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Abstract Ischaemic stroke (IS) in young adults has been

increasingly recognized as a serious health condition.

Stroke aetiology is different in young adults than in the

older population. This study aimed to investigate aetiology

and risk factors, and to search for predictors of outcome

and recurrence in young IS patients. We conducted a

prospective multicentre study of consecutive IS patients

aged 16–55 years. Baseline demographic data, risk factors,

stroke aetiology including systematic genetic screening for

Fabry disease and severity were assessed and related to

functional neurological outcome (modified Rankin Scale,

mRS), case fatality, employment status, place of residence,

and recurrent cerebrovascular events at 3 months. In 624 IS

patients (60 % men), median age was 46 (IQR 39–51)

years and median NIHSS on admission 3 (IQR 1–8).

Modifiable vascular risk factors were found in 73 %.

Stroke aetiology was mostly cardioembolism (32 %) and of

other defined origin (24 %), including cervicocerebral

artery dissection (17 %). Fabry disease was diagnosed in 2

patients (0.3 %). Aetiology remained unknown in 20 %.

Outcome at 3 months was favourable (mRS 0–1) in 61 %

and fatal in 2.9 %. Stroke severity (p\ 0.001) and diabetes

mellitus (p = 0.023) predicted unfavourable outcome.

Stroke recurrence rate at 3 months was 2.7 %. Previous

stroke or TIA predicted recurrent cerebrovascular events

(p = 0.012). In conclusion, most young adults with IS had

modifiable vascular risk factors, emphasizing the impor-

tance of prevention strategies. Outcome was unfavourable

in more than a third of patients and was associated with

initial stroke severity and diabetes mellitus. Previous

cerebrovascular events predicted recurrent ones.
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Introduction

Ischaemic stroke (IS) in young adults and adolescents has

been considered uncommon. However, incidence is esti-

mated around 10 per 100,000 young adults per year [1, 2].

With the rising number of publications on stroke in young

adults, the index of suspicion, diagnosis and finally inci-

dence of the condition may increase. Previous research

showed a broader spectrum of aetiologies and potentially

treatable causes compared to older stroke patients, and a

high percentage of unknown stroke aetiologies in young

adults [1–9]. Research on outcome of young adults after IS

is largely limited to single centre, some of them retro-

spective studies, showing residual physical and psychoso-

cial impairment in at least a third of patients [3, 6–8, 10–

12]. Apart from the potentially deleterious consequences

for the individual patient, stroke in young adults has a

considerable socioeconomic impact because of loss of

working years and long-term dependency on nursing and

social care. Thus, stroke prevention and improvement of

outcome are particularly important in this group. In order

to tailor better preventive strategies and to improve out-

come of young IS patients, we still need more information

not only on stroke risk factors and aetiology, but also on

predictors of recurrent cerebrovascular events and out-

come. The aim of this study was not only to prospectively

and thoroughly investigate risk factors and aetiologies of IS

in young adults, attempting to minimize the rate of

unknown aetiologies, but also to assess predictors of clin-

ical outcome and recurrent cerebrovascular events at

3 months.

Methods

The Swiss Young Stroke Study (SYSS) is a prospective

multicentre study enrolling consecutive patients aged

16–55 years directly admitted to one of the University

Hospitals of Basel, Bern, Geneva, Lausanne or the Can-

tonal Hospital of St. Gallen from 07/2008 until 01/2012 for

IS (both first-ever-in-a-lifetime stroke, FELS, and recurrent

events).

The local ethical review committees at all study sites

approved the study. Written informed consent was obtained

from all patients or their next-on-kin.

Exclusion criteria were intracranial haemorrhage on CT

scan or MRI and all other disorders that presented with an

acute focal neurological deficit and were not ischaemic in

origin.

Patients underwent a comprehensive diagnostic stroke

workup, including a clinical neurological examination and

scoring with the National Institutes of Health Stroke Scale

(NIHSS) on admission [13], laboratory examination, brain

and neurovascular imaging, and in all patients except of

those with a clear non-cardioembolic cause of stroke,

transoesophageal echocardiography, and 24-h electrocar-

diogram (ECG) to determine stroke aetiology using the

Trial of Org 10172 in Acute Stroke Treatment (TOAST)

criteria [14]. The following stroke risk factors were

assessed: family history of IS (defined as IS in first degree

relatives), personal history of previous IS (defined as

radiological signs of a non-acute IS on brain imaging with

or without symptoms of IS) or previous transient ischaemic

attack (TIA, defined as a neurological deficit last-

ing\24 h), atrial fibrillation (diagnosed on an ECG),

coronary heart disease, and the modifiable vascular risk

factors hypercholesterolemia (total venous plasma choles-

terol C5 mmol/l or use of cholesterol-lowering medica-

tion), current smoking or cessation of smoking in the

10 years prior to IS, diabetes mellitus (defined as two

fasting venous plasma glucose values C7 mmol/l or use of

antidiabetic medication), hypertension (defined by pread-

mission history or use of antihypertensive medication),

oestrogen substitution in women (oral contraceptives or

hormone replacement therapy). In addition, patients were

routinely screened for Fabry disease and, if appropriate, for

blood coagulation disorders. Systematic genetic screening

for Fabry disease consisted in complete sequencing of the

gene encoding alpha-galactosidase A (GLA; gene MIM

number 300644) in genomic DNA from patients’ leuko-

cytes. In equivocal cases, determination of blood globo-

triaosylceramide Gb3 (norm\4 lg/ml) and urine Gb3

(total Gb3 and Gb3-C24, norm\35 ng/mg creatinine) was

performed. All analyses were performed at the Albrecht-

Kossel-Institute, Medical Faculty of the University of

Rostock, by staff blinded to the clinical data.

The follow-up examination at 3 months assessed the

modified Rankin Scale (mRS) score [15], occupational

status, and recurrent cerebrovascular event (TIA/IS). If

stroke recurrence was suspected, a CT scan or, if necessary,

an MRI was performed. Favourable outcome was defined

as an mRS-score of 0–1.

Statistical analysis was performed using IBM SPSS�

version 21. Differences between groups were assessed

using Fisher’s exact test or Pearson Chi-square test, as

appropriate (for categorical variables), and Mann–Whitney

U test (for continuous variables). Possible predictors of

outcome, recurrence, and survival, that had a regression

coefficient p\ 0.2 in the binary logistic regression analy-

sis, were included in a multivariable logistic regression

analysis. A probability (p) value\0.05 was considered

statistically significant. Two-tailed p values are indicated.

Subgroup analyses were performed for patients aged

16–45 years compared to patients aged 46–55 years,
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because many previous studies on young stroke included

patients up to the age of 45 years only, while studies

analysing Fabry disease in young stroke patients included

patients up to 55 years.

Results

Demographics and baseline data

624 patients (men = 375/60 %) with IS were included in

this analysis. Median age was 46 (IQR 39–51) years, and

median NIHSS score on admission 3 (IQR 1–8). A total of

539 of 624 patients with IS (86 %) had an FELS. Throm-

bolysis was performed in 158/25 % (94/15 % intravenous,

26/4.2 % intra-arterial, 21/3.4 % bridging), mechanical

thrombectomy in 17/2.7 % patients.

Risk factors and aetiology

Ninety-six percent of patients had at least one vascular risk

factor, and 73 % at least one modifiable vascular risk factor

(Table 1). Most common were hypercholesterolemia

(47 %), smoking (43 %), and hypertension (35 %). Forty-

six women (19 % of all female patients) were taking oral

contraceptives and three (1.2 %) hormone replacement

therapy.

Stroke aetiology was cardioembolism in 32 %, of other

determined origin in 24 % (of them, 106 patients with

cervical artery dissection, 30 with thrombophilia, and 6

with vasculitis), large-artery atherosclerosis in 11 %,

small-vessel disease in 9 %, undetermined despite com-

plete investigation in 16 %, undetermined and incom-

pletely investigated in 4.3 % or due to more than one

potential pathomechanisms in 4.5 %. Screening for Fabry

disease was positive in two patients (0.3 %, Table 2).

Outcome

Three-month follow-up data were obtained in 614 (98 %)

patients [clinical visit in 450 (73 %), telephone interview

in 164 (27 %)]. Outcome at 3 months was favourable

(mRS 0–1) in 61 %. Eighteen patients had died (2.9 %).

The distribution of all mRS-scores is displayed in Fig. 1.

Information on the patients’ place of residence was

available in 80 % and on occupational status in 78 %

surviving patients. Most patients were living at home (405/

81 %) and were employed and working (261/56 %), 149 of

them (24 %) fulltime.

Sixteen (2.7 %) patients had a recurrent cerebrovascular

event (1.2 % IS, 1.5 % TIA).

Predictors of outcome and recurrence

Diabetes mellitus (p = 0.023, OR 0.34, 95 % CI

0.13–0.86) and NIHSS on admission (p\ 0.001, OR 0.8,

95 % CI 0.75–0.85) were independent predictors of out-

come. The multivariable logistic regression analyses fur-

ther identified NIHSS on admission as an independent

predictor of survival (p = 0.044, OR 0.91, 95 % CI

0.83–0.99). Previous stroke or TIA was the only variable

significantly predicting recurrence of stroke or TIA

(p = 0.012, OR 3.5, 95 % CI 1.32–9.29).

These predictors of outcome and recurrence were not

significantly different in the 10 patients lost to follow-up.

Thus, it is unlikely that the overall results had changed

substantially had the missing 10 patients been included into

follow-up.

Table 1 Vascular risk factors in the 16–45 and 46–55 years age groups

Variable (valid n/%) Frequency

(n/%)

Frequency (n/%) in 16–45

years age group (n = 284)

Frequency (n/%) in 46–55

years age group (n = 340)

p

Hypercholesterolemia (614/98) 290/47 99/35 191/58 \0.001

Smoking (616/99) 265/43 114/41 151/45 0.288

Hypertension (622/99.7) 215/35 60/21 155/46 \0.001

Prior stroke or TIA (624/100) 85/14 38/13 47/14 0.907

Diabetes (622/99.7) 52/8 7/2.5 45/13 \0.001

Coronary heart disease (620/99) 33/5 7/2.5 26/8 0.004

Atrial fibrillation (606/97) 22/4 5/1.8 17/5 0.029

Thrombophilia (376/60) 30/8 22/12 8/4.3 0.012

Women with oestrogen intake (246/249) 49/20 44/32 5/4.6

Oral contraceptives 42/31 4/3.7 \0.001

Hormone replacement therapy 2/1.5 1/0.9

Family history of stroke (553/87) 134/24 45/18 89/30 0.002
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Comparison of age groups (16–45 years, n 5 284,

versus >45 years, n 5 340)

Hypercholesterolemia, hypertension, diabetes mellitus (all

p\ 0.001), coronary heart disease (p = 0.004), atrial fib-

rillation (p = 0.029) and a positive family history of stroke

(p = 0.002) were significantly more frequent in older

patients (Table 1). Oestrogen use was more common in

younger women (p\ 0.001). Older patients had a signifi-

cantly higher number of modifiable vascular risk factors

per person than younger patients (p\ 0.001, Fig. 2a).

Aetiologies were significantly different. Large-artery

atherosclerosis and small-vessel disease were more fre-

quent in the older, and other aetiologies like cervicocere-

bral artery dissection (CAD) and thrombophilia more

common in the younger age group (p\ 0.001, Fig. 2b).

Recurrence rate (p = 0.718), and outcome (p = 0.115)

were similar in both age groups.

Discussion

The most important findings of this study are (1) the high

percentage of almost three-quarters of young adults with IS

having at least one modifiable vascular risk factor; (2) the

still high (20 %) rate of patients with stroke of unknown

aetiology despite a complete diagnostic workup in 96 %;

(3) a low mortality rate; and (4) a high number of unfa-

vourable outcomes, as more than a third of patients had not

reached an mRS 0–1 after 3 months.

Risk factors

Nearly three-quarters of young adults with IS had at least

one modifiable vascular risk factor such as smoking, arterial

hypertension, hypercholesterolemia, diabetes mellitus, and,

in women, oestrogen intake. Age made a significant dif-

ference in terms of risk profiles. The patients in the older

age group of 46–55 years had a significantly higher riskT
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load compared with adults aged B45 years (Table 1;

Fig. 2a). In both age groups, risk factors were clearly more

frequent than in the general population (Fig. 3, based on the

Swiss Health Survey 2012 [16]), taking into account the

temporal trends since 1997, thus covering the same time

period as the SYSS recruitment phase.

Fig. 2 a Number of modifiable

risk factors and b distribution of

aetiologies according to age

group. LAA large-artery

atherosclerosis, CE

cardioembolism, SVD small-

vessel disease, NE negative

evaluation, IE incomplete

evaluation, Multiple more than

one aetiology possible

Fig. 3 Modifiable vascular risk factors in young adults with IS compared to the general population. FSO CH Swiss Federal Statistical Office
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The high percentage of risk factors and its increase with

age is similar to previous research in young adults with

stroke [12, 17, 18].

Aetiology

With the exception of a small single-centre retrospective

study [19], previous studies reported an undetermined IS

aetiology in a third up to half of young stroke patients

(Suppl Fig. 1) [1–9]. Cardioembolic IS was the most fre-

quent TOAST-subtype in our study, while most previous

studies reported cardioembolism in less than a fifth of

young patients [1–9]. This difference might be explained

by the common use of transoesophageal echocardiography

in our study centres, leading to a more frequent detection of

cardiac sources of emboli.

Other determined aetiologies, particularly cervical

artery dissection (CAD), were the second most frequent

aetiology (17 %), which is in line with previous single-

centre studies [2, 8]. However, the ‘‘sifap’’ study reported

CAD in only 9 % of young IS patients [4]. Again, technical

diagnostic aspects such as the routine use of vessel imaging

and the use of MRI with fat suppression technique when-

ever CAD was suspected in our study centres, might

explain this difference. Unlike some previous studies

demonstrating Fabry disease in up to 4 % of patients with

cryptogenic stroke, but in line with the recent prospective

‘‘sifap’’ study, our percentage of patients with Fabry dis-

ease was low (0.3 %) [4, 20–25]. In contrast to sifap, we

did not identify any case of ‘‘probable’’ Fabry disease,

defined either as the D313Y mutation or a complex intronic

haplotype in combination with increase of blood and urine

Gb3. Both SYSS patients with Fabry disease were 45 years

of age or older at time of diagnosis, thus might have been

missed in studies investigating adults up to 45 years only.

Intracranial large-artery atherosclerosis and small-artery

disease were the third and fourth most frequent aetiolo-

gies, which is in line with the high rate of modifiable risk

factors in young stroke patients, emphasizing the impor-

tance of primary vascular risk prevention already at young

age.

Even though our diagnostic workup was extensive,

additional investigations, such as long-term cardiac rhythm

monitoring searching for atrial fibrillation, as suggested in

the latest literature [26], might further decrease the number

of patients with unknown IS aetiology.

Outcome

Outcome in young adults has been investigated in studies

mostly comprising limited patient numbers [1, 3, 6–8, 10–

12, 27, 28]. Direct comparison of the results is hampered

by the differences in outcome measures and timing of

follow-up.

Case fatality rates were higher in studies published

before 2000 than thereafter [1, 3, 6–8, 27, 28]. After 2000,

fatality was generally less than 5 % during the first months

after stroke and similar to our fatality rate (2.9 %).

Previous studies reporting functional outcome with

detailed mRS-scores showed mRS 0–1 in 63–71 % and

mRS 0–2 in 84–94 % of survivors [3, 6–8, 11, 28], which is

in line with our study (mRS 0–1 in 63 %, mRS 0–2 in 88 %

of survivors). Even though nearly two-thirds of our patients

had a favourable outcome (mRS 0–1), only half of these

were working fulltime at 3 months. Functional outcome

has not improved over time since the first of the above-

mentioned studies were published in the late 1990s, despite

the decrease of unknown aetiologies. In SYSS, stroke

aetiology had no significant impact on outcome.

Few studies investigated the influence of risk factors on

recurrence and outcome in young adults with stroke. In line

with a previous study of our group on a different population

of young adults with stroke, previous IS/TIA was a risk

factor for recurrence, and diabetes mellitus and high NIHSS

score on admission predictors of unfavourable outcome [6].

In patients with FELS included in the Helsinki Young

Stroke Registry, diabetes mellitus was again found to be a

risk factor for recurrent IS and other vascular events [29].

Our study did not confirm further findings of the afore-

mentioned and other previous studies, describing the pres-

ence of other vascular risk factors than diabetes,

vasculopathic and cardioembolic stroke aetiology, older

age, or male sex as predictors of recurrence [6, 7, 12, 30, 31]

and older age, male sex, or the presence of other vascular

risk factors as predictors of unfavourable outcome [6–8].

Limitations

This study is not population based. However, a selection

bias due to recruitment in stroke centres is likely to be low,

since in Switzerland stroke patients, particularly the young,

are commonly admitted to a stroke centre such as the ones

participating in SYSS.

When comparing frequencies of vascular risk factors in

SYSS-participants with the general population, we have to

bear in mind the methodological differences of the Swiss

Health Survey and SYSS. The Health Survey data were

acquired by a questionnaire survey of a general population

sample, asking for hypertension or high cholesterol levels

once in life, or diagnosis of diabetes. Assuming that only a

minority of young adults in the general population is

checked for these conditions, their prevalence is likely to

be underestimated. Different definitions of age groups may

hamper the comparison of prevalence further.
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We did not assess baseline mRS-scores. However, dis-

ability before the stroke is rare in young stroke patients.

The diagnostic workup was broad, but screening for

coagulation disorders was only performed in selected

patients. Considering the low diagnostic yield of blood

coagulation disorder screening in all young patients with

IS, the probability of having missed a substantial number of

positive results is low. Drug screenings were not performed

on a regular basis either.

Conclusions

To our knowledge, this is the first prospective multicentre

study of consecutive ischaemic stroke patients aged

16–55 years that not only provides information on risk

factors and stroke aetiology, including rare diseases such as

Fabry disease, but also on stroke recurrence and clinical

outcome of young stroke patients and the predictors of

recurrence and outcome. Most young adults with IS have

modifiable vascular risk factors, emphasizing the need for

better primary prevention strategies addressing young adults,

adolescents and even children. This holds even more true

when considering the high morbidity of IS in the young,

which leads not only to potentially deleterious consequences

for the individual patient, but has a considerable socioeco-

nomic impact due to the reduction in working lifetime and

long duration of dependency on nursing and social care.

With a thorough diagnostic workup, aetiology can be

determined in 80 %. Outcome is favourable in less than two-

thirds and depends on the initial stroke severity (NIHSS) and

the presence of diabetes mellitus.
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