which assesses 

more complex tasks in daily life functioning. Furthermore, fatigue was also associated 

with cognitive impairment on the domains of information processing speed and work-

ing memory.  

The recognition of long-term persistent ‘non-visible’ symptoms is one of the new insights 

provided by our studies due to the very long-term follow-up, since this was usually limit-

ed in previous studies that investigated neuropsychological outcomes.28-31, 34 The relation 

of these symptoms with a poor functional outcome stresses the importance of the rec-

ognition (and eventually treatment) of these symptoms in post-stroke care.

The negative influence of depressive symptoms, anxiety, and fatigue not only affects 

the individual patient and his or her direct social environment, but also places a burden 

to society as a whole. This is shown by our study on unemployment, in which we found 

a 2- to 3-fold increased risk of unemployment after a stroke at young age, compared to 

the general Dutch population. The highest risk was found in the population between 

35 and 44 years, which causes a major loss of years of productivity.

The high prevalence of long-term depressive symptoms, fatigue, and anxiety poses the 

question on which pathophysiological mechanisms underlie the occurrence and long-

term persistence of these symptoms, even for decades after the initial stroke. Possible 

underlying mechanisms will now be discussed.

First, a direct causal relationship between the stroke at young age and the long-term 

neuropsychological symptoms may exist. To increase the probability of a causal re-

lationship between 2 variables, a study needs to show that the risk factor is time- an 

dose-dependent, among other criteria.98 This requires a large, prospective cohort study. 

In our study, patients were divided into 3 groups, categorised by tertiles of length of 
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follow-up. We found that a stroke at young age was not related with psychological 

outcomes in a length of observation-dependent way. Depressive symptoms, anxiety, 

and fatigue were actually somewhat less prevalent or did not differ between the group 

with shortest length of follow-up (eg., first tertile of length of follow-up) and the group 

with the longest length of follow-up (eg., third tertile of length of follow-up), rather 

than being more prevalent. On the other hand, longer follow-up was associated with 

more cognitive impairment. It may be that the acute damage to the brain parenchyma 

causes neuropsychological symptoms on the short-term, whereas on the long-term 

other pathophysiological mechanisms come into play, such as accumulating neurode-

generative pathology in an ageing brain. 

According to the dose-dependent criterium (the more strokes, the more neuropsy-

chological sequelae), recurrent strokes would lead to a higher prevalence of neuropsy-

chological symptoms over time. This is indeed suggested by our finding that recur-

rent cerebrovascular events were related to the presence of fatigue in young ischemic 

stroke patients. However, recurrent strokes were not significantly related to depressive 

symptoms or anxiety. 

A direct causal relationship between the stroke and long-term neuropsychological 

symptoms may be suggested (although not proven), when symptoms only occur after 

lesions in specific parts of the brain. In the case of cognitive impairment, we found that 

cognitive performance was more affected by a left hemispheric strokes than a right 

hemispheric stroke, suggesting that lesion localisation may, at least partly, determine 

the extent of cognitive impairment. However, in the case of depressive symptoms, anx-

iety, and fatigue, we found no differences in prevalence by stroke localisation.

Findings from our studies clearly not uniformly point to a direct causal relationship 

between stroke and long-term neuropsychological symptoms, suggesting that there 

should be another explanation. We found that depressive symptoms, anxiety, and fa-

tigue were all related to a poor functional outcome in survivors of a stroke at young 

age. These young patients are in a demanding phase of life, with a young family and 

a career, and are suddenly confronted with a serious and often unexpected disease. 

Insufficient coping strategies may lead to an imbalance between physical and mental 

disabilities and high demands from the social environment. Most likely, patients be-

come trapped in a downwards helix of ever increasing neuropsychological symptoms, 

followed by more impairments in daily life, and vice versa.

Clinical relevance
Neuropsychological and social problems after a stroke at young age have received 

little attention in post-stroke care so far, reflected in scarce literature on the subject. 

Meanwhile, patients rate these topics among the top 10 list of research priority.48 An 

explanation may be that in the (sub)acute post-stroke care, the visible motor deficits 

probably attract more attention and these symptoms generally ameliorate in the first 

weeks or during the rehabilitation period. After the subacute and first rehabilitation 

phase, post-stroke care usually stops. However, it is only after this period that patients 

are being confronted with regular daily life, and only then the less visible psychosocial 

issues come into play.

Moreover, the importance of providing information to survivors of a stroke at young 

age on long-term prognosis lies in the fact that these young patients usually have a 

long life expectancy. These patients are often in the midst of an active social life, form-

ing new families and planning important career steps. The major impact of psycho-

social problems on daily life functioning is underlined by our finding that depressive 

symptoms, anxiety, and fatigue were associated with a poor functional outcome.

Current practice may therefore need to change, with a longer follow-up of patients, 

ideally in a multidisciplinary team, to evaluate both the important medical status, but 

also the equally relevant psychosocial issues. In our hospital, this multidisciplinary team 

is being formed currently for young patients with cerebrovascular disease. This teams 

actually consists of 2 subteams. One team contains a neurologist, cardiologist, vascular 

internal specialist, and a vascular surgeon, aiming to evaluate risk factors for the stroke 

and start secondary prevention. The other team consists of a medical psychologist, a 

nurse practitioner, and a social worker. They will offer the patient a ‘menu’ with possible 

neuropsychological or social difficulties. The young patient can then choose which 

topics need special attention in his or her individual situation, in order to regain pre-

stroke activities as much as possible. Examples include ‘fatigue’, ‘return to work’, and 

‘social interactions’. 

Education of the patient and his social environment, for example employers and col-

leagues, and thereby creating more understanding of difficulties a patient encounters, 

may be another method to alleviate psychosocial problems in patients.

We believe that recognition of these symptoms by clinicians, patients, and society may 

be the first step in initialising treatment. 
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Future directions
The combination of a rising incidence of stroke in young adults6 and the high preva-

lence of psychosocial consequences results in a considerable burden for patients and 

their direct social environment as well as for society as a whole. With results from the 

studies in this thesis, stroke physicians will now be able to better inform patients with a 

stroke at young age on long-term prognosis, and create more awareness for the recog-

nition of these symptoms. 

Although the recognition of problems in the neuropsychological and social domain 

in patients after a stroke at young age is the essential first step in treatment of these 

problems, an actual optimal treatment strategy is not available.160, 161 Clinical trials with 

medications, psychological interventions, and occupational therapy are needed to eval-

uate which treatment strategies can alleviate symptoms. To develop these treatment 

strategies however, we first need to learn more about the origin of these complaints. 

For example, are structural damage to brain networks or altered brain function causing 

these symptoms or are inadequate coping strategies or insufficient guidance from a 

social environment playing a role? 

Furthermore, trials should reveal whether there are certain high risk groups, for exam-

ple on the basis of medical or psychiatric history, stroke severity or subtype (including 

intracerebral haemorrhage) or recovery patterns, that would benefit from earlier, more 

intensive or different treatments than other patients.

This optimalisation of treatments and their adjustment to individual patients, based on 

their individual clinical characteristics may result in more cost-effective use of scarce 

health care budgets, with advantages for the individual patient and society as a whole.
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Nederlandse samenvatting
Een beroerte is wereldwijd een van de belangrijkste oorzaken van overlijden en han-

dicap. Beroerte wordt voornamelijk gezien als een ziekte van oudere mensen, maar 

ongeveer 10% van alle beroertes betreft jonge volwassenen, onder de leeftijd van 50 

jaar. Ondanks dit aanzienlijke percentage, is er maar weinig literatuur te vinden over 

deze jonge patiënten, zeker als het gaat om lange-termijn prognose. Voor hen is juist 

deze lange-termijn prognose van belang, omdat zij in het algemeen een lange levens-

verwachting hebben en omdat zij zich in een veeleisende fase van hun leven bevin-

den, waarin belangrijke beslissingen moeten worden genomen over bijvoorbeeld een 

carrière of het stichten van een eigen gezin.

In deel 1, hoofdstuk 2 van dit proefschrift geven wij een kritisch overzicht van de lite-

ratuur over oorzaken en gevolgen van een herseninfarct bij jonge volwassenen. In de 

bestaande literatuur tot nu toe ging de aandacht met name uit naar zeldzame risico-

factoren of onderliggende aandoeningen die een herseninfarct kunnen veroorzaken. 

Echter, de bewijslast hiervoor is relatief beperkt. Er wordt steeds vaker beschreven dat 

de traditionele cardiovasculaire risicofactoren frequent voorkomen bij deze jonge pa-

tiënten. De vraag is nu of de ziekte ‘herseninfarct bij jonge volwassenen’ als aparte 

ziekte-entiteit bestaat, los van een ‘herseninfarct op oudere leeftijd’. In dit hoofdstuk 

beschrijven wij dat, met betrekking tot de onderliggende oorzaak van een hersenin-

farct op jonge leeftijd, er eigenlijk meer sprake is van een heterogene aandoening. Er 

bestaat inderdaad een subgroep van hele jonge volwassenen (<35 jaar) die een zeld-

zame onderliggende aandoening heeft als oorzaak voor de beroerte, maar daarnaast 

ook een iets oudere subgroep (35-50 jaar) bij wie de cardiovasculaire risicofactoren een 

grote rol spelen in het ontstaan van de beroerte, zoals ook bij de oudere patiënten 

het geval is. Tot slot is er een subgroep van patiënten bij wie geen enkele oorzaak kan 

worden gevonden voor de beroerte.

De lange-termijn prognose wat betreft mortaliteit en cardiovasculaire comorbiditeit 

van patiënten die op jonge leeftijd een herseninfarct hebben gehad is slechter dan 

voorheen altijd werd gedacht. De mortaliteit is weliswaar lager dan bij oudere patiën-

ten met een beroerte, maar de cumulatieve mortaliteit ligt 2 tot 4 keer hoger dan bij 

volwassenen van gelijk geslacht en gelijke leeftijd, die géén beroerte hebben gehad. 

Het lange-termijn risico op het krijgen van cardiovasculaire aandoeningen was even-

eens hoog. 

Cognitieve beperkingen, depressieve symptomen, angst en vermoeidheid lijken na 

een beroerte op jonge leeftijd veel voor te komen. Echter, tot op heden zijn er maar 

weinig studies die deze uitkomsten onderzochten in deze populatie. Bovendien waren 
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de verrichte studies beperkt met betrekking tot duur van de follow-up periode of met 

betrekking tot het aantal geïncludeerde patiënten. Voorts zijn er nauwelijks gegevens 

over de invloed van deze symptomen op het algemeen dagelijks functioneren. 

Daarom werd de FUTURE studie uitgevoerd. In deel 2, hoofdstuk 3 beschrijven we 

de achtergrond en de opbouw van de FUTURE studie; een prospectieve cohortstudie, 

opgezet om de etiologie en lange- termijn gevolgen van een TIA, herseninfarct, of 

hersenbloeding op de leeftijd van 18 t/m 50 jaar te onderzoeken in 1 005 volwassenen 

die vanaf 1 januari 1980 tot 1 november 2010 patiënt onder behandeling zijn geweest 

in het Radboudumc te Nijmegen.

De studies in dit proefschrift beschrijven de neuropsychologische en sociale gevolgen 

op lange termijn van een beroerte op jonge leeftijd en de invloed van deze sympto-

men op de functionele uitkomst.

Neuropsychologische en sociale gevolgen op lange termijn 
na een beroerte op jonge leeftijd
In deel III, hoofdstuk 4, beschrijven we de cognitieve functies van patiënten met een 

herseninfarct. De patiënten presteerden slechter op de meeste cognitieve domeinen 

in vergelijking met 146 op leeftijd en geslacht gematchte controles zonder een be-

roerte. Na een gemiddelde follow-up duur van 11.0 (SD 8.2) jaar had zelfs de helft van 

de patiënten op sommige domeinen een benedengemiddelde score of cognitieve 

beperking. Een langere follow-up duur was geassocieerd met lagere testscores op de 

domeinen ‘korte-termijn geheugen’, ‘lange-termijn geheugen’ en ‘executieve taken’. 

De meeste afwijkingen werden gevonden in de cognitieve domeinen ‘snelheid van 

informatieverwerking’, ‘werkgeheugen’ en ‘aandacht’. Patiënten met een beroerte in 

de linkerhemisfeer van de hersenen presteerden het slechtst. In hoofdstuk 5 rappor-

teren we dat subjectieve geheugenklachten en subjectieve executieve stoornissen 

vaker vóórkomen bij patiënten met een TIA of herseninfarct dan bij de controlegroep 

(86.4% versus 67.7% en 67.4% versus 41.4%). Deze subjectieve klachten bleken niet sterk 

gerelateerd aan het daadwerkelijk vóórkomen van objectieve cognitieve stoornissen, 

wanneer deze werden getest tijdens een uitgebreid neuropsychologisch onderzoek. 

Bij patiënten en controles bleken de subjectieve cognitieve klachten wel geassocieerd 

met vermoeidheid. Deze vermoeidheid werd gemeten met de Checklist of Individual 

Strength vragenlijst. Deze vragenlijst bestaat uit items over zowel fysieke als mentale 

vermoeidheid.

Vervolgens onderzochten wij de lange-termijn prevalentie van depressieve symptomen 

en angst (hoofdstuk 6) en vermoeidheid (hoofdstuk 7). Al deze symptomen kwamen 

vaker voor bij patiënten (depressieve symptomen: 16.8%, angst: 23.0%, vermoeidheid: 

41.0%) dan bij controle-proefpersonen. De prevalentie van deze symptomen verschilde 

niet tussen de verschillende lokalisaties van de beroerte (links of rechts supratentorieel, 

of infratentorieel). Na een langere follow-up duur waren depressieve symptomen en 

angst wat minder prevalent dan in de eerste jaren na de beroerte. De prevalentie van 

vermoeidheid toonde eenzelfde trend, maar verschillen tussen korte- en lange-termijn 

follow-up waren niet statistisch significant na adjusteren voor leeftijd, geslacht, oplei-

dingsniveau, ernst van de beroerte en depressie in de voorgeschiedenis. Bij patiënten 

met een herseninfarct waren depressieve symptomen, angst en vermoeidheid allen 

geassocieerd met een slechte functionele uitkomst, gemeten met de modified Rankin 

Scale (mRS) en de Instrumental Activities of Daily Living-vragenlijst (IADL). Vermoeid-

heid was tevens geassocieerd met beperkingen in het cognitief functioneren op de 

domeinen ‘snelheid van informatieverwerking’ en ‘werkgeheugen’. 

In hoofdstuk 8 onderzochten we de prevalentie van cognitieve beperkingen, depres-

sieve symptomen, angst en vermoeidheid na een follow-up periode van 9.8 (SD 8.0) 

jaar bij 45 patiënten met een hersenbloeding en vergeleken dit met 45 op geslacht, 

leeftijd en opleidingsniveau gematchte controles. Subjectieve cognitieve klachten 

hadden een hogere prevalentie in patiënten dan in controles (93.9% versus 73.0%, 

p=0.02), evenals cognitieve beperkingen op de volgende domeinen: ‘Snelheid van in-

formatieverwerking’ (33.3% versus 5.4%, p=0.003), ‘werkgeheugen’ (29.4% versus 10.8%, 

p=0.049), ‘korte-termijn geheugen’ (26.5% versus 8.1%, p=0.04), and ‘lange-termijn 

geheugen’ (20.6% versus 2.7%, p=0.02). Er was een trend wat betreft vóórkomen van 

vermoeidheid (40.5% versus 22.2%, p=0.07). Er werden geen significante verschillen 

gevonden tussen patiënten en controles wat betreft de prevalentie van depressieve 

symptomen en angst.

Tot slot rapporteert hoofdstuk 9 over het percentage werkloosheid onder patiënten 

met een TIA, herseninfarct of hersenbloeding, gedefinieerd als het aantal mensen die 

een arbeidsongeschiktheidsuitkering ontvingen. Na een follow-up periode van ge-

middeld 8.1 (SD 7.7) jaar was 25.9%-43.9% van de patiënten tussen de 35 en 65 jaar 

werkloos. Patiënten hadden een hogere kans om werkloos te zijn dan de rest van de 

Nederlandse beroepsbevolking (vrouwen: OR 2.3, 95%-CI 1.8-2.9, mannen: OR 3.2, 95%-

CI 2.5-4.0). Een ernstigere beroerte en een langere follow-up duur waren geassocieerd 

met een hoger risico op werkloosheid. De patiënten in de leeftijdscategorie 35-44 jaar 

hadden het hoogste risico op werkloosheid (vrouwen: OR 4.7, 95%-CI 3.0-7.0, mannen: 

OR 9.4, 95%-CI 5.6-15.3).
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Conclusie
De studies in dit proefschrift beschrijven dat patiënten die op jonge leeftijd (18 t/m 

50 jaar) een beroerte doormaken vaak worden geconfronteerd met problemen op 

neuropsychologisch en sociaal vlak, zelfs na ongeveer 10 jaar follow-up. Dit spreekt de 

algemene gedachte onder neurologen en andere behandelaren tegen, dat de prog-

nose na een beroerte op jonge leeftijd relatief gunstig zou zijn. Deze klachten hebben 

gevolgen voor de patiënt zelf, maar ook voor zijn directe omgeving en de maatschap-

pij, gezien het feit dat deze neuropsychologische en sociale problemen gerelateerd 

bleken aan functionele afhankelijkheid en een kleinere kans om voormalige dagelijkse 

activiteiten, bijvoorbeeld werk, weer op te pakken.

De resultaten uit dit onderzoek maken het mogelijk voor artsen en andere beroeps-

groepen die betrokken zijn bij de zorg voor deze patiënten om betere informatie te 

kunnen geven over de mogelijke lange-termijn gevolgen die een beroerte op jonge 

leeftijd met zich mee kan brengen. In de toekomst is verder onderzoek nodig om de 

onderliggende pathofysiologische mechanismen verder te ontrafelen en behande-

lingsstrategieën te ontwikkelen.
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RAVLT 				    Rey Auditory Verbal Learning Test

ROCF 					    Rey-Osterrieth Complex Figure

SDMT 				    Symbol-Digit Modalities test

TIA 	 				    Transient Ischaemic Attack

TOAST	 			   Trial of Org 10172 in Acute Stroke Treatment

VSAT 					    Verbal Series Attention Test



189188

Appendices

PART V

R

References

References

1.		  Johnston SC, Mendis S, Mathers CD. Global 

variation in stroke burden and mortality: es-

timates from monitoring, surveillance, and 

modelling. Lancet Neurol 2009;8:345-354.

2.		  Warlow CP, Van Gijn, J., Dennis, M.S., Wardlaw 

J.M., Bamford J.M., Hankey, G.J., Sandercock, 

P.A.G., Rinkel, G., Langhorne P., Sudlow, C., 

Rothwell P. In: Stroke: Practical Management, 

3rd ed: Blackwell Publishing, 2008: 353-410.

3.		  Ay H, Furie KL, Singhal A, Smith WS, Sorensen 

AG, Koroshetz WJ. An evidence-based caus-

ative classification system for acute ischemic 

stroke. Ann Neurol 2005;58:688-697.

4.		  Nederland H. Available at: https://www.

hersenstichting.nl/alles-over-hersenen/

hersenaandoeningen/beroerte. Accessed 

7/20/2014.

5.		  Nedeltchev K, der Maur TA, Georgiadis D, et 

al. Ischaemic stroke in young adults: predic-

tors of outcome and recurrence. J Neurol 

Neurosurg Psychiatry 2005;76:191-195.

6.		  Kissela BM, Khoury JC, Alwell K, et al. Age at 

stroke: Temporal trends in stroke incidence 

in a large, biracial population. Neurology 

2012;79:1781-1787.

7.		  van Swieten JC, Koudstaal PJ, Visser MC, 

Schouten HJ, van Gijn J. Interobserver agree-

ment for the assessment of handicap in 

stroke patients. Stroke 1988;19:604-607.

8.		  Visser-Keizer AC, Meyboom-de Jong B, 

Deelman BG, Berg IJ, Gerritsen MJ. Subjec-

tive changes in emotion, cognition and be-

haviour after stroke: factors affecting the per-

ception of patients and partners. J Clin Exp  

		  Neuropsychol 2002;24:1032-1045.

9.		  Duits A, Munnecom T, van Heugten C, van 

Oostenbrugge RJ. Cognitive complaints in 

the early phase after stroke are not indicative 

of cognitive impairment. J Neurol Neurosurg 

Psychiatry 2008;79:143-146.

10.	 	 Lamb F, Anderson J, Saling M, Dewey H. Pre-

dictors of subjective cognitive complaint in 

postacute older adult stroke patients. Arch 

Phys Med Rehabil 2013;94:1747-1752.

11.	 	 Kotila M, Numminen H, Waltimo O, Kaste M. 

Depression after stroke: results of the FINN-

STROKE Study. Stroke 1998;29:368-372.

12.	 	 Skaner Y, Nilsson GH, Sundquist K, Hassler E, 

Krakau I. Self-rated health, symptoms of de-

pression and general symptoms at 3 and 12 

months after a first-ever stroke: a municipal-

ity-based study in Sweden. BMC Fam Pract 

2007;8:61-69.

13.	 	 Eriksson M, Asplund K, Glader EL, et al. Self-re-

ported depression and use of antidepres-

sants after stroke: a national survey. Stroke 

2004;35:936-941.

14.	 	 Linden T, Blomstrand C, Skoog I. Depres-

sive disorders after 20 months in elderly 

stroke patients: a case-control study. Stroke 

2007;38:1860-1863.

15.	 	 Bergersen H, Froslie KF, Stibrant Sunnerhagen 

K, Schanke AK. Anxiety, depression, and psy-

chological well-being 2 to 5 years poststroke. 

J Stroke Cerebrovasc Dis 2010;19:364-369.

16.	 	 Wolfe CD, Crichton SL, Heuschmann PU, et 

al. Estimates of outcomes up to ten years 

after stroke: analysis from the prospective 



191190

Appendices

PART V

R

References

South London Stroke Register. PLoS Med 

2011;8:e1001033.

17.	 	 Appelros P, Viitanen M. Prevalence and pre-

dictors of depression at one year in a Swed-

ish population-based cohort with first-ever 

stroke. J Stroke Cerebrovasc Dis 2004;13:52-57.

18.	 	 Barker-Collo S, Feigin VL, Parag V, Lawes CM, 

Senior H. Auckland Stroke Outcomes Study. 

Part 2: Cognition and functional outcomes 5 

years poststroke. Neurology 2010;75:1608-1616.

19.	 	 Donnellan C, Hickey A, Hevey D, O’Neill D. 

Effect of mood symptoms on recovery one 

year after stroke. Int J Geriatr Psychiatry 

2010;25:1288-1295.

20.	 	 Stegenga BT, Geerlings MI, Torres-Gonzalez F, 

et al. Risk factors for onset of multiple or long 

major depressive episodes versus single and 

short episodes. Soc Psychiatry Psychiatr Epi-

demiol 2013;48:1067-1075.

21.	 	 Lerdal A, Bakken LN, Kouwenhoven SE, et al. 

Poststroke fatigue--a review. J Pain Symptom 

Manage 2009;38:928-949.

22.	 	 Duncan F, Wu S, Mead GE. Frequency and 

natural history of fatigue after stroke: a sys-

tematic review of longitudinal studies. J Psy-

chosom Res 2012;73:18-27.

23.	 	 Naess H, Lunde L, Brogger J, Waje-Andre-

assen U. Fatigue among stroke patients on 

long-term follow-up. The Bergen Stroke 

Study. J Neurol Sci 2012;312:138-141.

24.	 	 Snaphaan L, van der Werf S, de Leeuw FE. 

Time course and risk factors of post-stroke fa-

tigue: a prospective cohort study. Eur J Neu-

rol 2011;18:611-617.

25.	 	 van de Port IG, Kwakkel G, Schepers VP, Heine-

mans CT, Lindeman E. Is fatigue an indepen-

dent factor associated with activities of daily 

living, instrumental activities of daily living 

and health-related quality of life in chronic 

stroke? Cerebrovasc Dis 2007;23:40-45.

26.	 	 Waje-Andreassen U, Thomassen L, Jusufovic 

M, et al. Ischaemic stroke at a young age is 

a serious event--final results of a popula-

tion-based long-term follow-up in Western 

Norway. Eur J Neurol 2013;20:818-823.

27.	 	 Kappelle LJ, Adams HP, Jr., Heffner ML, Torner 

JC, Gomez F, Biller J. Prognosis of young 

adults with ischemic stroke. A long-term 

follow-up study assessing recurrent vascular 

events and functional outcome in the Iowa 

Registry of Stroke in Young Adults. Stroke 

1994;25:1360-1365.

28.	 	 Cao M, Ferrari M, Patella R, Marra C, Rasura 

M. Neuropsychological findings in young-

adult stroke patients. Arch Clin Neuropsychol 

2007;22:133-142.

29.	 	 Malm J, Kristensen B, Karlsson T, Carlberg B, 

Fagerlund M, Olsson T. Cognitive impairment 

in young adults with infratentorial infarcts. 

Neurology 1998;51:433-440.

30.	 	 Roding J, Glader EL, Malm J, Eriksson M, Lind-

strom B. Perceived impaired physical and 

cognitive functions after stroke in men and 

women between 18 and 55 years of age--a 

national survey. Disabil Rehabil 2009;31:1092-

1099.

31.	 	 Hochstenbach J, Prigatano G, Mulder T. Pa-

tients’ and relatives’ reports of disturbances 

9 months after stroke: subjective changes 

in physical functioning, cognition, emo-

tion, and behavior. Arch Phys Med Rehabil 

2005;86:1587-1593.

32.	 	 Naess H, Nyland HI, Thomassen L, Aarseth J, 

Myhr KM. Mild depression in young adults 

with cerebral infarction at long-term fol-

low-up: a population-based study. Eur J Neu-

rol 2005;12:194-198.

33.	 	 Naess H, Nyland HI, Thomassen L, Aarseth J, 

Myhr KM. Fatigue at long-term follow-up in 

young adults with cerebral infarction. Cere-

brovasc Dis 2005;20:245-250.

34.	 	 Andersen G, Christensen D, Kirkevold M, 

Johnsen SP. Post-stroke fatigue and return to 

work: a 2-year follow-up. Acta Neurol Scand 

2012;125:248-253.

35.	 	 Singhal AB, Biller J, Elkind MS, et al. Rec-

ognition and management of stroke in 

young adults and adolescents. Neurology 

2013;81:1089-1097.

36.	 	 Vestling M, Tufvesson B, Iwarsson S. Indicators 

for return to work after stroke and the impor-

tance of work for subjective well-being and 

life satisfaction. J Rehabil Med 2003;35:127-131.

37.	 	 Persson J, Ferraz-Nunes J, Karlberg I. Econom-

ic burden of stroke in a large county in Swe-

den. BMC Health Serv Res 2012;12:341-348.

38.	 	 Fens M, van Heugten CM, Beusmans GH, et 

al. Not as transient: patients with transient 

ischaemic attack or minor stroke experi-

ence cognitive and communication prob-

lems; an exploratory study. Eur J Gen Pract 

2013;19:11-16.

39.	 	 Pendlebury ST, Wadling S, Silver LE, Mehta Z, 

Rothwell PM. Transient cognitive impairment 

in TIA and minor stroke. Stroke 2011;42:3116-

3121.

40.	 	 Barber M, Roditi G, Stott DJ, Langhorne P. 

Poor outcome in primary intracerebral hae-

morrhage: results of a matched comparison. 

Postgrad Med J 2004;80:89-92.

41.	 	 Adamson J, Beswick A, Ebrahim S. Is stroke 

the most common cause of disability? J 

Stroke Cerebrovasc Dis 2004;13:171-177.

42.	 	 Rutten-Jacobs LC, Maaijwee NA, Arntz RM, 

et al. Risk factors and prognosis of young 

stroke. The FUTURE study: a prospective co-

hort study. Study rationale and protocol. BMC 

Neurol 2011;11:109-116.

43.	 	 Putaala J, Metso AJ, Metso TM, et al. Analysis of 

1008 consecutive patients aged 15 to 49 with 

first-ever ischemic stroke: the Helsinki young 

stroke registry. Stroke 2009;40:1195-1203.

44.	 	 Yesilot Barlas N, Putaala J, Waje-Andreassen U, 

et al. Etiology of first-ever ischaemic stroke in 

European young adults: the 15 cities young 

stroke study. Eur J Neurol 2013;20:1431-1439.

45.	 	 von Sarnowski B, Putaala J, Grittner U, et al. 

Lifestyle risk factors for ischemic stroke and 

transient ischemic attack in young adults 

in the Stroke in Young Fabry Patients study. 

Stroke 2013;44:119-125.

46.	 	 Kittner SJ, Singhal AB. Premature atheroscle-

rosis: a major contributor to early-onset isch-

emic stroke. Neurology 2013;80:1272-1273.

47.	 	 O’Donnell MJ, Xavier D, Liu L, et al. Risk fac-

tors for ischaemic and intracerebral haem-

orrhagic stroke in 22 countries (the INTER-

STROKE study): a case-control study. Lancet 

2010;376:112-123.

48.	 	 Pollock A, St George B, Fenton M, Firkins L. 

Top 10 research priorities relating to life af-

ter stroke--consensus from stroke survivors, 

caregivers, and health professionals. Int J 

Stroke 2014;9:313-320.



193192

Appendices

PART V

R

References

49.	 	 Ferro JM, Massaro AR, Mas JL. Aetiological di-

agnosis of ischaemic stroke in young adults. 

Lancet Neurol 2010;9:1085-1096.

50.	 	 Scott RM, Smith ER. Moyamoya disease 

and moyamoya syndrome. N Engl J Med 

2009;360:1226-1237.

51.	 	 Sacco S, Ricci S, Carolei A. Migraine and vas-

cular diseases: a review of the evidence and 

potential implications for management. 

Cephalalgia 2012;32:785-795.

52.	 	 Kurth T, Chabriat H, Bousser MG. Migraine and 

stroke: a complex association with clinical im-

plications. Lancet Neurol 2012;11:92-100.

53.	 	 Pezzini A, Grassi M, Lodigiani C, et al. Predic-

tors of migraine subtypes in young adults 

with ischemic stroke: the italian project on 

stroke in young adults. Stroke 2011;42:17-21.

54.	 	 Janssen AW, de Leeuw FE, Janssen MC. Risk 

factors for ischemic stroke and transient 

ischemic attack in patients under age 50. J 

Thromb Thrombolysis 2011;31:85-91.

55.	 	 Camerlingo M, Romorini A, Ferrante C, 

Valente L, Moschini L. Migraine and cere-

bral infarction in young people. Neurol Sci 

2010;31:293-297.

56.	 	 Spector JT, Kahn SR, Jones MR, Jayakumar M, 

Dalal D, Nazarian S. Migraine headache and 

ischemic stroke risk: an updated meta-analy-

sis. Am J Med 2010;123:612-624.

57.	 	 Westover AN, McBride S, Haley RW. Stroke 

in young adults who abuse amphetamines 

or cocaine: a population-based study of 

hospitalized patients. Arch Gen Psychiatry 

2007;64:495-502.

58.	 	 Phillips MC, Leyden JM, Chong WK, et al. Isch-

aemic stroke among young people aged 15 

to 50 years in Adelaide, South Australia. Med J 

Aust 2011;195:610-614.

59.	 	 Sloan MA, Kittner SJ, Feeser BR, et al. Illicit 

drug-associated ischemic stroke in the Balti-

more-Washington Young Stroke Study. Neu-

rology 1998;50:1688-1693.

60.	 	 Barber PA, Pridmore HM, Krishnamurthy V, et 

al. Cannabis, ischemic stroke, and transient 

ischemic attack: a case-control study. Stroke 

2013;44:2327-2329.

61.	 	 de los Rios F, Kleindorfer DO, Khoury J, et al. 

Trends in substance abuse preceding stroke 

among young adults: a population-based 

study. Stroke 2012;43:3179-3183.

62.	 	 Davis D, Gregson J, Willeit P, Stephan B, 

Al-Shahi Salman R, Brayne C. Patent foramen 

ovale, ischemic stroke and migraine: sys-

tematic review and stratified meta-analysis 

of association studies. Neuroepidemiology 

2013;40:56-67.

63.	 	 Meissner I, Khandheria BK, Heit JA, et al. Pat-

ent foramen ovale: innocent or guilty? Evi-

dence from a prospective population-based 

study. J Am Coll Cardiol 2006;47:440-445.

64.	 	 Di Tullio MR, Sacco RL, Sciacca RR, Jin Z, Hom-

ma S. Patent foramen ovale and the risk of 

ischemic stroke in a multiethnic population. 

J Am Coll Cardiol 2007;49:797-802.

65.	 	 Alsheikh-Ali AA, Thaler DE, Kent DM. Patent 

foramen ovale in cryptogenic stroke: inciden-

tal or pathogenic? Stroke 2009;40:2349-2355.

66.	 	 Plu-Bureau G, Hugon-Rodin J, Maitrot-Man-

telet L, Canonico M. Hormonal contracep-

tives and arterial disease: an epidemiological 

update. Best Pract Res Clin Endocrinol Metab 

2013;27:35-45.

67.	 	 Baillargeon JP, McClish DK, Essah PA, Nestler 

JE. Association between the current use of 

low-dose oral contraceptives and cardiovas-

cular arterial disease: a meta-analysis. J Clin 

Endocrinol Metab 2005;90:3863-3870.

68.	 	 Balci K, Utku U, Asil T, Celik Y. Ischemic stroke 

in young adults: risk factors, subtypes, and 

prognosis. Neurologist 2011;17:16-20.

69.	 	 Nightingale AL, Farmer RD. Ischemic stroke in 

young women: a nested case-control study 

using the UK General Practice Research Data-

base. Stroke 2004;35:1574-1578.

70.	 	 Slooter AJ, Rosendaal FR, Tanis BC, Kemmeren 

JM, van der Graaf Y, Algra A. Prothrombotic 

conditions, oral contraceptives, and the 

risk of ischemic stroke. J Thromb Haemost 

2005;3:1213-1217.

71.	 	 Chakhtoura Z, Canonico M, Gompel A, Thal-

abard JC, Scarabin PY, Plu-Bureau G. Pro-

gestogen-only contraceptives and the risk of 

stroke: a meta-analysis. Stroke 2009;40:1059-

1062.

72.	 	 Lamy C, Hamon JB, Coste J, Mas JL. Ischemic 

stroke in young women: risk of recurrence 

during subsequent pregnancies. French 

Study Group on Stroke in Pregnancy. Neurol-

ogy 2000;55:269-274.

73.	 	 Kittner SJ, Stern BJ, Feeser BR, et al. Preg-

nancy and the risk of stroke. N Engl J Med 

1996;335:768-774.

74.	 	 Tate J, Bushnell C. Pregnancy and stroke 

risk in women. Womens Health (Lond Engl) 

2011;7:363-374.

75.	 	 Treadwell SD, Thanvi B, Robinson TG. Stroke 

in pregnancy and the puerperium. Postgrad 

Med J 2008;84:238-245.

76.	 	 Grosset DG, Ebrahim S, Bone I, Warlow C. 

Stroke in pregnancy and the puerperium: 

what magnitude of risk? J Neurol Neurosurg 

Psychiatry 1995;58:129-131.

77.	 	 Schievink WI. Spontaneous dissection of the 

carotid and vertebral arteries. N Engl J Med 

2001;344:898-906.

78.	 	 Debette S, Leys D. Cervical-artery dissections: 

predisposing factors, diagnosis, and out-

come. Lancet Neurol 2009;8:668-678.

79.	 	 Fusco MR, Harrigan MR. Cerebrovascular 

dissections--a review part I: Spontaneous 

dissections. Neurosurgery 2011;68:242-257; 

discussion 257.

80.	 	 Schievink WI, Mokri B, Whisnant JP. Internal 

carotid artery dissection in a community. 

Rochester, Minnesota, 1987-1992. Stroke 

1993;24:1678-1680.

81.	 	 Lee VH, Brown RD, Jr., Mandrekar JN, Mokri B. 

Incidence and outcome of cervical artery dis-

section: a population-based study. Neurolo-

gy 2006;67:1809-1812.

82.	 	 Ji R, Schwamm LH, Pervez MA, Singhal AB. 

Ischemic stroke and transient ischemic attack 

in young adults: risk factors, diagnostic yield, 

neuroimaging, and thrombolysis. JAMA Neu-

rol 2013;70:51-57.

83.	 	 Ducros A. Reversible cerebral vasoconstriction 

syndrome. Lancet Neurol 2012;11:906-917.

84.	 	 Ducros A, Fiedler U, Porcher R, Boukobza M, 

Stapf C, Bousser MG. Hemorrhagic manifes-

tations of reversible cerebral vasoconstric-

tion syndrome: frequency, features, and risk 

factors. Stroke 2010;41:2505-2511.

85.	 	 Ferro JM. Vasculitis of the central nervous sys-

tem. J Neurol 1998;245:766-776.



195194

Appendices

PART V

R

References

86.	 	 Spengos K, Vemmos KN. Etiology and out-

come of cardioembolic stroke in young adults 

in Greece. Hellenic J Cardiol 2010;51:127-132.

87.	 	 Hamedani AG, Cole JW, Cheng Y, et al. Factor 

V leiden and ischemic stroke risk: the Genet-

ics of Early Onset Stroke (GEOS) study. J Stroke 

Cerebrovasc Dis 2013;22:419-423.

88.	 	 Hamedani AG, Cole JW, Mitchell BD, Kittner SJ. 

Meta-analysis of factor V Leiden and ischemic 

stroke in young adults: the importance of case 

ascertainment. Stroke 2010;41:1599-1603.

89.	 	 Morris JG, Singh S, Fisher M. Testing for in-

herited thrombophilias in arterial stroke: 

can it cause more harm than good? Stroke 

2010;41:2985-2990.

90.	 	 Soare AM, Popa C. Deficiencies of proteins 

C, S and antithrombin and factor V Leiden 

and the risk of ischemic strokes. J Med Life 

2010;3:235-238.

91.	 	 Boekholdt SM, Kramer MH. Arterial throm-

bosis and the role of thrombophilia. Semin 

Thromb Hemost 2007;33:588-596.

92.	 	 Fields MC, Levine SR. Thrombophilias and 

stroke: diagnosis, treatment, and prognosis. J 

Thromb Thrombolysis 2005;20:113-126.

93.	 	 Moster ML. Coagulopathies and arterial 

stroke. J Neuroophthalmol 2003;23:63-71.

94.	 	 Brey RL. Management of the neurological 

manifestations of APS--what do the trials tell 

us? Thromb Res 2004;114:489-499.

95.	 	 Oyoo O, Espinoza LR. Infection-related vascu-

litis. Curr Rheumatol Rep 2005;7:281-287.

96.	 	 Urbanus RT, Siegerink B, Roest M, Rosendaal 

FR, de Groot PG, Algra A. Antiphospholipid 

antibodies and risk of myocardial infarction 

and ischaemic stroke in young women in 

the RATIO study: a case-control study. Lancet 

Neurol 2009;8:998-1005.

97.	 	 Brey RL, Stallworth CL, McGlasson DL, et al. 

Antiphospholipid antibodies and stroke in 

young women. Stroke 2002;33:2396-2400.

98.	 	 Hill AB. The Environment and Disease: As-

sociation or Causation? Proc R Soc Med 

1965;58:295-300.

99.	 	 Grau AJ, Urbanek C, Palm F. Common infec-

tions and the risk of stroke. Nat Rev Neurol 

2010;6:681-694.

100.	 Pezzini A, Grassi M, Del Zotto E, et al. Com-

mon genetic markers and prediction of re-

current events after ischemic stroke in young 

adults. Neurology 2009;73:717-723.

101.	 Putaala J, Yesilot N, Waje-Andreassen U, et al. 

Demographic and geographic vascular risk 

factor differences in European young adults 

with ischemic stroke: the 15 cities young 

stroke study. Stroke 2012;43:2624-2630.

102.	 Rutten-Jacobs LC, Maaijwee NA, Arntz RM, et 

al. Long-term risk of recurrent vascular events 

after young stroke: The FUTURE study. Ann 

Neurol 2013;74:592-601.

103.	 Varona JF, Bermejo F, Guerra JM, Molina JA. 

Long-term prognosis of ischemic stroke in 

young adults. Study of 272 cases. J Neurol 

2004;251:1507-1514.

104.	 George MG, Tong X, Kuklina EV, Labarthe DR. 

Trends in stroke hospitalizations and associ-

ated risk factors among children and young 

adults, 1995-2008. Ann Neurol 2011;70:713-721.

105.	 Reis JP, Loria CM, Launer LJ, et al. Cardiovas-

cular health through young adulthood and 

cognitive functioning in midlife. Ann Neurol 

2013;73:170-179.

106.	 Makowski MR, Botnar RM. MR imaging of the 

arterial vessel wall: molecular imaging from 

bench to bedside. Radiology 2013;269:34-51.

107.		 Fonarow GC, Reeves MJ, Zhao X, et al. Age-re-

lated differences in characteristics, perfor-

mance measures, treatment trends, and 

outcomes in patients with ischemic stroke. 

Circulation 2010;121:879-891.

108.	 Marini C, Totaro R, De Santis F, Ciancarelli I, Bal-

dassarre M, Carolei A. Stroke in young adults 

in the community-based L’Aquila registry: in-

cidence and prognosis. Stroke 2001;32:52-56.

109.	 Putaala J, Curtze S, Hiltunen S, Tolppanen 

H, Kaste M, Tatlisumak T. Causes of death 

and predictors of 5-year mortality in young 

adults after first-ever ischemic stroke: the 

Helsinki Young Stroke Registry. Stroke 

2009;40:2698-2703.

110.	 Rutten-Jacobs LC, Arntz RM, Maaijwee 

NA, et al. Long-term mortality after stroke 

among adults aged 18 to 50 years. JAMA 

2013;309:1136-1144.

111.		 Waje-Andreassen U, Naess H, Thomassen 

L, Eide GE, Vedeler CA. Long-term mortali-

ty among young ischemic stroke patients 

in western Norway. Acta Neurol Scand 

2007;116:150-156.

112.	 Camerlingo M, Casto L, Censori B, et al. Recur-

rence after first cerebral infarction in young 

adults. Acta Neurol Scand 2000;102:87-93.

113.		 Naess H, Nyland HI, Thomassen L, Aarseth J, 

Myhr KM. Long-term outcome of cerebral in-

farction in young adults. Acta Neurol Scand 

2004;110:107-112.

114.	 Putaala J, Haapaniemi E, Metso AJ, et al. Re-

current ischemic events in young adults 

after first-ever ischemic stroke. Ann Neurol 

2010;68:661-671.

115.		 Redfors P, Jood K, Holmegaard L, Rosen-

gren A, Blomstrand C, Jern C. Stroke sub-

type predicts outcome in young and mid-

dle-aged stroke sufferers. Acta Neurol Scand 

2012;126:329-335.

116.	 Marini C, Totaro R, Carolei A. Long-term prog-

nosis of cerebral ischemia in young adults. 

National Research Council Study Group on 

Stroke in the Young. Stroke 1999;30:2320-

2325.

117.		 Tsivgoulis G, Putaala J, Sharma VK, et al. Racial 

disparities in early mortality in 1,134 young 

patients with acute stroke. Neurol Sci 2014.

118.	 Leys D, Bandu L, Henon H, et al. Clinical out-

come in 287 consecutive young adults (15 

to 45 years) with ischemic stroke. Neurology 

2002;59:26-33.

119.		 Adams RJ, Albers G, Alberts MJ, et al. Up-

date to the AHA/ASA recommendations for 

the prevention of stroke in patients with 

stroke and transient ischemic attack. Stroke 

2008;39:1647-1652.

120.	 Rodgers A, Chapman N, Woodward M, et al. 

Perindopril-based blood pressure lowering 

in individuals with cerebrovascular disease: 

consistency of benefits by age, sex and re-

gion. J Hypertens 2004;22:653-659.

121.	 Calvet D, Mas JL. Closure of patent foramen 

ovale in cryptogenic stroke: a never ending 

story. Curr Opin Neurol 2014;27:13-19.

122.	 Carroll JD, Saver JL, Thaler DE, et al. Closure 

of patent foramen ovale versus medical ther-

apy after cryptogenic stroke. N Engl J Med 

2013;368:1092-1100.



197196

Appendices

PART V

R

References

123.	 Meier B, Kalesan B, Mattle HP, et al. Percu-

taneous closure of patent foramen ovale 

in cryptogenic embolism. N Engl J Med 

2013;368:1083-1091.

124.	 Furie KL, Kasner SE, Adams RJ, et al. Guidelines 

for the prevention of stroke in patients with 

stroke or transient ischemic attack: a guide-

line for healthcare professionals from the 

american heart association/american stroke 

association. Stroke 2011;42:227-276.

125.	 Panichpisal K, Rozner E, Levine SR. The man-

agement of stroke in antiphospholipid syn-

drome. Curr Rheumatol Rep 2012;14:99-106.

126.	 Knoflach M, Matosevic B, Rucker M, et al. 

Functional recovery after ischemic stroke--a 

matter of age: data from the Austrian Stroke 

Unit Registry. Neurology 2012;78:279-285.

127.		 Spengos K, Vemmos K. Risk factors, etiol-

ogy, and outcome of first-ever ischemic 

stroke in young adults aged 15 to 45 - the 

Athens young stroke registry. Eur J Neurol 

2010;17:1358-1364.

128.	 Arntz RM, Maaijwee NA, Rutten-Jacobs LC, 

et al. Epilepsy after TIA or stroke in young 

patients impairs long-term functional out- 

come: The FUTURE Study. Neurology 2013; 

81:1907-1913.

129.	 Varona JF. Long-term prognosis of ischemic 

stroke in young adults. Stroke Res Treat 

2010;2011:879-817.

130.	 Lamy C, Domigo V, Semah F, et al. Early and 

late seizures after cryptogenic ischemic stroke 

in young adults. Neurology 2003;60:400-404.

131.	 Neau JP, Ingrand P, Mouille-Brachet C, et al. 

Functional recovery and social outcome after 

cerebral infarction in young adults. Cerebro-

vasc Dis 1998;8:296-302.

132.	 Arntz R, Rutten-Jacobs L, Maaijwee N, et 

al. Post-stroke epilepsy in young adults: 

a long-term follow-up study. PLoS One 

2013;8:e55498.

133.	 Klit H, Finnerup NB, Jensen TS. Central post-

stroke pain: clinical characteristics, patho-

physiology, and management. Lancet Neurol 

2009;8:857-868.

134.	 Naess H, Lunde L, Brogger J, Waje-Andre-

assen U. Post-stroke pain on long-term fol-

low-up: the Bergen stroke study. J Neurol 

2010;257:1446-1452.

135.	 Raffaeli W, Minella CE, Magnani F, Sarti D. 

Population-based study of central post-

stroke pain in Rimini district, Italy. J Pain Res 

2013;6:705-711.

136.	 Hansen AP, Marcussen NS, Klit H, Anders-

en G, Finnerup NB, Jensen TS. Pain follow-

ing stroke: a prospective study. Eur J Pain 

2012;16:1128-1136.

137.		 Naess H, Nyland H. Poor health-related quali-

ty of life is associated with long-term mortal-

ity in young adults with cerebral infarction. J 

Stroke Cerebrovasc Dis 2013;22:e79-83.

138.	 Hommel M, Miguel ST, Naegele B, Gonnet N, 

Jaillard A. Cognitive determinants of social 

functioning after a first ever mild to moder-

ate stroke at vocational age. J Neurol Neuro-

surg Psychiatry 2009;80:876-880.

139.	 Schaapsmeerders P, Maaijwee NA, van Dijk EJ, 

et al. Long-term cognitive impairment after 

first-ever ischemic stroke in young adults. 

Stroke 2013;44:1621-1628.

140.	 Sachdev PS, Brodaty H, Valenzuela MJ, et al. 

The neuropsychological profile of vascular 

cognitive impairment in stroke and TIA pa-

tients. Neurology 2004;62:912-919.

141.	 Gratton C, Nomura EM, Perez F, D’Esposito 

M. Focal brain lesions to critical locations 

cause widespread disruption of the modular 

organization of the brain. J Cogn Neurosci 

2012;24:1275-1285.

142.	 Ferro JM, Madureira S. Aphasia type, age 

and cerebral infarct localisation. J Neurol 

1997;244:505-509.

143.	 Kauranen T, Turunen K, Laari S, Mustanoja S, 

Baumann P, Poutiainen E. The severity of cog-

nitive deficits predicts return to work after a 

first-ever ischaemic stroke. J Neurol Neuro-

surg Psychiatry 2013;84:316-321.

144.	 Rowe F, UK VISG. Visual perceptual conse-

quences of stroke. Strabismus 2009;17:24-28.

145.	 Santos CO, Caeiro L, Ferro JM, Figueira ML. 

A study of suicidal thoughts in acute stroke 

patients. J Stroke Cerebrovasc Dis 2012; 

21:749-754.

146.	 Pompili M, Venturini P, Campi S, et al. Do 

stroke patients have an increased risk of de-

veloping suicidal ideation or dying by sui-

cide? An overview of the current literature. 

CNS Neurosci Ther 2012;18:711-721.

147.		 Krishnan KR, Hays JC, Blazer DG. MRI-de-

fined vascular depression. Am J Psychiatry 

1997;154:497-501.

148.	 Calvert T, Knapp P, House A. Psychological 

associations with emotionalism after stroke. J 

Neurol Neurosurg Psychiatry 1998;65:928-929.

149.	 van der Zee CH, Visser-Meily JM, Lindeman E, 

Jaap Kappelle L, Post MW. Participation in the 

chronic phase of stroke. Top Stroke Rehabil 

2013;20:52-61.

150.	 Tang WK, Chen YK, Mok V, et al. Acute basal 

ganglia infarcts in poststroke fatigue: an MRI 

study. J Neurol 2010;257:178-182.

151.	 Korpelainen JT, Kauhanen ML, Kemola H, 

Malinen U, Myllyla VV. Sexual dysfunc-

tion in stroke patients. Acta Neurol Scand 

1998;98:400-405.

152.	 Bugnicourt JM, Hamy O, Canaple S, Lamy C, 

Legrand C. Impaired sexual activity in young 

ischaemic stroke patients: an observational 

study. Eur J Neurol 2013.

153.	 Calabro RS, Gervasi G, Bramanti P. Male sexual 

disorders following stroke: an overview. Int J 

Neurosci 2011;121:598-604.

154.	 Roding J, Glader EL, Malm J, Lindstrom B. Life 

satisfaction in younger individuals after stroke: 

different predisposing factors among men 

and women. J Rehabil Med 2010;42:155-161.

155.	 Glozier N, Hackett ML, Parag V, Anderson CS, 

Auckland Regional Community Stroke Study 

G. The influence of psychiatric morbidity on 

return to paid work after stroke in younger 

adults: the Auckland Regional Community 

Stroke (ARCOS) Study, 2002 to 2003. Stroke 

2008;39:1526-1532.

156.	 Hannerz H, Holbaek Pedersen B, Poulsen OM, 

Humle F, Andersen LL. A nationwide prospec-

tive cohort study on return to gainful occu-

pation after stroke in Denmark 1996-2006. 

BMJ Open 2011;1:e000180.

157.		 Trygged S, Ahacic K, Kareholt I. Income and 

education as predictors of return to working 

life among younger stroke patients. BMC 

Public Health 2011;11:742-750.

158.	 Hofgren C, Bjorkdahl A, Esbjornsson E, Sun-

nerhagen KS. Recovery after stroke: cogni-



199198

Appendices

PART V

R

References

tion, ADL function and return to work. Acta 

Neurol Scand 2007;115:73-80.

159.	 Roding J, Lindstrom B, Malm J, Ohman A. 

Frustrated and invisible--younger stroke pa-

tients’ experiences of the rehabilitation pro-

cess. Disabil Rehabil 2003;25:867-874.

160.	 Hoffmann T, Bennett S, Koh CL, McKenna KT. 

Occupational therapy for cognitive impair-

ment in stroke patients. Cochrane Database 

Syst Rev 2010:CD006430.

161.	 McGeough E, Pollock A, Smith LN, et al. In-

terventions for post-stroke fatigue. Cochrane 

Database Syst Rev 2009:CD007030.

162.	 Flaster M, Sharma A, Rao M. Poststroke de-

pression: a review emphasizing the role of 

prophylactic treatment and synergy with 

treatment for motor recovery. Top Stroke Re-

habil 2013;20:139-150.

163.	 Hindfelt B, Nilsson O. Long-term prognosis of 

ischemic stroke in young adults. Acta Neurol 

Scand 1992;86:440-445.

164.	 Boers GH, Smals AG, Trijbels FJ, et al. Hetero-

zygosity for homocystinuria in premature 

peripheral and cerebral occlusive arterial dis-

ease. N Engl J Med 1985;313:709-715.

165.	 Kasner SE, Chalela JA, Luciano JM, et al. Re-

liability and validity of estimating the NIH 

stroke scale score from medical records. 

Stroke 1999;30:1534-1537.

166.	 Proposal for revised clinical and electroen-

cephalographic classification of epileptic sei-

zures. From the Commission on Classification 

and Terminology of the International League 

Against Epilepsy. Epilepsia 1981;22:489-501.

167.		 Hochstenbach J, Mulder T, van Limbeek J, 

Donders R, Schoonderwaldt H. Cognitive 

decline following stroke: a comprehensive 

study of cognitive decline following stroke. J 

Clin Exp Neuropsychol 1998;20:503-517.

168.	 Weuve J, Kang JH, Manson JE, Breteler MM, 

Ware JH, Grodstein F. Physical activity, includ-

ing walking, and cognitive function in older 

women. Jama 2004;292:1454-1461.

169.	 Bots ML, van der Wilk EC, Koudstaal PJ, 

Hofman A, Grobbee DE. Transient neurolog-

ical attacks in the general population. Prev-

alence, risk factors, and clinical relevance. 

Stroke 1997;28:768-773.

170.	 de Leeuw FE, de Groot JC, Oudkerk M, et al. 

Atrial fibrillation and the risk of cerebral white 

matter lesions. Neurology 2000;54:1795-1801.

171.	 de Leeuw FE, de Groot JC, Oudkerk M, et al. 

Hypertension and cerebral white matter 

lesions in a prospective cohort study. Brain 

2002;125:765-772.

172.	 Ott A, Stolk RP, van Harskamp F, Pols HA, 

Hofman A, Breteler MM. Diabetes mellitus 

and the risk of dementia: The Rotterdam 

Study. Neurology 1999;53:1937-1942.

173.	 Classification and diagnostic criteria for head-

ache disorders, cranial neuralgias and facial 

pain. Headache Classification Committee of 

the International Headache Society. Cepha-

lalgia 1988;8 Suppl 7:1-96.

174.	 de Groot JC, de Leeuw FE, Oudkerk M, et al. 

Cerebral white matter lesions and cognitive 

function: the Rotterdam Scan Study. Ann 

Neurol 2000;47:145-151.

175.	 Moller JT, Cluitmans P, Rasmussen LS, et al. 

Long-term postoperative cognitive dys-

function in the elderly ISPOCD1 study. IS-

POCD investigators. International Study of 

Post-Operative Cognitive Dysfunction. Lan-

cet 1998;351:857-861.

176.	 Folstein MF, Folstein SE, McHugh PR. 

“Mini-mental state”. A practical method for 

grading the cognitive state of patients for the 

clinician. J Psychiatr Res 1975;12:189-198.

177.		 Van der Elst W, van Boxtel MP, van Breukelen 

GJ, Jolles J. Rey’s verbal learning test: norma-

tive data for 1855 healthy participants aged 

24-81 years and the influence of age, sex, 

education, and mode of presentation. J Int 

Neuropsychol Soc 2005;11:290-302.

178.	 Osterrieth P. Le test de copie d’une figure 

complexe: Contribution a l’ étude de la per-

ception et de la mémoire. Arch de Psycholo-

gie 1944;30:206-353.

179.	 Houx PJ, Jolles J, Vreeling FW. Stroop inter-

ference: aging effects assessed with the 

Stroop Color-Word Test. Exp Aging Res 1993; 

19:209-224.

180.	 Lezak M, ed. Neuropsychologic assesment. 

New York: Oxford University Press, 1976.

181.	 Sternberg S. Memory-scanning: mental 

processes revealed by reaction time experi-

ments. Am Sci 1969;57:421-457.

182.	 Mahurin RKCN. Verbal Series Attention Test: 

Clinical utility in the assessment of dementia. 

Clinical Neuropsychologist 1996;10:43-53.

183.	 Broadbent DE, Cooper PF, FitzGerald P, Park-

es KR. The Cognitive Failures Questionnaire 

(CFQ) and its correlates. Br J Clin Psychol 

1982;21 (Pt 1):1-16.

184.	 de Groot JC, de Leeuw FE, Oudkerk M, 

Hofman A, Jolles J, Breteler MM. Cerebral 

white matter lesions and depressive symp-

toms in elderly adults. Arch Gen Psychiatry 

2000;57:1071-1076.

185.	 Sheehan DV, Lecrubier Y, Sheehan KH, et al. 

The Mini-International Neuropsychiatric In-

terview (M.I.N.I.): the development and vali-

dation of a structured diagnostic psychiatric 

interview for DSM-IV and ICD-10. J Clin Psy-

chiatry 1998;59 Suppl 20:22-33;quiz 34-57.

186.	 Radloff S. The CES-D Scale: A self-report 

depression-scale for research in the gen-

eral population. Appl Psychol Measurem 

1977:385-401.

187.	 Zigmond AS, Snaith RP. The hospital anxiety 

and depression scale. Acta Psychiatr Scand 

1983;67:361-370.

188.	 Thompson CJ, Ryu JE, Craven TE, Kahl FR, 

Crouse JR. Central adipose distribution is re-

lated to coronary atherosclerosis. Arterioscle-

rosis and Thrombosis 1991;11:327-333.

189.	 Tinetti ME. Performance-oriented assess-

ment of mobility problems in elderly pa-

tients. J Am Geriatr Soc 1986;34:119-126.

190.	 Podsiadlo D, Richardson S. The timed “Up 

& Go”: a test of basic functional mobility 

for frail elderly persons. J Am Geriatr Soc 

1991;39:142-148.

191.	 Mahoney FI, Barthel DW. Functional Eval-

uation: the Barthel Index. Md State Med J 

1965;14:61-65.

192.	 Lawton MP, Brody EM. Assessment of older 

people: self-maintaining and instrumen-

tal activities of daily living. Gerontologist 

1969;9:179-186.

193.	 Vercoulen JH, Swanink CM, Fennis JF, Galama 

JM, van der Meer JW, Bleijenberg G. Dimen-

sional assessment of chronic fatigue syn-

drome. J Psychosom Res 1994;38:383-392.



201200

Appendices

PART V

R

References

194.	 Razavi D, Gandek B. Testing Dutch and French 

translations of the SF-36 Health Survey 

among Belgian angina patients. J Clin Epide-

miol 1998;51:975-981.

195.	 Ware JE, Jr., Sherbourne CD. The MOS 36-item 

short-form health survey (SF-36). I. Conceptu-

al framework and item selection. Med Care 

1992;30:473-483.

196.	 EuroQol--a new facility for the measurement 

of health-related quality of life. The EuroQol 

Group. Health Policy 1990;16:199-208.

197.		 Duncan PW, Bode RK, Min Lai S, Perera S, Gly-

cine Antagonist in Neuroprotection Ameri-

cans I. Rasch analysis of a new stroke-specific 

outcome scale: the Stroke Impact Scale. Arch 

Phys Med Rehabil 2003;84:950-963.

198.	 Brugha TS, Cragg D. The List of Threatening 

Experiences: the reliability and validity of a 

brief life events questionnaire. Acta Psychiatr 

Scand 1990;82:77-81.

199.	 Wendelhag I, Liang Q, Gustavsson T, Wik-

strand J. A new automated computerized 

analyzing system simplifies readings and 

reduces the variability in ultrasound mea-

surement of intima-media thickness. Stroke 

1997;28:2195-2200.

200.	 Adams HP, Kappelle LJ, Biller J, et al. Isch-

emic Stroke in Young-Adults - Experience 

in 329 Patients Enrolled in the Iowa Regis-

try of Stroke in Young-Adults. Arch Neurol 

1995;52:491-495.

201.	 Jacobs BS, Boden-Albala B, Lin IF, Sacco RL. 

Stroke in the young in the northern Manhat-

tan stroke study. Stroke 2002;33:2789-2793.

202.	 Kittner SJ, Stern BJ, Wozniak M, et al. Cere-

bral infarction in young adults: the Balti-

more-Washington Cooperative Young Stroke 

Study. Neurology 1998;50:890-894.

203.	 Naess H, Nyland HI, Thomassen L, Aarseth 

J, Nyland G, Myhr KM. Incidence and short-

term outcome of cerebral infarction in 

young adults in western Norway. Stroke 

2002;33:2105-2108.

204.	 Qureshi AI, Safdar K, Patel M, Janssen RS, 

Frankel MR. Stroke in young black patients. 

Risk factors, subtypes, and prognosis. Stroke 

1995;26:1995-1998.

205.	 Hochstenbach JB, den Otter R, Mulder TW. 

Cognitive recovery after stroke: a 2-year 

follow-up. Arch Phys Med Rehabil 2003; 

84:1499-1504.

206.	 Rasquin SM, Lodder J, Verhey FR. Predictors 

of reversible mild cognitive impairment after 

stroke: a 2-year follow-up study. J Neurol Sci 

2005;229-230:21-25.

207.	 Yogev G, Giladi N, Peretz C, Springer S, Simon 

ES, Hausdorff JM. Dual tasking, gait rhythmic-

ity, and Parkinson’s disease: which aspects of 

gait are attention demanding? Eur J Neurosci 

2005;22:1248-1256.

208.	 Verhage F. Intelligentie en leeftijd bij volwas-

senen en bejaarden [English: Intelligence and 

age in adults]: Van Gorcum, Assen, 1964.

209.	 Prins JB, Elving LD, Koning H, Bleijenberg G, 

van der Meer JW. Diagnosing chronic fatigue 

syndrome: comparison of a protocol and 

computerised questionnaires. Neth J Med 

2003;61:120-126.

210.	 Mahoney FI, Barthel DW. Functional Eval-

uation: The Barthel Index. Md State Med J 

1965;14:61-65.

211.		 Akhoundi FH, Ghorbani A, Soltani A, Meysamie 

A. Favorable functional outcomes in acute 

ischemic stroke patients with subclinical hy-

pothyroidism. Neurology 2011;77:349-354.

212.	 Adams HP, Jr., Bendixen BH, Kappelle LJ, et al. 

Classification of subtype of acute ischemic 

stroke. Definitions for use in a multicenter 

clinical trial. TOAST. Trial of Org 10172 in Acute 

Stroke Treatment. Stroke 1993;24:35-41.

213.	 Brott T, Adams HP, Jr., Olinger CP, et al. Mea-

surements of acute cerebral infarction: a clin-

ical examination scale. Stroke 1989;20:864-870.

214.	 Williams LS, Yilmaz EY, Lopez-Yunez AM. 

Retrospective assessment of initial stroke 

severity with the NIH Stroke Scale. Stroke 

2000;31:858-862.

215.	 Clark-Carter D. Doing quantitative psycho-

logical research : from design to report. Hove, 

East Sussex, UK: Psychology Press, 1997.

216.	 Hedden T, Gabrieli JDE. Insights into the 

ageing mind: A view from cognitive neu-

roscience. Nature Reviews Neuroscience 

2004;5:87-U12.

217.		 StatisticsNetherlands. Available at: http://

www.cbs.nl. Accessed Accessed 2013 Febru-

ary 8.

218.	 van Norden AG, van den Berg HA, de Laat 

KF, Gons RA, van Dijk EJ, de Leeuw FE. Fron-

tal and temporal microbleeds are related to 

cognitive function: the Radboud University 

Nijmegen Diffusion Tensor and Magnetic 

Resonance Cohort (RUN DMC) Study. Stroke 

2011;42:3382-3386.

219.	 Nys GM, van Zandvoort MJ, de Kort PL, Jansen 

BP, Kappelle LJ, de Haan EH. Restrictions of the 

Mini-Mental State Examination in acute stroke. 

Arch Clin Neuropsychol 2005;20:623-629.

220.	 van Norden AG, van Dijk EJ, de Laat KF, Schel-

tens P, Olderikkert MG, de Leeuw FE. Demen-

tia: Alzheimer pathology and vascular factors: 

from mutually exclusive to interaction. Bio-

chim Biophys Acta 2012;1822:340-349.

221.	 Snaphaan L, Rijpkema M, van Uden I, Fernan-

dez G, de Leeuw FE. Reduced medial tem-

poral lobe functionality in stroke patients: 

a functional magnetic resonance imaging 

study. Brain 2009;132:1882-1888.

222.	 Jaillard A, Naegele B, Trabucco-Miguel S, LeB-

as JF, Hommel M. Hidden dysfunctioning in 

subacute stroke. Stroke 2009;40:2473-2479.

223.	 Knoflach M, Matosevic B, Rucker M, et al. 

Functional recovery after ischemic stroke-A 

matter of age Data from the Austrian Stroke 

Unit Registry. Neurology 2012;78:279-285.

224.	 Mitchell AJ. The clinical significance of sub-

jective memory complaints in the diagnosis 

of mild cognitive impairment and demen-

tia: a meta-analysis. Int J Geriatr Psychiatry 

2008;23:1191-1202.

225.	 Juncos-Rabadan O, Pereiro AX, Facal D, et al. 

Prevalence and correlates of cognitive im-

pairment in adults with subjective memory 

complaints in primary care centres. Dement 

Geriatr Cogn Disord 2012;33:226-232.

226.	 Luijendijk HJ, Stricker BH, Wieberdink RG, et 

al. Transient ischemic attack and incident de-

pression. Stroke 2011;42:1857-1861.

227.	 de Groot JC, de Leeuw FE, Oudkerk M, 

Hofman A, Jolles J, Breteler MM. Cerebral 

white matter lesions and subjective cogni-

tive dysfunction: the Rotterdam Scan Study. 

Neurology 2001;56:1539-1545.

228.	 van Norden AG, Fick WF, de Laat KF, et al. Sub-



203202

Appendices

PART V

R

References

jective cognitive failures and hippocampal 

volume in elderly with white matter lesions. 

Neurology 2008;71:1152-1159.

229.	 Verhage F. Intelligentie en leeftijd: onderzoek 

bij Nederlanders van twaalf tot zevenen-

zeventig jaar [Intelligence and age: Study 

with Dutch people from age 12 to 77]: Assen: 

van Gorcum, 1964.

230.	 Snaith RP. The Hospital Anxiety And De-

pression Scale. Health Qual Life Outcomes 

2003;1:29-32.

231.	 Rolfs A, Fazekas F, Grittner U, et al. Acute 

cerebrovascular disease in the young: the 

Stroke in Young Fabry Patients study. Stroke 

2013;44:340-349.

232.	 Piquard A, Derouesne C, Lacomblez L, Le 

Poncin M. Stressful events and severity of 

memory complaints in cognitively normal 

adults aged from 25 to 85 years. Geriatr Psy-

chol Neuropsychiatr Vieil 2012;10:187-196.

233.	 Aben I, Verhey F, Lousberg R, Lodder J, Honig 

A. Validity of the beck depression inventory, 

hospital anxiety and depression scale, SCL-

90, and hamilton depression rating scale as 

screening instruments for depression in stroke 

patients. Psychosomatics 2002;43:386-393.

234.	 Tiemeier H, van Dijck W, Hofman A, Witteman 

JC, Stijnen T, Breteler MM. Relationship be-

tween atherosclerosis and late-life depres-

sion: the Rotterdam Study. Arch Gen Psychi-

atry 2004;61:369-376.

235.	 Terroni L, Amaro E, Iosifescu DV, et al. Stroke 

lesion in cortical neural circuits and post-

stroke incidence of major depressive epi-

sode: a 4-month prospective study. World J 

Biol Psychiatry 2011;12:539-548.

236.	 Alcalar N, Ozkan S, Kucucuk S, Aslay I, Ozkan 

M. Association of coping style, cognitive 

errors and cancer-related variables with de-

pression in women treated for breast cancer. 

Jpn J Clin Oncol 2012;42:940-947.

237.	 Nys GM, van Zandvoort MJ, van der Worp 

HB, de Haan EH, de Kort PL, Kappelle LJ. Early 

depressive symptoms after stroke: neuropsy-

chological correlates and lesion characteris-

tics. J Neurol Sci 2005;228:27-33.

238.	 Naess H, Waje-Andreassen U, Thomassen L, 

Nyland H, Myhr KM. Health-related quality 

of life among young adults with ischemic 

stroke on long-term follow-up. Stroke 2006;  

37:1232-1236.

239.	 Moran GM, Fletcher B, Feltham MG, Calvert M, 

Sackley C, Marshall T. Fatigue, psychological 

and cognitive impairment following transient 

ischaemic attack and minor stroke: a system-

atic review. Eur J Neurol 2014.

240.	 Wu S, Barugh A, Macleod M, Mead G. Psycho-

logical associations of poststroke fatigue: a 

systematic review and meta-analysis. Stroke 

2014;45:1778-1783.

241.	 Alberts M, Smets EM, Vercoulen JH, Gars-

sen B, Bleijenberg G. [‘Abbreviated fatigue 

questionnaire’: a practical tool in the classi-

fication of fatigue]. Ned Tijdschr Geneeskd 

1997;141:1526-1530.

242.	 Winward C, Sackley C, Metha Z, Rothwell PM. 

A population-based study of the prevalence 

of fatigue after transient ischemic attack and 

minor stroke. Stroke 2009;40:757-761.

243.	 Naess H, Lunde L, Brogger J. The triad of pain, 

fatigue and depression in ischemic stroke pa-

tients: the Bergen Stroke Study. Cerebrovasc 

Dis 2012;33:461-465.

244.	 Lerdal A, Gay CL. Fatigue in the acute phase af-

ter first stroke predicts poorer physical health 

18 months later. Neurology 2013;81:1581-1587.

245.	 Johansson B, Ronnback L. Mental fatigue and 

cognitive impairment after an almost neu-

rological recovered stroke. ISRN Psychiatry 

2012;2012:686425.

246.	 Clarke A, Barker-Collo SL, Feigin VL. Poststroke 

fatigue: does group education make a differ-

ence? A randomized pilot trial. Top Stroke Re-

habil 2012;19:32-39.

247.	Johansson B, Bjuhr H, Ronnback L. Mindful-

ness-based stress reduction (MBSR) improves 

long-term mental fatigue after stroke or trau-

matic brain injury. Brain Inj 2012;26:1621-1628.

248.	 Zedlitz AM, Rietveld TC, Geurts AC, Fasot-

ti L. Cognitive and graded activity training 

can alleviate persistent fatigue after stroke: 

a randomized, controlled trial. Stroke 2012; 

43:1046-1051.

249.	 Karaiskos D, Tzavellas E, Spengos K, Vassi-

lopoulou S, Paparrigopoulos T. Duloxetine 

versus citalopram and sertraline in the treat-

ment of poststroke depression, anxiety, and 

fatigue. J Neuropsychiatry Clin Neurosci 2012; 

24:349-353.

250.	 Brainin M, Pinter M. Poststroke fatigue: a hint, 

but no definite word on therapy yet. Stroke 

2012;43:933-934.

251.	 Choi-Kwon S, Choi J, Kwon SU, Kang DW, Kim 

JS. Fluoxetine is not effective in the treat-

ment of post-stroke fatigue: a double-blind, 

placebo-controlled study. Cerebrovasc Dis 

2007;23:103-108.

252.	 Ikram MA, Wieberdink RG, Koudstaal PJ. Inter-

national epidemiology of intracerebral hem-

orrhage. Curr Atheroscler Rep 2012;14:300-306.

253.	 Rutten-Jacobs LC, Maaijwee NA, Arntz RM, 

et al. Clinical characteristics and outcome of 

intracerebral hemorrhage in young adults. J 

Neurol 2014;261:2143-2149.

254.	 Nencini P, Inzitari D, Baruffi MC, et al. Inci-

dence of stroke in young adults in Florence, 

Italy. Stroke 1988;19:977-981.

255.	 van Asch CJ, Luitse MJ, Rinkel GJ, van der Tweel 

I, Algra A, Klijn CJ. Incidence, case fatality, and 

functional outcome of intracerebral haemor-

rhage over time, according to age, sex, and 

ethnic origin: a systematic review and me-

ta-analysis. Lancet Neurol 2010;9:167-176.

256.	 Garcia PY, Roussel M, Bugnicourt JM, et al. 

Cognitive impairment and dementia after 

intracerebral hemorrhage: a cross-section-

al study of a hospital-based series. J Stroke 

Cerebrovasc Dis 2013;22:80-86.

257.	 Bhalla A, Wang Y, Rudd A, Wolfe CD. Differ-

ences in outcome and predictors between 

ischemic and intracerebral hemorrhage: 

the South London Stroke Register. Stroke 

2013;44:2174-2181.

258.	 Chausson N, Olindo S, Cabre P, Saint-Vil M, 

Smadja D. Five-year outcome of a stroke co-

hort in Martinique, French West Indies: Etude 

Realisee en Martinique et Centree sur l’Inci-

dence des Accidents vasculaires cerebraux, 

Part 2. Stroke 2010;41:594-599.

259.	 Nys GM, van Zandvoort MJ, de Kort PL, 

Jansen BP, de Haan EH, Kappelle LJ. Cogni-

tive disorders in acute stroke: prevalence 

and clinical determinants. Cerebrovasc Dis 

2007;23:408-416.



205204

Appendices

PART V

R

References

260.	 Schepers VP, Ketelaar M, Visser-Meily AJ, de 

Groot V, Twisk JW, Lindeman E. Function-

al recovery differs between ischaemic and 

haemorrhagic stroke patients. J Rehabil Med 

2008;40:487-489.

261.	 Aho K, Harmsen P, Hatano S, Marquardsen 

J, Smirnov VE, Strasser T. Cerebrovascular 

disease in the community: results of a WHO 

collaborative study. Bull World Health Organ 

1980;58:113-130.

262.	 Hatano S. Experience from a multicentre 

stroke register: a preliminary report. Bull 

World Health Organ 1976;54:541-553.

263.	 Su CY, Chen HM, Kwan AL, Lin YH, Guo NW. 

Neuropsychological impairment after hem-

orrhagic stroke in basal ganglia. Arch Clin 

Neuropsychol 2007;22:465-474.

264.	 Su CY, Chang JJ, Chen HM, Su CJ, Chien TH, 

Huang MH. Perceptual differences between 

stroke patients with cerebral infarction and 

intracerebral hemorrhage. Arch Phys Med 

Rehabil 2000;81:706-714.

265.	 Qureshi AI, Tuhrim S, Broderick JP, Batjer HH, 

Hondo H, Hanley DF. Spontaneous intracere-

bral hemorrhage. N Engl J Med 2001;344:1450-

1460.

266.	 Katrak PH, Black D, Peeva V. Do stroke patients 

with intracerebral hemorrhage have a better 

functional outcome than patients with cere-

bral infarction? PM R 2009;1:427-433.

267.	 Gandolfo C, Conti M. Stroke in young adults: 

epidemiology. Neurol Sci 2003;24 Suppl 1:S1-3.

268.	 Teasell RW, McRae MP, Finestone HM. So-

cial issues in the rehabilitation of younger 

stroke patients. Arch Phys Med Rehabil 2000;  

81:205-209.

269.	 Saeki S, Ogata H, Okubo T, Takahashi K, 

Hoshuyama T. Return to work after stroke. A 

follow-up study. Stroke 1995;26:399-401.

270.	 Employment and social services [online]. 

Available at: http://www.cbs.nl/nl-NL/menu/

themas/arbeid-sociale-zekerheid/cijfers/de-

fault.htm. Accessed 2/24/2014.

271.	 Disability benefit/fully and enduring [online]. 

Available at: http://www.arbeidsongeschik-

theid.org/volledig-duurzaam.htm. Accessed 

2/24/2014.

272.	 Disability benefit/partial or temporary [on-

line]. Available at: http://www.arbeidson-

geschiktheid.org/gedeeltelijk-tijdelijk.htm. 

Accessed 2/24/2014.

273.	 Elias P. Occupational Classification (ISCO-88): 

Concepts, Methods, Reliability, Validity and 

Cross-National Comparability: OECD Pub-

lishing, 1997.

274.	 Educational attainment in the adult popula-

tion [online]. Available at: https://skills.oecd.

org/developskills/documents/12aeducation-

alattainmentintheadultpopulation2009.html. 

Accessed 2/24/2014.

275.	 Maaijwee NA, Rutten-Jacobs LC, Schaaps-

meerders P, van Dijk EJ, de Leeuw FE. Isch-

aemic stroke in young adults: risk factors and 

long-term consequences. Nat Rev Neurol 

2014;10:315-325.

276.	 Henderson JG, Jr., Pollard CA. Prevalence 

of various depressive symptoms in a sam-

ple of the general population. Psychol Rep 

1992;71:208-210.

277.	 Ruiz-Sanchez de Leon JM, Llanero-Luque 

M, Lozoya-Delgado P, Fernandez-Blazquez 

MA, Pedrero-Perez EJ. [Neuropsychological 

study of young adults with subjective mem-

ory complaints: involvement of the executive 

functions and other associated frontal symp-

toms]. Rev Neurol 2010;51:650-660.

278.	 Stenfors CU, Magnusson Hanson L, Oxen-

stierna G, Theorell T, Nilsson LG. Psychoso-

cial working conditions and cognitive com-

plaints among Swedish employees. PLoS One 

2013;8:e60637.

279.	 Rothman KJ GS, Lash TL. Modern epidemiolo-

gy, 3rd edition ed. Philadelphia: Wolters Kluw-

er Health/Lippincott Williams & Wilkins, 2008.

280.	 Reeves MJ, Bushnell CD, Howard G, et al. Sex 

differences in stroke: epidemiology, clinical 

presentation, medical care, and outcomes. 

Lancet Neurol 2008;7:915-926.

281.	 Ferro JM, Crespo M. Prognosis after transient 

ischemic attack and ischemic stroke in young 

adults. Stroke 1994;25:1611-1616.



207206

Appendices

PART V

D

Acknowledgements | Dankwoord

Acknowledgements / Dankwoord

Allereerst wil ik alle deelnemers aan het onderzoek heel hartelijk danken. Door hun vrij-

willige deelname aan dit onderzoek, konden we de uitgebreide informatie verzamelen 

die de studies in dit proefschrift mogelijk maken.

Frank-Erik, ik wil je bedanken voor de mogelijkheid die je me gaf om in een reeds suc-

cesvol team onderzoek te komen doen. Ik ben je zeer dankbaar voor de manier waarop 

je me door dit project heen hebt gecoacht; intensieve begeleiding in drukke tijden 

of een intervaltraining als de opleiding op de eerste plek kwam (en met hulp van wat 

m&m’s op z’n tijd). 

Ewoud, je objectieve kijk op de gebruikte methoden en interpretatie van data waren 

een waardevolle aanvulling. Dank daarvoor. 

Michèl, dank voor je enthousiasme, om ook de laatste fase van dit promotietraject suc-

cesvol te volbrengen.

Prof. Padberg, uw enthousiasme voor het vak en oprechte verbazing over zeldzame, 

maar evengoed vaak voorkomende neurologische verschijnselen hebben mijn over-

tuiging nog sterker gemaakt, dat ‘Neurologie’ het leukste vak van de wereld is. Hartelijk 

dank voor de kans om binnen de opleiding ook te kunnen promoveren. 

Arnoud, ook jou wil ik bedanken, omdat je de tijd voor dit promotie-onderzoek ook 

praktisch wist in te plannen in het rooster. Dank voor je interesse en het feit dat je een 

oogje in het zeil blijft houden om de balans tussen opleiding, onderzoek en vrije tijd 

te bewaken.

Lieve Loes. Samen begonnen aan een project, waarvan we denk ik allebei geen idee 

hadden hoe groot het was. We vormen samen een goed team en vullen elkaar aan 

waar nodig, al was het alleen al in het afwisselen van avonden en weekenden door-

werken om alle deelnemers te onderzoeken en te scannen. Dank voor deze samenwer-

king, maar vooral ook voor je vriendschap. Wat fijn dat je naast me staat als paranimf!

Lieve Linda, vanaf 4VWO hebben we altijd al samen kunnen sparren over carrière ambi-

ties, persoonlijke ontwikkeling, reizen, (gevraagde of ongevraagde) psychoanalyses, of 

onmogelijke biologieleraren. Dank dat jij naast me wil staan als paranimf!



209208

Appendices

PART V

CV

Curriculum Vitae

Renate, al vanaf het allereerste begin bij FUTURE betrokken, maar met nog een frisse 

blik begon je iets later aan je eigen promotietraject. Dank dat je de laatste loodjes van 

de dataverzameling mee op je hebt genomen, die wegen toch het zwaarst. 

Pauline, iets later betrokken geraakt bij het onderzoek, eerst als student en later als pro-

movenda. Dank voor de fijne samenwerking, waarin ik dankbaar gebruik mocht maken 

van je expertise vanuit de psychologie. 

Ook wil ik de medewerkers op de polikliniek hartelijk bedanken voor hun hulp bij de da-

ta-verzameling, Emely Klessens-Verkuylen als ‘full-time onderzoeksassistent’, maar ook 

Karin Kanselaar, Yvonne Cornelissen, Anneke Pelgröm, Sharon Romviel en alle stagaires 

die altijd flexibel waren om te ondersteunen wanneer nodig. Dank ook aan iedereen 

op de verschillende laboratoria en administratieve ondersteuning die van logistieke 

onmogelijkheden, logistieke uitdagingen wisten te maken (Sylvia Spaan, Paul Gaalman, 

medewerkers van de KNF, archiefmedewerkers, de studentassistenten, en iedereen die 

ik nog vergeten ben).

Alle mede-auteurs van de manuscripten wil ik hartelijk danken voor hun bijdrage aan 

de verschillende studies in dit proefschrift.

Mijn collega’s op de onderzoekerskamer op de tweede verdieping, Merel, Femke, Wil-

lemijn, Saskia, Karlien en tijdens het laatste staartje Michiel en Anke, en collega’s van de 

vasculaire groep (Mayte, Inge, Ellen, Frank, Anil, Joyce, Esther) dank ik voor hun gezellig-

heid en discussies over ‘de wetenschap’ en ‘de Mol’.  

Lieve familie, schoonfamilie en vrienden, hier ligt dan eindelijk een tastbaar resultaat 

van mijn onderzoek. Bedankt voor jullie nooit aflatende interesse en vertrouwen in de 

voortgang ervan. En dank voor het begrip voor alle keren dat jullie agenda’s moesten 

worden aangepast aan die van mij. 

Lieve Ja(n)-Pie(ter), grote broer /goede vriend, wat fijn dat ik altijd bij je terecht kan 

voor adviezen, goed gesprek, of gewoon een borrel in de tuin. Ik hoop samen met jou,  

Maura, Melle en Mirte nog veel te leren over dinosauriërs en nog veel meer.

Lieve papa en mama, eigenlijk horen jullie op de kaft van dit boekje, met ‘mede mo-

gelijk gemaakt door’. Jullie hebben mij geleerd dat er altijd een weg is om je dromen 

en ambities waar te maken. Bedankt voor jullie onvoorwaardelijke vertrouwen en trots. 

Lieve Danny,  		 “…let the music play…”

Curriculum Vitae

Noortje Maaijwee was born on April 27th, 1983 in Waalwijk, The Netherlands. 

She attended the gymnasium at the Dr. Mollercollege in Waalwijk and graduated cum 

laude in 2001. That year she started medical school at the Radboud University of Nij-

megen. She did a research internship at the department of Psychiatry of the Radboud 

University Nijmegen Medical Centre on ‘Genetic predictors of relapse after detoxifica-

tion of alcohol addiction’.

After a senior internship at the department of Neurology at the Rijnstate hospital in 

Arnhem, she started there as a resident in neurology from October 2007 until March 

2008. 

In April 2008, she started working as a resident in neurology at the Radboud University 

Nijmegen Medical Centre, head of department Prof. dr. GWAM Padberg, and started 

her specialisation in August 2008. 

In 2009, she started the PhD-project, resulting in this thesis, together with Loes Rut-

ten-Jacobs, under supervision of Dr. Frank-Erik de Leeuw. 

She hopes to finish her specialisation in 2016.



211210

Appendices

PART V

P

List of publications

List of publications

Schaapsmeerders P, van Uden IW, Tuladhar AM, Maaijwee NA, van Dijk EJ, Rutten-Ja-

cobs LC, Arntz RM, Schoonderwaldt HC, Dorresteijn LD, de Leeuw FE, Kessels RP. Ipsi-

lateral hippocampal atrophy is associated with long-term memory dysfunction after 

ischemic stroke in young adults. Hum Brain Mapp. 2015 Mar 10; doi: 10.1002/hbm.22782. 

[Epub ahead of print]

Rutten-Jacobs LC, Arntz RM, Maaijwee NA, Schoonderwaldt HC, Dorresteijn LD, van 

Dijk EJ, de Leeuw, FE. Cardiovascular disease is the main cause of long-term excess 

mortality after ischemic stroke in young adults. Hypertension. 2015 Mar; 65(3): 670-5.

Maaijwee NA, Arntz RM, Rutten-Jacobs LC, Schaapsmeerders P, Schoonderwaldt HC, 

van Dijk EJ, de Leeuw FE. Post-stroke fatigue and its association with poor functional 

outcome after stroke in young adults. J Neurol Neurosurg Psychiatry. 2014 Oct 31; [Epub 

ahead of print].

Rutten-Jacobs LC, Maaijwee NA, Arntz RM, Schoonderwaldt HC, Dorresteijn LD, van 

Dijk EJ, de Leeuw FE. Clinical characteristics and outcome of intracerebral hemorrhage 

in young adults. J Neurol. 2014 Nov; 261(11): 2143-9.

Maaijwee NA, Rutten-Jacobs LC, Arntz RM, Schaapsmeerders P, Schoonderwaldt HC, 

Van Dijk EJ, De Leeuw FE. Long-term increased risk of unemployment after young 

stroke: a long-term follow-up study. Neurology. 2014 Sep 23; 83(13):1132-8.

van Rooij FG, Schaapsmeerders P, Maaijwee NA, van Duijnhoven DA, de Leeuw FE, 

Kessels RP, van Dijk EJ. Persistent cognitive impairment after transient ischemic attack. 

Stroke. 2014 Aug; 45(8):2270-4.

Maaijwee NA, Rutten-Jacobs LC, Schaapsmeerders P, van Dijk EJ, de Leeuw FE. Isch-

aemic stroke in young adults: risk factors and long-term consequences. Nat Rev Neurol. 

2014 Jun; 10(6):315-25.

Maaijwee NA, Schaapsmeerders P, Rutten-Jacobs LC, Arntz RM, Schoonderwaldt HC, van 

Dijk EJ, Kessels RP, de Leeuw FE. Subjective cognitive failures after stroke in young adults: 

prevalent but not related to cognitive impairment. J Neurol. 2014 Jul; 261(7):1300-8.



213212

Appendices

PART V

P

List of publications

Synhaeve NE, Arntz RM, Maaijwee NA, Rutten-Jacobs LC, Schoonderwaldt HC, Dor-

resteijn LD, de Kort PL, van Dijk EJ, de Leeuw FE. Poor long-term functional outcome 

after stroke among adults aged 18-50 years: Follow-Up of Transient Ischemic Attack and 

Stroke Patients and Unelucidated Risk Factor Evaluation (FUTURE) study. Stroke. 2014 

Apr;45(4):1157-60.

Rutten-Jacobs LC, Keurlings PA, Arntz RM, Maaijwee NA, Schoonderwaldt HC, Dorrest-

eijn LD, van der Vlugt MJ, van Dijk EJ, de Leeuw FE. High incidence of diabetes after 

stroke in young adults and risk of recurrent vascular events: The FUTURE Study. PLoS 

One. 2014 Jan 23;9(1):e87171.

Arntz RM, Maaijwee NA, Rutten-Jacobs LC, Schoonderwaldt HC, Dorresteijn LD, van 

Dijk EJ, de Leeuw FE. Epilepsy after a young TIA or stroke impairs long-term functional 

outcome. The FUTURE study. Neurology. 2013 Nov26;81(22):1907-13.

Yesilot Barlas N, Putaala J, Waje-Andreassen U, Vassilopoulou S, Nardi K, Odier C, Hofgart 

G, Engelter S, Burow A, Mihalka L, Kloss M, Ferrari J, Lemmens R, Coban O, Haapaniemi 

E, Maaijwee N, Rutten-Jacobs L, Bersano A, Cereda C, Baron P, Borellini L, Valcarenghi 

C, Thomassen L, Grau AJ, Palm F, Urbanek C, Tuncay R, Durukan Tolvanen A, van Dijk 

EJ, de Leeuw FE, Thijs V, Greisenegger S, Vemmos K, Lichy C, Bereczki D, Csiba L, Michel 

P, Leys D, Spengos K, Naess H, Tatlisumak T, Bahar SZ. Etiology of first-ever ischaemic 

stroke in European young adults: the 15 cities young stroke study. Eur J Neurol. 2013 

Nov; 20(11):1431-9.

Rutten-Jacobs LC, Maaijwee NA, Arntz RM, Schoonderwaldt HC, Dorresteijn LD, van 

der Vlugt MJ, van Dijk EJ, de Leeuw FE. Long-term risk of recurrent vascular events after 

young stroke: The FUTURE study. Ann Neurol. 2013 Oct; 74(4): 592-601.

Schaapsmeerders P, Maaijwee NA, van Dijk EJ, Rutten-Jacobs LC, Arntz RM, Schoonder-

waldt HC, Dorresteijn LD, Kessels RP, de Leeuw FE. Long-term cognitive impairment 

after first-ever ischemic stroke in young adults. Stroke. 2013 Jun; 44(6):1621-8.

Rutten-Jacobs LC, Arntz RM, Maaijwee NA, Schoonderwaldt HC, Dorresteijn LD, van 

Dijk EJ, de Leeuw FE. Long-term mortality after stroke among adults aged 18 to 50 

years. JAMA. 2013 Mar 20; 309(11):1136-44.

Arntz R, Rutten-Jacobs L, Maaijwee N, Schoonderwaldt H, Dorresteijn L, van Dijk E, de 

Leeuw FE. Post-stroke epilepsy in young adults: a long-term follow-up study. PLoS One. 

2013; 8(2):e55498.

Putaala J, Yesilot N, Waje-Andreassen U, Pitkaniemi J, Vassilopoulou S, Nardi K, Odier 

C, Hofgart G, Engelter S, Burow A, Mihalka L, Kloss M, Ferrari J, Lemmens R, Coban O, 

Haapaniemi E, Maaijwee N, Rutten-Jacobs L, Bersano A, Cereda C, Baron P, Borellini L, 

Valcarenghi C, Thomassen L, Grau AJ, Palm F, Urbanek C, Tuncay R, Durukan-Tolvanen A, 

van Dijk EJ, de Leeuw FE, Thijs V, Greisenegger S, Vemmos K, Lichy C, Bereczki D, Csiba 

L, Michel P, Leys D, Spengos K, Naess H, Bahar SZ, Tatlisumak T. Demographic and geo-

graphic vascular risk factor differences in European young adults with ischemic stroke: 

the 15 cities young stroke study. Stroke. 2012 Oct; 43(10):2624-30.

Rutten-Jacobs LC, Maaijwee NA, Arntz RM, Van Alebeek ME, Schaapsmeerders P, 

Schoonderwaldt HC, Dorresteijn LD, Overeem S, Drost G, Janssen MC, van Heerde WL, 

Kessels RP, Zwiers MP, Norris DG, van der Vlugt MJ, van Dijk EJ, de Leeuw FE. Risk factors 

and prognosis of young stroke. The FUTURE study: a prospective cohort study. Study 

rationale and protocol. BMC Neurol. 2011 Sep 20; 11:109-16.

Maaijwee NA, van Daalen ST. [Arthralgia and urticaria as immune-complex mediated 

complications after meningitis with meningococci group B]. Ned Tijdsch Geneesk. 2007 

Nov 10; 151(45):2524-6.



215214

Appendices

PART V

D
–
R

Dissertations of the Radboud Stroke Centre Nijmegen

Dissertations of the 
Radboud Stroke Centre Nijmegen

Snaphaan L.J.A.E. (2010). Epidemiology of post-stroke behavioural consequences.

Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands.

De Laat K.F. (2011). Motor performance in individuals with cerebral small vessel disease: 

an MRI study. 

Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands.

Van Norden A.G.W. (2011). Cognitive function in elderly individuals with cerebral small 

vessel disease. An MRI Study. 

Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands.

Gons R.A.R. (2012). Vascular risk factors in cerebral small vessel disease: A diffusion ten-

sor imaging study.

Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands.

Rutten-Jacobs L.C.A. (2014). Long-term prognosis after stroke in young adults. 

Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands.

Maaijwee N.A.M.M. (2015). Long-term neuropsychological and social consequences af-

ter stroke in young adults. 

Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands.



217216

Appendices

PART V

d

Donders Graduate School for Cognitive Neuroscience Series

Donders Graduate School 
for Cognitive Neuroscience Series

1.		  Van Aalderen-Smeets, S.I. (2007). Neural dy-

namics of visual selection. Maastricht Univer-

sity, Maastricht, the Netherlands.

2.		  Schoffelen, J.M. (2007). Neuronal communi-

cation through coherence in the human mo-

tor system. Radboud University Nijmegen, 

Nijmegen, the Netherlands.

3.		  De Lange, F.P. (2008). Neural mechanisms of 

motor imagery. Radboud University Nijme-

gen, Nijmegen, the Netherlands.

4.		  Grol, M.J. (2008). Parieto-frontal circuitry in vi-

suomotor control. Utrecht University, Utrecht, 

the Netherlands.

5.		  Bauer, M. (2008). Functional roles of rhythmic 

neuronal activity in the human visual and 

somatosensory system. Radboud University 

Nijmegen, Nijmegen, the Netherlands.

6.		  Mazaheri, A. (2008). The influence of ongoing 

oscillatory brain activity on evoked respons-

es and behaviour. Radboud University Nijme-

gen, Nijmegen, the Netherlands.

7.		  Hooijmans, C.R. (2008). Impact of nutritional 

lipids and vascular factors in Alzheimer’s dis-

ease. Radboud University Nijmegen, Nijme-

gen, the Netherlands.

8.		  Gaszner, B. (2008). Plastic responses to stress 

by the rodent urocortinergic Edinger-West-

phal nucleus. Radboud University Nijmegen, 

Nijmegen, the Netherlands.

9.		  Willems, R.M. (2009). Neural reflections of 

meaning in gesture, language and action. 

Radboud University Nijmegen, Nijmegen, 

the Netherlands.

10.		  Van Pelt, S. (2009). Dynamic neural represen-

tations of human visuomotor space. Rad-

boud University Nijmegen, Nijmegen, the 

Netherlands.

11.		  Lommertzen, J. (2009). Visuomotor coupling 

at different levels of complexity. Radboud Uni-

versity Nijmegen, Nijmegen, the Netherlands.

12.		  Poljac, E. (2009). Dynamics of cognitive con-

trol in task switching: Looking beyond the 

switch cost. Radboud University Nijmegen, 

Nijmegen, the Netherlands.

13.		  Poser, B.A. (2009). Techniques for BOLD and 

blood volume weighted fMRI. Radboud Uni-

versity Nijmegen, Nijmegen, the Netherlands.

14.		  Baggio, G. (2009). Semantics and the electro-

physiology of meaning. Tense, aspect, event 

structure. Radboud University Nijmegen, Ni-

jmegen, the Netherlands.

15.		  Van Wingen, G.A. (2009). Biological deter-

minants of amygdala functioning. Radboud 

University Nijmegen Medical Centre, Nijme-

gen, the Netherlands.

16.		  Bakker, M. (2009). Supraspinal control of walk-

ing: Lessons from motor imagery. Radboud 

University Nijmegen Medical Centre, Nijme-

gen, the Netherlands.

17.		  Aarts, E. (2009). Resisting temptation: The role 

of the anterior cingulate cortex in adjusting 

cognitive control. Radboud University Nijme-

gen, Nijmegen, the Netherlands.

18.		  Prinz, S. (2009). Waterbath stunning of chick-

ens – Effects of electrical parameters on the 

electroencephalogram and physical reflexes 



219218

Appendices

PART V

d

Donders Graduate School for Cognitive Neuroscience Series

of broilers. Radboud University Nijmegen, Nij- 

megen, the Netherlands.

19.		  Knippenberg, J.M.J. (2009). The N150 of the 

Auditory Evoked Potential from the rat amyg-

dala: In search for its functional significance. 

Radboud University Nijmegen, Nijmegen, 

the Netherlands. 

20.		  Dumont, G.J.H. (2009). Cognitive and physio-

logical effects of 3,4-methylenedioxymeth-

amphetamine (MDMA or ’ecstasy’) in com-

bination with alcohol or cannabis in humans. 

Radboud University Nijmegen, Nijmegen, 

the Netherlands. 

21.		  Pijnacker, J. (2010). Defeasible inference in 

autism: A behavioral and electrophysiogical 

approach. Radboud University Nijmegen, Nij- 

megen, the Netherlands.

22.		  De Vrijer, M. (2010). Multisensory integration 

in spatial orientation. Radboud University Nij- 

megen, Nijmegen, the Netherlands.

23.		  Vergeer, M. (2010). Perceptual visibility and 

appearance: Effects of color and form. Rad-

boud University Nijmegen, Nijmegen, the 

Netherlands.

24.		  Levy, J. (2010). In cerebro unveiling uncon-

scious mechanisms during reading. Rad-

boud University Nijmegen, Nijmegen, the 

Netherlands.

25.		  Treder, M. S. (2010). Symmetry in (inter)action. 

Radboud University Nijmegen, Nijmegen, 

the Netherlands.

26.		  Horlings C.G.C. (2010). A weak balance: Bal-

ance and falls in patients with neuromuscular 

disorders. Radboud University Nijmegen, Ni-

jmegen, the Netherlands.

27.		  Snaphaan, L.J.A.E. (2010). Epidemiology of 

post-stroke behavioural consequences. Rad-

boud University Nijmegen Medical Centre, 

Nijmegen, the Netherlands.  

28.		  Dado – Van Beek, H.E.A. (2010). The regulation 

of cerebral perfusion in patients with Alzhei-

mer’s disease. Radboud University Nijmegen 

Medical Centre, Nijmegen, the Netherlands.  

29.		  Derks, N.M. (2010). The role of the non-pre-

ganglionic Edinger-Westphal nucleus in 

sex-dependent stress adaptation in ro-

dents. Radboud University Nijmegen, Nij- 

megen, the Netherlands.

30.		  Wyczesany, M. (2010). Covariation of mood 

and brain activity. Integration of subjective 

self-report data with quantitative EEG mea-

sures. Radboud University Nijmegen, Nijme-

gen, the Netherlands.

31.		  Beurze S.M. (2010). Cortical mechanisms for 

reach planning. Radboud University Nijme-

gen, Nijmegen, the Netherlands.

32.		  Van Dijk, J.P. (2010). On the Number of Motor 

Units. Radboud University Nijmegen, Nijme-

gen, the Netherlands.

33.		  Lapatki, B.G. (2010). The Facial Musculature - 

Characterization at a Motor Unit Level. Rad-

boud University Nijmegen, Nijmegen, the 

Netherlands.

34.		  Kok, P. (2010). Word order and verb inflection 

in agrammatic sentence production. Rad-

boud University Nijmegen, Nijmegen, the 

Netherlands.

35.		  van Elk, M. (2010). Action semantics: Func-

tional and neural dynamics. Radboud Univer-

sity Nijmegen, Nijmegen, the Netherlands.

36.		  Majdandzic, J. (2010). Cerebral mechanisms 

of processing action goals in self and others. 

Radboud University Nijmegen, Nijmegen, 

the Netherlands.  

37.		  Snijders, T.M. (2010). More than words - Neu-

ral and genetic dynamics of syntactic unifica-

tion. Radboud University Nijmegen, Nijme-

gen, the Netherlands.

38.		  Grootens, K.P. (2010). Cognitive dysfunction 

and effects of antipsychotics in schizophre-

nia and borderline personality disorder. Rad-

boud University Nijmegen Medical Centre, 

Nijmegen, the Netherlands.

39.		  Nieuwenhuis, I.L.C. (2010). Memory consoli-

dation: A process of integration – Converging 

evidence from MEG, fMRI and behavior. Rad-

boud University Nijmegen Medical Centre, 

Nijmegen, the Netherlands.

40.		  Menenti, L.M.E. (2010). The right language: 

Differential hemispheric contributions to 

language production and comprehension in 

context. Radboud University Nijmegen, Nij- 

megen, the Netherlands. 

41.		  Van Dijk, H.P. (2010). The state of the brain, 

how alpha oscillations shape behaviour and 

event related responses. Radboud University 

Nijmegen, Nijmegen, the Netherlands.

42.		  Meulenbroek, O.V. (2010). Neural correlates of 

episodic memory in healthy aging and Alz-

heimer’s disease.  Radboud University Nijme-

gen, Nijmegen, the Netherlands.

43.		  Oude Nijhuis, L.B. (2010). Modulation of hu-

man balance reactions. Radboud University 

Nijmegen, Nijmegen, the Netherlands.

44.		  Qin, S. (2010). Adaptive memory: Imaging 

medial temporal and prefrontal memory sys-

tems. Radboud University Nijmegen, Nijme-

gen, the Netherlands.

45.		  Timmer, N.M. (2011). The interaction of hep-

aran sulfate proteoglycans with the amyloid 

protein. Radboud University Nijmegen, Nij- 

megen, the Netherlands.

46.		  Crajé, C. (2011). (A)typical motor planning and 

motor imagery. Radboud University Nijme-

gen, Nijmegen, the Netherlands.

47.		  Van Grootel, T.J. (2011). On the role of eye 

and head position in spatial localisation be-

haviour. Radboud University Nijmegen, Ni-

jmegen, the Netherlands.

48.		  Lamers, M.J.M. (2011). Levels of selective at-

tention in action planning. Radboud Univer-

sity Nijmegen, Nijmegen, the Netherlands.

49.		  Van der Werf, J. (2011). Cortical oscillatory ac-

tivity in human visuomotor integration. Rad-

boud University Nijmegen, Nijmegen, the 

Netherlands.

50.		  Scheeringa, R. (2011). On the relation be-

tween oscillatory EEG activity and the BOLD 

signal. Radboud University Nijmegen, Nijme-

gen, the Netherlands.

51.		  Bögels, S. (2011). The role of prosody in lan-

guage comprehension: When prosodic 

breaks and pitch accents come into play. 

Radboud University Nijmegen, Nijmegen, 

the Netherlands.

52.		  Ossewaarde, L. (2011). The mood cycle: Hor-

monal influences on the female brain. Rad-

boud University Nijmegen, Nijmegen, the 

Netherlands.

53.		  Kuribara, M. (2011). Environment-induced ac-

tivation and growth of pituitary melanotrope 

cells of Xenopus laevis. Radboud University 

Nijmegen, Nijmegen, the Netherlands.

54.		  Helmich, R.C.G. (2011). Cerebral reorganiza-



221220

Appendices

PART V

d

Donders Graduate School for Cognitive Neuroscience Series

tion in Parkinson’s disease. Radboud Univer-

sity Nijmegen, Nijmegen, the Netherlands.

55.		  Boelen, D. (2011). Order out of chaos? Assess-

ment and treatment of executive disorders in 

brain-injured patients. Radboud University 

Nijmegen, Nijmegen, the Netherlands.

56.		  Koopmans, P.J. (2011). fMRI of cortical layers. 

Radboud University Nijmegen, Nijmegen, 

the Netherlands.

57.		  van der Linden, M.H. (2011). Experience-based 

cortical plasticity in object category repre-

sentation. Radboud University Nijmegen, 

Nijmegen, the Netherlands.

58.		  Kleine, B.U. (2011). Motor unit discharges - 

Physiological and diagnostic studies in ALS. 

Radboud University Nijmegen Medical Cen-

tre, Nijmegen, the Netherlands. 

59.		  Paulus, M. (2011). Development of action per-

ception: Neurocognitive mechanisms under-

lying children’s processing of others’ actions. 

Radboud University Nijmegen, Nijmegen, 

the Netherlands.

60.		  Tieleman, A.A. (2011). Myotonic dystrophy 

type 2. A newly diagnosed disease in the 

Netherlands. Radboud University Nijmegen 

Medical Centre, Nijmegen, the Netherlands. 

61.		  Van Leeuwen, T.M. (2011). ‘How one can see 

what is not there’: Neural mechanisms of 

grapheme-colour synaesthesia. Radboud 

University Nijmegen, Nijmegen, the Nether-

lands.

62.		  Van Tilborg, I.A.D.A. (2011). Procedural learning 

in cognitively impaired patients and its appli-

cation in clinical practice. Radboud University 

Nijmegen, Nijmegen, the Netherlands.

63.		  Bruinsma, I.B. (2011). Amyloidogenic proteins 

in Alzheimer’s disease and Parkinson’s dis-

ease: Interaction with chaperones and in-

flammation. Radboud University Nijmegen, 

Nijmegen, the Netherlands.

64.		  Voermans, N. (2011). Neuromuscular features 

of Ehlers-Danlos syndrome and Marfan syn-

drome; expanding the phenotype of inher-

ited connective tissue disorders and investi-

gating the role of the extracellular matrix in 

muscle. Radboud University Nijmegen Med-

ical Centre, Nijmegen, the Netherlands. 

65.		  Reelick, M. (2011). One step at a time. Disentan-

gling the complexity of preventing falls in frail 

older persons. Radboud University Nijmegen 

Medical Centre, Nijmegen, the Netherlands. 

66.		  Buur, P.F. (2011). Imaging in motion. Applica-

tions of multi-echo fMRI. Radboud University 

Nijmegen, Nijmegen, the Netherlands.

67.		  Schaefer, R.S. (2011). Measuring the mind’s 

ear: EEG of music imagery. Radboud Univer-

sity Nijmegen, Nijmegen, the Netherlands.

68.		  Xu, L. (2011). The non-preganglionic Eding-

er-Westphal nucleus: An integration center 

for energy balance and stress adaptation. 

Radboud University Nijmegen, Nijmegen, 

the Netherlands.

69.		  Schellekens, A.F.A. (2011). Gene-environment 

interaction and intermediate phenotypes in 

alcohol dependence. Radboud University  

Nijmegen, Nijmegen, the Netherlands.

70.		  Van Marle, H.J.F. (2011). The amygdala on alert: 

A neuroimaging investigation into amygda-

la function during acute stress and its after-

math. Radboud University Nijmegen, Nijme-

gen, the Netherlands. 

71.		  De Laat, K.F. (2011). Motor performance in in-

dividuals with cerebral small vessel disease: 

An MRI study. Radboud University Nijmegen 

Medical Centre, Nijmegen, the Netherlands.

72.		  Mädebach, A. (2011). Lexical access in speak-

ing: Studies on lexical selection and cascad-

ing activation. Radboud University Nijmegen, 

Nijmegen, the Netherlands. 

73.		  Poelmans, G.J.V. (2011). Genes and protein 

networks for neurodevelopmental disorders. 

Radboud University Nijmegen, Nijmegen, 

the Netherlands. 

74.		  Van Norden, A.G.W. (2011). Cognitive function 

in elderly individuals with cerebral small ves-

sel disease. An MRI study. Radboud Universi-

ty Nijmegen Medical Centre, Nijmegen, the 

Netherlands.

75.		  Jansen, E.J.R. (2011). New insights into V-AT-

Pase functioning: the role of its accessory 

subunit Ac45 and a novel brain-specific Ac45 

paralog. Radboud University Nijmegen, Nij- 

megen, the Netherlands.

76.		  Haaxma, C.A. (2011). New perspectives on 

preclinical and early stage Parkinson’s dis-

ease. Radboud University Nijmegen Medical 

Centre, Nijmegen, the Netherlands.

77.		  Haegens, S. (2012). On the functional role of 

oscillatory neuronal activity in the somato-

sensory system. Radboud University Nijme-

gen, Nijmegen, the Netherlands.

78.		  van Barneveld, D.C.P.B.M. (2012). Integration 

of exteroceptive and interoceptive cues in 

spatial localization. Radboud University Nij- 

megen, Nijmegen, the Netherlands. 

79.		  Spies, P.E. (2012). The reflection of Alzheimer 

disease in CSF. Radboud University Nijmegen 

Medical Centre, Nijmegen, the Netherlands.

80.		  Helle, M. (2012). Artery-specific perfusion 

measurements in the cerebral vasculature 

by magnetic resonance imaging. Radboud 

University Nijmegen, Nijmegen, the Nether-

lands.

81.		  Egetemeir, J. (2012). Neural correlates of re-

al-life joint action. Radboud University Nijme-

gen, Nijmegen, the Netherlands.

82.		  Janssen, L. (2012). Planning and execution of 

(bi)manual grasping. Radboud University Nij- 

megen, Nijmegen, the Netherlands.

83.		  Vermeer, S. (2012). Clinical and genetic char-

acterisation of autosomal recessive cerebellar 

ataxias. Radboud University Nijmegen Medi-

cal Centre, Nijmegen, the Netherlands.

84.	 	 Vrins, S. (2012). Shaping object boundaries: 

Contextual effects in infants and adults. Rad-

boud University Nijmegen, Nijmegen, the 

Netherlands.

85.		  Weber, K.M. (2012). The language learning 

brain: Evidence from second language and 

bilingual studies of syntactic processing. 

Radboud University Nijmegen, Nijmegen, 

the Netherlands.

86.		  Verhagen, L. (2012). How to grasp a ripe to-

mato. Utrecht University, Utrecht, the Nether-

lands.

87.		  Nonkes, L.J.P. (2012). Serotonin transporter 

gene variance causes individual differences 

in rat behaviour: For better and for worse. 

Radboud University Nijmegen Medical Cen-

tre, Nijmegen, the Netherlands.

88.		  Joosten-Weyn Banningh, L.W.A. (2012). Learn-

ing to live with Mild Cognitive Impairment: 

development and evaluation of a psycholog-

ical intervention for patients with Mild Cogni-



223222

Appendices

PART V

d

Donders Graduate School for Cognitive Neuroscience Series

tive Impairment and their significant others. 

Radboud University Nijmegen Medical Cen-

tre, Nijmegen, the Netherlands.

89.		  Xiang, HD. (2012). The language networks of 

the brain. Radboud University Nijmegen, Nij- 

megen, the Netherlands.

90.		  Snijders, A.H. (2012). Tackling freezing of gait 

in Parkinson’s disease. Radboud University 

Nijmegen Medical Centre, Nijmegen, the 

Netherlands.

91.		  Rouwette, T.P.H. (2012). Neuropathic pain and 

the brain - Differential involvement of corti-

cotropin-releasing factor and urocortin 1 in 

acute and chronic pain processing. Radboud 

University Nijmegen Medical Centre, Nijme-

gen, the Netherlands.

92.		  Van de Meerendonk, N. (2012). States of inde-

cision in the brain: Electrophysiological and 

hemodynamic reflections of monitoring in 

visual language perception. Radboud Univer-

sity Nijmegen, Nijmegen, the Netherlands.

93.		  Sterrenburg, A. (2012). The stress response of 

forebrain and midbrain regions: Neuropep-

tides, sex-specificity and epigenetics. Rad-

boud University Nijmegen, Nijmegen, The 

Netherlands.

94.		  Uithol, S. (2012). Representing action and in-

tention. Radboud University Nijmegen, Nij- 

megen, The Netherlands.

95.		  Van Dam, W.O.  (2012). On the specificity and 

flexibility of embodied lexical-semantic rep-

resentations. Radboud University Nijmegen, 

Nijmegen, The Netherlands.

96.		  Slats, D. (2012).  CSF biomarkers of Alzheimer’s 

disease: Serial sampling analysis and the 

study of circadian rhythmicity. Radboud Uni-

versity Nijmegen Medical Centre, Nijmegen, 

the Netherlands.

97.		  Van Nuenen, B.F.L. (2012). Cerebral reorgani-

zation in premotor parkinsonism. Radboud 

University Nijmegen Medical Centre, Nijme-

gen, the Netherlands.

98.		  van Schouwenburg, M.R. (2012). Fronto-stri-

atal mechanisms of attentional control. Rad-

boud University Nijmegen, Nijmegen, The 

Netherlands.

99.		  Azar, M.G. (2012). On the theory of reinforce-

ment learning: Methods, convergence analy-

sis and sample complexity. Radboud Univer-

sity Nijmegen, Nijmegen, The Netherlands.

100.	 Meeuwissen, E.B. (2012). Cortical oscillatory 

activity during memory formation. Radboud 

University Nijmegen, Nijmegen, The Nether-

lands.

101.	 Arnold, J.F. (2012). When mood meets mem-

ory: Neural and behavioral perspectives on 

emotional memory in health and depression. 

Radboud University Nijmegen, Nijmegen, 

The Netherlands.

102.	 Gons, R.A.R. (2012). Vascular risk factors in ce-

rebral small vessel disease: A diffusion tensor 

imaging study. Radboud University Nijmegen 

Medical Centre, Nijmegen, the Netherlands.

103.	 Wingbermühle, E. (2012). Cognition and emo-

tion in adults with Noonan syndrome: A neu-

ropsychological perspective. Radboud Uni-

versity Nijmegen, Nijmegen, The Netherlands.

104.	 Walentowska, W. (2012). Facing emotional 

faces. The nature of automaticity of facial 

emotion processing studied with ERPs. Rad-

boud University Nijmegen, Nijmegen, The 

Netherlands. 

105.	 Hoogman, M. (2012). Imaging the effects of 

ADHD risk genes. Radboud University Nijme-

gen, Nijmegen, The Netherlands.

106.	 Tramper, J. J. (2012). Feedforward and feed-

back mechanisms in sensory motor control. 

Radboud University Nijmegen, Nijmegen, 

The Netherlands.

107.		 Van Eijndhoven, P. (2012). State and trait char-

acteristics of early course major depressive 

disorder. Radboud University Nijmegen Med-

ical Centre, Nijmegen, the Netherlands.

108.	 Visser, E. (2012). Leaves and forests: Low lev-

el sound processing and methods for the 

large-scale analysis of white matter structure 

in autism. Radboud University Nijmegen, Nij- 

megen, The Netherlands.

109.	 Van Tooren-Hoogenboom, N. (2012). Neu-

ronal communication in the synchronized 

brain. Investigating the functional role of vi-

sually-induced gamma band activity: Lessons 

from MEG. Radboud University Nijmegen, Nij- 

megen, The Netherlands.

110.	 Henckens, M.J.A.G. (2012). Imaging the 

stressed brain. Elucidating the time- and re-

gion-specific effects of stress hormones on 

brain function: A translational approach. Rad-

boud University Nijmegen, Nijmegen, The 

Netherlands.

111.		 Van Kesteren, M.T.R. (2012). Schemas in the 

brain: Influences of prior knowledge on learn-

ing, memory, and education. Radboud Univer-

sity Nijmegen, Nijmegen, The Netherlands.

112.	 Brenders, P. (2012). Cross-language interac-

tions in beginning second language learners. 

Radboud University Nijmegen, Nijmegen, 

The Netherlands.

113.		 Ter Horst, A.C. (2012). Modulating motor im-

agery. Contextual, spatial and kinaesthetic 

influences. Radboud University Nijmegen, 

Nijmegen, The Netherlands.

114.	 Tesink, C.M.J.Y. (2013). Neurobiological in-

sights into language comprehension in au-

tism: Context matters. Radboud University 

Nijmegen, Nijmegen, The Netherlands.

115.		 Böckler, A. (2013). Looking at the world to-

gether. How others’ attentional relations 

to jointly attended scenes shape cognitive 

processing. Radboud University Nijmegen, 

Nijmegen, The Netherlands.

116.	 Van Dongen, E.V. (2013). Sleeping to Remem-

ber. On the neural and behavioral mech-

anisms of sleep-dependent memory con-

solidation. Radboud University Nijmegen, 

Nijmegen, The Netherlands.

117.		 Volman, I. (2013). The neural and endocrine 

regulation of emotional actions. Radboud Uni-

versity Nijmegen, Nijmegen, The Netherlands.

118.	 Buchholz, V. (2013). Oscillatory activity in tac-

tile remapping. Radboud University Nijme-

gen, Nijmegen, The Netherlands.

119.		 Van Deurzen, P.A.M. (2013). Information pro-

cessing and depressive symptoms in healthy 

adolescents. Radboud University Nijmegen, 

Nijmegen, The Netherlands.

120.	 Whitmarsh, S. (2013). Nonreactivity and meta-

cognition in mindfulness. Radboud Universi-

ty Nijmegen, Nijmegen, The Netherlands.

121.	 Vesper, C. (2013). Acting together: Mechanisms 

of intentional coordination.  Radboud Univer-

sity Nijmegen, Nijmegen, The Netherlands.

122.	 Lagro, J. (2013). Cardiovascular and cerebro-

vascular physiological measurements in clin-



225224

Appendices

PART V

d

Donders Graduate School for Cognitive Neuroscience Series

ical practice and prognostics in geriatric pa-

tients. Radboud University Nijmegen Medical 

Centre, Nijmegen, the Netherlands. 

123.	 Eskenazi, T.T. (2013).  You, us & them: From mo-

tor simulation to ascribed shared intentional-

ity in social perception. Radboud University 

Nijmegen, Nijmegen, The Netherlands. 

124.	 Ondobaka, S. (2013). On the conceptual and 

perceptual processing of own and others’ 

behavior. Radboud University Nijmegen, Nij- 

megen, The Netherlands. 

125.	 Overvelde, J.A.A.M. (2013). Which practice 

makes perfect? Experimental studies on the 

acquisition of movement sequences to iden-

tify the best learning condition in good and 

poor writers. Radboud University Nijmegen, 

Nijmegen, The Netherlands. 

126.	 Kalisvaart, J.P. (2013). Visual ambiguity in 

perception and action. Radboud University 

Nijmegen Medical Centre, Nijmegen, The 

Netherlands. 

127.		 Kroes, M. (2013). Altering memories for emo-

tional experiences. Radboud University Nij- 

megen, Nijmegen, The Netherlands.

128.	 Duijnhouwer, J. (2013).  Studies on the rota-

tion problem in self-motion perception. Rad-

boud University Nijmegen, Nijmegen, The 

Netherlands.

129.	 Nijhuis, E.H.J (2013).  Macroscopic networks 

in the human brain: Mapping connectivity 

in healthy and damaged brains. University 

of Twente, Enschede, The Netherlands

130.	 Braakman, M. H. (2013). Posttraumatic stress 

disorder with secondary psychotic features. 

A diagnostic validity study among refugees 

in the Netherlands. Radboud University Nij- 

megen, Nijmegen, The Netherlands.

131.	 Zedlitz, A.M.E.E. (2013). Brittle brain power. 

Post-stroke fatigue, explorations into assess-

ment and treatment. Radboud University Nij- 

megen, Nijmegen, The Netherlands.

132.	 Schoon, Y. (2013). From a gait and falls clinic 

visit towards self-management of falls in frail 

elderly. Radboud University Nijmegen Medi-

cal Centre, Nijmegen, The Netherlands.

133.	 Jansen, D. (2013). The role of nutrition in 

Alzheimer’s disease - A study in transgenic 

mouse models for Alzheimer’s disease and 

vascular disorders. Radboud University Nij- 

megen, Nijmegen, The Netherlands.

134.	 Kos, M. (2013). On the waves of language - 

Electrophysiological reflections on semantic 

and syntactic processing. Radboud Universi-

ty Nijmegen, Nijmegen, The Netherlands.

135.	 Severens, M. (2013). Towards clinical BCI ap-

plications: Assistive technology and gait re-

habilitation. Radboud University Nijmegen, 

Nijmegen, Sint Maartenskliniek, Nijmegen, 

The Netherlands.

136.	 Bergmann, H. (2014). Two is not always better 

than one: On the functional and neural (in)

dependence of working memory and long-

term memory. Radboud University Nijme-

gen, Nijmegen, The Netherlands.

137.		 Wronka, E. (2013). Searching for the biological 

basis of human mental abilitites. The rela-

tionship between attention and intelligence 

studied with P3. Radboud University Nijme-

gen, Nijmegen, The Netherlands.

138.	 Lüttjohann, A.K. (2013). The role of the corti-

co-thalamo-cortical system in absence epi-

lepsy. Radboud University Nijmegen, Nijme-

gen, The Netherlands.

139.	 Brazil, I.A. (2013). Change doesn’t come easy: 

Dynamics of adaptive behavior in psychop-

athy. Radboud University Nijmegen, Nijme-

gen, The Netherlands.

140.	 Zerbi, V. (2013).  Impact of nutrition on brain 

structure and function. A magnetic res-

onance imaging approach in Alzheimer 

mouse models. Radboud University Nijme-

gen, Nijmegen, The Netherlands.

141.	 Delnooz, C.C.S. (2014). Unravelling primary 

focal dystonia. A treatment update and new 

pathophysiological insights. Radboud Uni-

versity Nijmegen Medical Centre, Nijmegen, 

The Netherlands.

142.	 Bultena, S.S. (2013). Bilingual processing of 

cognates and language switches in sentence 

context. Radboud University Nijmegen, Nij- 

megen, The Netherlands.

143.	 Janssen, G. (2014). Diagnostic assessment of 

psychiatric patients: A contextual perspective 

on executive functioning. Radboud Universi-

ty Nijmegen, Nijmegen, The Netherlands.

144.	 Piai, V. Magalhães (2014). Choosing our words: 

Lexical competition and the involvement of 

attention in spoken word production. Rad-

boud University Nijmegen, Nijmegen, The 

Netherlands.

145.	 Van  Ede, F. (2014). Preparing for perception. 

On the attentional modulation, perceptual 

relevance and physiology of oscillatory neu-

ral activity. Radboud University Nijmegen, 

Nijmegen, The Netherlands.

146.	 Brandmeyer, A. (2014). Auditory perceptual 

learning via decoded EEG neurofeedback: a 

novel paradigm. Radboud University Nijme-

gen, Nijmegen, The Netherlands.

147.		 Radke, S. (2014). Acting social: Neuroendo-

crine and clinical modulations of approach 

and decision behavior. Radboud University 

Nijmegen, Nijmegen, The Netherlands.

148.	 Simanova, I. (2014). In search of concep-

tual representations in the brain: towards 

mind-reading. Radboud University Nijme-

gen, Nijmegen, The Netherlands.

149.	 Kok, P. (2014). On the role of expectation in 

visual perception: A top-down view of early 

visual cortex. Radboud University Nijmegen, 

Nijmegen, The Netherlands.

150.	 Van Geldorp, B. (2014). The long and the short 

of memory: Neuropsychological studies 

on the interaction of working memory and 

long-term memory formation.  Radboud 

University Nijmegen, Nijmegen, The Nether-

lands.

151.	 Meyer, M. (2014). The developing brain in ac-

tion - Individual and joint action processing. 

Radboud University Nijmegen, Nijmegen, 

The Netherlands.

152.	 Wester, A. (2014). Assessment of everyday 

memory in patients with alcohol-related 

cognitive disorders using the Rivermead Be-

havioural Memory Test. Radboud University 

Nijmegen, Nijmegen, The Netherlands.

153.	 Koenraadt, K. (2014). Shedding light on corti-

cal control of movement. Radboud Universi-

ty Nijmegen, Nijmegen; Sint Maartenskliniek, 

Nijmegen, The Netherlands.

154.	 Rutten-Jacobs, L.C.A. (2014). Long-term prog-

nosis after stroke in young adults. Radboud 

University Nijmegen Medical Centre, Nijme-

gen, The Netherlands.



227226

Appendices

PART V

d

Donders Graduate School for Cognitive Neuroscience Series

155.	 Herbert, M.K. (2014).  Facing uncertain diag-

nosis: the use of CSF biomarkers for the dif-

ferential diagnosis of neurodegenerative dis-

eases. Radboud University Nijmegen Medical 

Centre, Nijmegen, The Netherlands.

156.	 Llera Arenas, A. (2014). Adapting brain com-

puter interfaces for non-stationary changes. 

Radboud University Nijmegen, Nijmegen, 

The Netherlands.

157.		 Smulders, K. (2014).  Cognitive control of gait 

and balance in patients with chronic stroke 

and Parkinson’s disease. Radboud Universi-

ty Nijmegen Medical Centre, Nijmegen, The 

Netherlands.

158.	 Boyacioglu, R. (2014). On the application of 

ultra-fast fMRI and high resolution multi-

band fMRI at high static field strengths. Rad-

boud University Nijmegen, Nijmegen, The 

Netherlands.

159.	 Kleinnijenhuis, M. (2014). Imaging fibres in the 

brain. Radboud University Nijmegen, Nijme-

gen, The Netherlands.

160.	 Geuze, J. (2014). Brain Computer Interfaces for 

Communication: Moving beyond the visual 

speller. Radboud University Nijmegen, Nijme-

gen, The Netherlands.

161.	 Platonov, A. (2014). Mechanisms of binocular 

motion rivalry. Radboud University Nijme-

gen, Nijmegen, The Netherlands.

162.	 Van der Schaaf, M.E. (2014). Dopaminergic 

modulation of reward and punishment learn-

ing. Radboud University Nijmegen Medical 

Centre, Nijmegen, The Netherlands.

163.	 Aerts, M.B. (2014). Improving diagnostic ac-

curacy in parkinsonism. Radboud University 

Nijmegen Medical Centre, Nijmegen, The 

Netherlands. 

164.	 Vlek, R. (2014). From Beat to BCI: A musical 

paradigm for, and the ethical aspects of 

Brain-Computer Interfacing. Radboud Uni-

versity Nijmegen, Nijmegen, The Nether-

lands.

165.	 Massoudi, R. (2014). Interaction of task-relat-

ed and acoustic signals in single neurons of 

monkey auditory cortex. Radboud University 

Nijmegen, Nijmegen, The Netherlands 

166.	 Stolk, A. (2014). On the generation of shared 

symbols. Radboud University Nijmegen, Nij- 

megen, The Netherlands.

167.		 Krause F. (2014). Numbers and magnitude in 

the brain: A sensorimotor grounding of nu-

merical cognition. Radboud University Nij- 

megen, Nijmegen, The Netherlands.

168.	 Munneke, M.A.M. (2014). Measuring and 

modulating the brain with non-invasive stim-

ulation. Radboud University Nijmegen Medi-

cal Centre, Nijmegen, The Netherlands.

169.	 Von Borries, K. (2014). Carrots & Sticks - a neu-

robehavioral investigation of affective out-

come processing in psychopathy. Radboud 

University Nijmegen Medical Centre, Nijme-

gen, The Netherlands.

170.	 Meel-van den Abeelen, A.S.S. (2014). In con-

trol. Methodological and clinical aspects of 

cerebral autoregulation and haemodynam-

ics. Radboud University Nijmegen Medical 

Centre, Nijmegen, The Netherlands.

171.	 Leoné, F.T.M. (2014). Mapping sensorimo-

tor space: Parieto-frontal contributions to 

goal-directed movements. Radboud Univer-

sity Nijmegen, Nijmegen, The Netherlands.

172.	 Van Kessel, M. (2014). Nothing left? How to 

keep on the right track - Spatial and non-spa-

tial attention processes in neglect after 

stroke. Radboud University, Nijmegen, The 

Netherlands.

173.	 Vulto-van Silfhout, A. T. (2014). Detailed, stan-

dardized and systematic phenotyping for the 

interpretation of genetic variation. Radboud 

University Medical Centre, Nijmegen, The 

Netherlands.

174.	 Arnoldussen, D. (2015). Cortical topography 

of self-motion perception. Radboud Univer-

sity, Nijmegen, The Netherlands.

175.	 Meyer, M.C. (2015). “Inbetween Modalitiers 

combined EEG – fMR”. Radboud University, 

Nijmegen, The Netherlands.

176.	 Bralten, J. (2015). Genetic factors and the 

brain in ADHD. Radboud university medical 

Centre, Nijmegen, The Netherlands.

177.		 Spaak, E. (2015). On the role of alpha oscilla-

tions in structuring neural information pro-

cessing. Radboud University, Nijmegen, The 

Netherlands.

178.	 Van der Doelen, R. (2015). Translational psy-

chiatry; the twists and turns of early life stress 

and serotonin transporter gene variation. 

Radboud university medical Centre, Nijme-

gen, The Netherlands.

179.	 Lewis, C. (2015). The structure and function 

of intrinsic brain activity. Radboud University, 

Nijmegen, The Netherlands.

180.	 Huang, Lili. (2015). The subiculum: a prom-

ising new target of deep brain stimulation 

in temporal lobe epilepsy. Investigation of 

closed-loop and open-loop high frequency 

stimulation of the subiculum in seizure and 

epilepsy models in rats. Radboud University, 

Nijmegen, The Netherlands.

181		 Maaijwee, N.A.M.M. (2015). Long-term neuro-

psychological and social consequences after 

stroke in young adults. Radboud University 

Nijmegen Medical Centre, Nijmegen, The 

Netherlands.



228



N
O

O
R

TJE A
.M

.M
. M

A
A

IJW
EE

ISBN 978-94-6284-016-4

Long-term
 neuropsychological and social consequences after stroke in young adults

 Uitnodiging
Voor het bijwonen van

de openbare verdediging

van mijn proefschrift

Op vrijdag 12 juni 2015
om 12.30 uur precies 

in de aula van de 

Radboud Universiteit,

Comeniuslaan 2 te Nijmegen.

U bent van harte welkom

bij deze plechtigheid

en de aansluitende receptie.

Noortje Maaijwee
Groenestraat 217c

6531 HH Nijmegen

Noortje.Maaijwee@radboudumc.nl

Paranimfen
Loes Rutten-Jacobs

lr406@medschl.cam.ac.uk

Linda van der Landen

lindavdlanden@gmail.com

Long-term neuropsychological
and social consequences after

 stroke 
in young adults

Noortje A.M.M. Maaijwee

181

NoortjeMaaijwee_ORDER-18988_cover_LETOP-MATLAMINAAT_TWEEZIJDIG-fullcolor_rug11-72mm_boekenlegger60mm_3mmbleed.indd   2-6 28-4-2015   10:04:14




