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Abstract

Stroke is one of the most devastating pathologies of the early twenty-first century demonstrating 1-month case-fatality rates
ranging from 13 to 35% worldwide. Though the majority of cases do occur in individuals at an advanced age, a persistently
increasing portion of the patient cohorts is affected early in life. Current studies provide alarming statistics for the incidence of
“young” strokes including adolescents. Young stroke is a multifactorial disease involving genetic predisposition but also a
number of modifiable factors, the synergic combination of which potentiates the risks. The article analyzes the prevalence and
impacts of “traditional” risk factors such as sedentary lifestyle, smoking, abnormal alcohol consumption, drug abuse, overweight,
hypertension, abnormal sleep patterns, and usage of hormonal contraceptives, among others. Further, less explored risks such as
primary vascular dysregulation and associated symptoms characteristic for Flammer syndrome (FS) are considered, and the
relevance of the FS phenotype for the stroke predisposition at young age is hypothesized. Considering the high prevalence of
known genetic and modifiable risk factors in the overall predisposition to the young stroke, the risk mitigating measures are
recommended including innovative screening programs by application of specialized questionnaires and biomarker panels as
well as educational programs adapted to the target audiences such as children, adolescents, and young adults.

Keywords Youngadults - Stroke - Risk factors - Individualized patient profile - Etiology - Vascular - Abnormal BMI - Blood flow -
Microcirculation - Life style - Sleep patterns - Migraine - Hormonal regulation - Psychology - Stress - Screening program -
Flammer syndrome - Phenotype - Questionnaire - Risk assessment - Baroreceptor sensitivity - Cardiac - Circadian thythm -
Tinnitus - Thermoregulation - Altered sensation - Body dehydration - Predictive preventive personalized medicine

>4 Olga Golubnitschaja 6
Olga.Golubnitschaja@ukbonn.de

CEMBIO, University of Bonn, Bonn, Germany

Department of Immunochemistry, University Hospital Pilsen,
Department of Histology and Embryology, Faculty of Medicine in Pilsen, Czech Republic

Pilsen, Charles University, Staré Mésto, Czech Republic

8 Radiological Clinic, UKB, Rheinische
Friedrich-Wilhelms-Universitit Bonn, Sigmund-Freud-Str. 25,
53127 Bonn, Germany

Biomedical Centre, Faculty of Medicine in Pilsen, Charles
University, Staré Mésto, Czech Republic

Department of Neurology, University Hospital Pilsen, and Faculty of

Medicine in Pilsen, Charles University, Staré Mésto, Czech Republic

®  Breast Cancer Research Centre, UKB, Rheinische
Department of Biology, Faculty of Medicine in Pilsen, Charles Friedrich-Wilhelms-Universitit Bonn, Bonn, Germany

University, Staré Mésto, Czech Republic

Department of Social and Assessment Medicine, Faculty of Medicine
in Pilsen, Charles University, Staré Mésto, Czech Republic

Centre for Integrated Oncology, Cologne-Bonn, UKB, Rheinische
Friedrich-Wilhelms-Universitit Bonn, Bonn, Germany

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13167-019-00162-5&domain=pdf
mailto:Olga.Golubnitschaja@ukbonn.de

82

EPMA Journal (2019) 10:81-99

Introduction

Stroke belongs to the most devastating civilization diseases
with a high impact on the health and quality of life with over
15 million new cases annually worldwide [1]. It is among the
leading causes of death and disability demonstrating 1-month
case-fatality rates ranging from 13 to 35%. From the European
perspective, approximately 1.1 million individuals suffer a
stroke each year [2, 3]. Further, the socio-economic conse-
quences for the EU are dramatic by the total cost of stroke in
2015 as high as €45 billion.

Though the majority of all cases are diagnosed in elderly
patients, there is a substantial number of individuals (approxi-
mately 10% of all cases) suffering from first-ever stroke below
the age of 50 years, so-called "young" strokes [4]. Moreover,
the incidence as well prevalence of stroke in young adults is
dramatically increasing for the high-income as well as middle-
and low-income countries representing a global challenge [5].

The dramatic burden of young strokes may be explained, at
least in part, by an increasing incidence of the major vascular
risk factors of stroke in youth and even in children [5, 6].
Specifically in young adults, the well-known risk factors such
as hypertension, hyperlipidemia, diabetes mellitus, smoking,
heavy episodic alcohol consumption, low physical activity,
coronary heart disease, and obesity are common; some of
them are increasingly prevalent. This actuality provides an
opportunity for the targeted and personalized primary preven-
tion of stroke in adolescents and young adults.

Further, about 20-30% of stroke cases in young adults
remain of unknown etiology [4, 5, 7, 8]. The majority of
young adults with stroke are presented to the hospital and
diagnosed too late and outside the time window for intrave-
nous fibrinolysis [9]. Therefore, specifically, the subgroup of
young strokes should get subjected to the extensive medical
research and improved medical services following a paradigm
shift from reactive medicine to an appropriate predictive diag-
nosis, innovative screening programs, and targeted primary
and secondary prevention linked to the treatments tailored to
the person. Contextually, educational measures to the profes-
sionals and general population as well as novel strategies in
the overall stroke management are needed [10, 11].

The actual article overviews the “traditional” stroke-
related factors, which are acknowledged as contributing to
increased stroke risks in both—elderly and young individ-
uals. On the other hand, the article introduces possible novel
risk factors and justifies their potential relevance particular-
ly for the young stroke cases, contributing therefore to the
clarification of the cases with currently unclear etiology.
New mitigating strategies are discussed how to work spe-
cifically on the modifiable risk factors to efficiently combat
the increasing incidence of young stroke cases by utilizing
risk assessment within innovative screening programs ap-
plied to young populations.
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Definition of young stroke

In the majority of studies, the young stroke is defined as the
first-ever cerebrovascular event presenting in adults aged be-
tween 18 and 50 years [4, 12]. However, some studies dedi-
cated to young strokes do refer to other age limits, which
differs from that, e.g., 45 [13, 14] or 55 years [7, 15], as well
as go for a wider range starting by 15 years of age [16].
Regarding the latter, however, because of distinct and more
specific stroke etiologies in neonates, children, and young
teenagers, these patient groups are discussed separately in
the vast majority of studies [17-20].

Classification of young stroke

About 80% of young strokes are ischemic, while about 20%
are hemorrhagic. The ischemic young strokes are classified
(same as the strokes in general population) into the etiological
subtypes by the TOAST (Trial of ORG 10172 in Acute Stroke
Treatment) classification [21]. These subtypes are (1) large-
artery atherosclerosis, (2) cardioembolism, (3) small-vessel
occlusion, (4) stroke of other determined etiology, and (5)
stroke of undetermined etiology also called cryptogenic. It is
well documented that the stroke of other determined etiology
(such as cervical arterial dissection, hematologic diseases, vas-
culitis, malignancies, Illicit drug use, pregnancy and puerpe-
rium, thrombophilia and others) is more prevalent in younger
patients (<45 years and even more <35 years) compared to
the older ones (> 45 years) [4, 8, 13, 22]. The proportion of
cardioembolism (due to cardiomyopathy, atrial fibrillation/
flutter and others) is also higher in younger patients. In con-
trast, the large-artery atherosclerosis occurs relatively rarely in
very young adults but its incidence increases with the age
enhancing the stroke risk.

In contrast to elderly, a large number of young strokes aged
mainly between 18 to 35 years [4, 8] demonstrating unknown
etiology reaches up to 39.6-42% in some studies [16, 22] that
is extremely challenging for the healthcare sector and the so-
ciety at large.

Rising incidence of young stroke
Young stroke incidence in high-income countries

The incidence of stroke in young adults was dramatically in-
creasing during the last two decades. The burden of young
stroke is observed in high-income as well as middle- and
low-income economics demonstrating a global trend [5].
There is a substantial rise in the hospitalizations rate for ische-
mic stroke in contrast to relatively stable rates for intracerebral
and subarachnoid hemorrhage.
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The US study from The Greater Cincinnati/Northern
Kentucky region showed trends towards increasing stroke in-
cidence mainly at younger ages. The proportion of young
strokes (aged <55 years) increased from 12.9% in 1993/
1994 to 18.6% in 2005 and was significantly increased in both
black and white subpopulations [23]. Another US study eval-
uated the changes in acute stroke hospitalization rates for chil-
dren and young adults aged up to 44 years in the time
period 1995-2008 [24]. This study found that prevalence of
hospitalizations of acute ischemic stroke increased among al-
most all age- and gender-stratified subgroups with the greatest
increment in patients aged 35-44 years (28.2 vs. 38.6 per
10,000 hospitalizations, relative change of 36.9%).

French population-based study from the Dijon Stroke
Registry examined changes in the incidence of stroke in indi-
viduals aged < 55 years old over the 27-year study period [25].
The incidence of ischemic stroke per 100,000 people/year was
continually rising from 8.1 in the period 1985-1993 to 10.7 in
the period 1994-2002, and up to 18.1 in the period 2003—
2011, which was not the case for intracerebral hemorrhage
(the incidence per 100,000 people/year 3.2 vs. 1.9 vs. 1.9 in
the same time periods, respectively).

An increasing stroke incidence among patients aged 30 to
65 years is observed also in Sweden. The 3-year average inci-
dence increased from 98.9 to 118.0 per 100,000 among men (by
19%) and from 48.4 to 64.4 among women (by 33%), between
the time periods 1989-1991 and 1998-2000 [26].

The recently published US study examined temporal trends
in hospitalization for acute ischemic stroke using the
Nationwide Inpatient Sample among adults older than 25 years
[27]. Whereas the hospitalization rates decreased for individ-
uals aged above 65 years, the numbers increased for individ-
uals aged 25 to 44 years by 43.8% (16 to 23 per 100,000) and
45 to 64 years by 4.7% (149 to 156 per 100,000) in years 2000
to 2010. Blacks demonstrated the highest hospitalization rates
annually, followed by Hispanics and Whites.

Finally, the Danish study using National Patient Register
identified all cases of first-ever hospitalized stroke and tran-
sient ischemic attack (TIA) in people aged by 15 to 30 years
[28]. It was shown that the stroke hospitalization rates in-
creased by 40%, and the TIA hospitalization rates increased
by threefold during the time period from 1994 to 2012. A
particularly dramatic increase in ischemic stroke incidence
was observed after the year 2006. Consistent with other stud-
ies, the incidences of hospitalizations for intracerebral hemor-
rhage and subarachnoid hemorrhage remained stable during
the study period.

Young stroke incidence in middle- and low-income
countries

The stroke in young adults is on rise in middle- and low-
income countries. This trend was observed in the recently

published 10-year population-based study originated from
Brazil [29]. Overall stroke incidence increased by 62% in
subjects younger than 45 years and by 29% in those younger
than 55 years. Similarly to the high-income economics, this
study demonstrates rising incidence of ischemic young
strokes, in contrast to the hemorrhagic ones.

Further, an increasing stroke incidence among the low-
income young and middle-aged adults in rural China was ob-
served during the time period between 1992 and 2015 years
[30]. The rural areas of South Africa show very high young
stroke incidence of 301.1 per 100,000 in the age subgroup 33—
44 years and 723.2 per 100,000 for patients aged between 45
and 59 years. The stroke incidence is high (121.6 per 100,000)
also in a very young population aged 15-29 years [31]. In con-
sensus, a multicenter study involving 15 sites in Nigeria and
Ghana showed a very high (24.3%) proportion of patients aged
1849 years among all CT/MRI-confirmed stroke cases [32].

Changing milieu of young stroke risk factors

Originally, it was observed that the profile of risk factors in
young stroke differs from that in the major stroke cohort,
because of more frequent occurrence of so-called rare risk
factors and etiology more specific for young patients (cervical
arterial dissection, hematologic diseases, vasculitis, malignan-
cies, Illicit drug use, pregnancy and puerperium,
thrombophilia, infections, Fabry’s disease, patent foramen
ovale, among others) [4, 33].

However, the prevalence of traditional vascular risk factors
originally identified mainly in old patients (hypertension, dys-
lipidemia, diabetes mellitus, smoking and others) is now dra-
matically rising also in the cohort of young stroke, as it is the
case in young populations in general [7, 34-36]. Further, the
pathogenic synergies of such risk factors seem to predomi-
nantly contribute to stroke specifically in young adults. The
recently published results from the large international study
including 32 countries in Asia, America, Europe, Australia,
the Middle East, and Africa clearly show that the modifiable
risk factors altogether represent 92.2% of population attribut-
able risks (PARs) of stroke in patients aged below or equal to
55 years [37]. Similarly, an appearance of eight identified
modifiable risk factors was well explanatory for as many as
78.9% of all first-ever young strokes from 26 clinical stroke
centers in patients aged 18 to 55 years [6]. These observations
are of a substantial relevance for the better primary prevention
of stroke in young populations.

Genetics of stroke in young adults

It is generally accepted that a synergic interplay between ge-
netic predisposition and environmental risk factors leads to the
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stroke development. Genetic factors play more dominant role
in young strokes than for elders [38] being more prevalent in
patients younger than 70 years of age [39]. The heritability
and phenotype that can be attributed to genetic factors of
stroke was estimated of 40.3% for large-artery ischemic
stroke, 32.6% for cardioembolic ischemic stroke, 16.1% for
small artery occlusion ischemic stroke, 73% for lobar intrace-
rebral hemorrhage, and 34% for deep intracerebral hemor-
rhage (heritability set for all stroke patients population) [40,
41].

Monogenic diseases associated with young stroke

Pathogenesis of stroke may develop due to disorders associ-
ated with a monogenic (Mendelian and mitochondrial) inher-
itance: about 5% of young stroke cases are estimated to be
caused by that, in contrast to about 1% for elderly stroke
patients [33, 42]. In monogenic disorders, the presence of
one pathogenetic mutation is usually sufficient to manifest a
phenotype. However, not all the subjects carrying the same
mutation may manifest a complete pathology-related pheno-
type [38].

There are more than 50 monogenic diseases known, which
phenotypic manifestation includes genetic predisposition to
the stroke [33]. These diseases include some mitochondrial
pathologies as well as Mendelian inheritance; for some of
them, stroke is predominantly manifested, whereas in others,
stroke occurs rather rarely. For instance, mitochondrial en-
cephalomyopathy with lactic acidosis and stroke-like episodes
(MELAYS) is one of the most common mitochondrial diseases,
the clinical features of which include early onset of migraine,
seizures, cognitive impairment, hearing loss, and stroke-like
episodes. Etiology of stroke-like episodes originates from
vasogenic edema [43]. The A3243G and T3271C gene chang-
es in tRNA Leu (UUR) are the most frequent mutations de-
scribed as associated with MELAS [44-46].

With Mendelian inheritance, familial hemiplegic migraine
may be responsible for stroke-like episodes observed specifi-
cally in children and teenagers. Typical clinical features are
hemiparetic, sensory, visual, or dysphasic long-lasting aura,
but also basilar migraine and cerebellar ataxia are common
accompanied by the stroke-like episodes and coma as possible
complications. Approximately 50% of all cases are caused by
mutations in the CACNATA gene which encodes the alphal A
sub-unit of the voltage-gated calcium channels in neurons [47].

Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) is the most
common cause of hereditary cerebral small-vessel disease
and vascular cognitive impairment in young adults [48].
Disease develops due to dominant mutations in the
NOTCHS3 gene [49, 50].

Fabry disease is the X-linked congenital lysosomal storage
disorder with incomplete penetrance and variable expressivity
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caused by mutations leading to partial or total deficit of x-
galactosidase A enzyme [51]. It is characterized by a progres-
sive accumulation of glycosphingolipids in many tissues in-
cluding vascular endothelial cells, heart, and neurons. The
tissue damage, at least partly, is caused due to poor perfusion
[52]; the clinical manifestation of the disease includes stroke
[53, 54].

Ischemic stroke is one of the manifestations of several her-
itable connective tissue disorders. This group of disorders in-
cludes vascular Ehlers-Danlos syndrome (type IV) caused by
dominant mutations in the collagen III gene (COL3A1), or
Marfan syndrome caused by autosomal dominant mutations
in the fibrillin 1 (FBN1) gene affecting the musculoskeletal
and cardiovascular systems [38].

In Europe, rather uncommon but more prevalent in African
and African American populations, hemoglobinopathy may
also cause stroke. Further, the sickle cell disease may occur
in combination with hemoglobinopathies. Generally, these pa-
tients can compensate hemolytic anemia and transient ische-
mic attacks; however, in a big portion of them, about 11% of
patients by 20 years and 24% by 45 years of age, ischemic and
hemorrhagic strokes do occur [47]. A timely diagnosis of the
monogenic disease predisposing to the stroke allows for the
targeted therapy avoiding the disease manifestation.

Polygenic predisposition to young stroke

Polygenic predisposition is a more common cause of young
strokes than the monogenic one. Moreover, in this case, the
stroke pathogenesis is of multi-factorial nature by genetic and
environmental interplay. RNA and proteins, as products of the
stroke predisposition-related genes, are involved in homocys-
teine metabolism, coagulation and fibrinolysis, expression of
platelet glycoproteins, renin-angiotensin-aldosterone system,
lipid metabolism, inflammation, and in extracellular matrix
remodeling (matrix metalloproteinases) [38]. Contextually,
the role of and interrelationship between mutations and
SNPs in a large number of candidate genes have been inves-
tigated utilizing genome-wide association study (GWAS) ap-
proach; however, the output is somewhat controversial as ex-
emplified below.

Hyperhomocysteinemia is an independent risk factor for is-
chemic stroke [55]. The MTHFR C677T variant reducing by
50% the activity of MTHFR enzyme involved in the homocys-
teine metabolism was reported to be significantly associated
with early onset of the ischemic stroke [56, 57]. Some studies
indicate a synergistic interaction between C677T MTHFR var-
iant and lipid metabolism in the development of
atherothrombotic stroke [58]. Gene variants affecting coagula-
tion and fibrinolytic system were the subject of a number of
analyses and subsequent meta-analyses to investigate their asso-
ciation specifically with the young stroke. Here, the prothrombin
G20210A variant is associated with increased prothrombin
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levels and correlates with the stroke predisposition [59]. The
Factor V Leiden (c.1691G4A) is a mutated form of human
factor V resulting in a resistance to the activated protein C,
proved to be a stroke predisposing condition [60]. A significant
association between Factor V Leiden and early-onset ischemic
stroke was found in studies, where cases were selected on the
basis of having cryptogenic stroke or recruited from a subset of
patients referred for a thrombophilic work-up [61, 62].

Lipoprotein lipase (LPL) is an important enzyme of lipid
metabolism, hydrolyzing triglycerides from chylomicrons and
VLDL, and removing chylomicron remnants as well as
VLDLs from circulation. Mutations of lipoprotein lipase were
described changing the protein sequence: Serd47Ter in exon
9, the Asn291Ser in exon 6, and p.Asp9Asn that may increase
the risk of ischemic stroke [60].

Many other candidate genes are being studied with contra-
dictory output, since the results are affected by the fact that
specific gene mutation on the one hand and SNPs (discussed
below) on the other hand are multiple and develop synergic
interrelationships rather than affecting the risks individually.
Based on the analysis of SNPs frequencies, GWAS provided
indications that variants linked to the stroke risks are not neces-
sarily located within the coding regions being therefore not the
causal ones, but rather involved in the disequilibrium of the
functionally relevant alleles located in close proximity to
correspoding SNPs.

CHARGE Risk Score Project has included 2047 first-stroke
> 55-year-old patients of the European origin, elaborating on a
Genetic Risk Score matching 324 SNPs stroke-related risk fac-
tors; this project revealed a limited prediction power for the
stroke predisposition [63]. In contrast, other studies found spe-
cific SNPs being significantly associated with the stroke partic-
ularly in young adult patients. Some of the associations seem to
be specific for the stroke subtypes. Locus on chromosome 4q25
near the transcription factor PITX2 has been recorded as asso-
ciated with cardioembolic stroke [64] as well as Rs1906591
and rs10033464 [65]. The rs505922 in the ABO gene has been
associated with large-vessel and cardioembolic stroke. The
SNP rs11984041 in HDAC9 gene has been associated with
large-vessel atherosclerotic stroke [66, 67]. The rs12425791
and rs11833579 polymorphisms close to the NINJ2 gene have
been associated with an increased risk for all types of ischemic
strokes [68]. The rs660599 (on MMP12 locus) has been asso-
ciated with the large-artery stroke [69].

In conclusion, permanently increasing genome-related
knowledge clearly demonstrates that the reliable risk as-
sessment for the stroke predisposition cannot be based sole-
ly on the genetic factors such as gene variants, the effect of
which could be further modified by other conditions [60].
Consequently, a multi-level diagnostic approach is essential
which is a promising to significantly increase the robust-
ness of predictive power and the efficacy of the follow-up
preventive measures.

Vascular risk factors associated with young
stroke (Table 1)

Arterial hypertension

Arterial hypertension (HT) is one of the most important risk
factors of stroke [90]: the risk of stroke is increasing by the
duration of hypertensive period and age [91-93].

Further, arterial hypertension represents the major risk also
for young strokes. The SIFAP1 (The Stroke in Young Fabry
Patients) study composed of a large multinational European
cohort of young strokes (4467 patients aged 18 to 55 years)
observed very high prevalence of HT among the study partici-
pants (46.6%) [7]. Noteworthy, HT was observed in a signifi-
cant portion (29.3%) of individuals aged below 45 years. To
this end, the Dutch FUTURE study including young stroke
patients aged 18 to 50 years and showing the high prevalence
of HT (28.3%) among all strokes, has recorded the higher pro-
portion specifically of the ischemic compared to hemorrhagic
strokes (29.3% vs. 19.1%, resp.) [70]. Another recent study
performed in Finland including 990 patients aged 15 to 49 years
with first-ever ischemic stroke has identified HT in 39.3% of all
cases [71]. Within the patient cohort, HT has been recorded also
in the youngest subgroup of stroke patients aged 18 to 35 years
(9%); HT prevalence was increased significantly in patients
aged 36-45 years (25%) also in the other study [13]. The
Korean study found the HT in 57 from 149 ischemic stroke
patients (38.3%) aged 15 to 44 years, with higher incidence in
men compared to women (42.9 vs. 24.3%, resp.) [14].
Considerably high prevalence of HT (44.4%) was observed
among 1395 stroke patients aged 18 to 45 years by the study
performed in Northern China [72]. The cross-studies analysis
revealed a dramatic increase in the prevalence of HT among the
young stroke patients over the age of 35 years [4].

In conclusion, an increasing prevalence of HT is an evident
risk factor of young stroke cases [94]. Consequent mitigating
measures by normalization of blood pressure may significant-
ly decrease the lifetime risk of stroke [93].

Dyslipidemia

Dyslipidemia and, in particular, high levels of low-density
lipoprotein cholesterol (LDL-C) accompanied by the reduced
levels of high-density lipoprotein cholesterol (HDL-C) are
known risk factors for ischemic stroke [95]. Dyslipidemia
has been, further, associated with higher risk of ischemic
stroke recurrence that is particularly evident in large-artery
atherosclerosis subtype of stroke [96].

Dyslipidemia is an important risk factor among the group
of young strokes as well. The high prevalence of dyslipidemia
(34.9%) has been observed in the SIFAP1 young strokes study
[7] demonstrating dyslipidemia as more common among men
than women (39.3 vs. 28.5%, resp.) being diagnosed in 23.7%
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of the youngest subgroup of stroke patients aged 18 to
44 years. The Dutch FUTURE study, further, showed the high
prevalence of dyslipidemia (26.8%) among all young strokes,
with the higher proportion in ischemic compared to hemor-
rhagic ones (26.2 vs. 5.9%, resp.) [70]. The Estonian study of
young stroke patients aged 18 to 54 years has identified high
prevalence of dyslipidemia among first-ever stroke subjects
(45.5%) as well as among patients with stroke recurrence
(47.9%) [22]. Dyslipidemia was the most common risk factor
(52.7%) in Italian study of young stroke involving patients
younger than 50 years [73]. Similarly, hypercholesterolemia
was identified in a big portion (35%) of young stroke patients
aged 16 to 45 years and even more prevalent (58%) in the
group aged 46 to 55 years as recently published by Swiss
study [8]. In consensus, the high prevalence of dyslipidemia
(48.2%) has been demonstrated by the West African SIREN
study involving 2118 young strokes aged 18 to 50 years [32].
In contrast, only a small portion (7.5%) of Brazilian ischemic
young strokes suffers from dyslipidemia [74]. The cross-study
analysis has demonstrated an increasing association of dyslip-
idemia prevalence with young stroke onset [4]. To this end, an
increasing incidence of dyslipidemia and obesity is currently
monitored within the subpopulations of children, adolescents,
and young adults worldwide [97, 98] that is alarming in the
context of lifetime increased stroke risks.

Diabetes mellitus

The history of diabetes mellitus (DM) is rather linked to is-
chemic but less to hemorrhagic stroke [37]. DM has been
diagnosed in 5.9% of young stroke patients with the higher
incidence (7.2%) of the ischemic stroke [70]. The SIFAP1
study observed the higher prevalence of DM in stroke patients
compared to healthy controls (10.1 vs 4.3%, resp.) [6]. The
relatively low prevalence of DM has been identified in the
young stroke patients aged 16 to 45 years, however, with an
increasing prevalence in older groups (aged 46 to 55 years) by
Swiss study (2.5 vs 13%, respectively) [8]. The significantly
higher prevalence of DM has been observed in recurrent
strokes compared to first-ever strokes in Estonian young
stroke study (18.8 vs. 9.7%, resp.) [22]. Another study showed
6.7% prevalence of DM among young stroke patients [73].
Among 1395 young adults aged 18 to 45 years investigated in
Northern China, DM has been diagnosed in 13.8% [72].
Further, whereas DM prevalence among young stroke patients
recorded in high-income countries is relatively low, signifi-
cantly bigger portion of young stroke patients suffering from
DM is demonstrated for the low-income African population
by the West African SIREN study [32].

In conclusion, DM is a global healthcare and socio-
economic burden demonstrating an epidemic character and
being linked to a cascade of severe collateral pathologies
[35, 99] including evidently increased lifetime stroke risks
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[100, 101]. However, being frequently linked to the modifi-
able risk factor of overweight and obesity (see more details in
the below sub-chapter), specifically the dominating type 2
DM requires specialized screening population programs
followed by the targeted preventive measures focused specif-
ically on the needs of young subpopulations which may sig-
nificantly benefit the healthcare sector and society as a whole
[99].

Abnormal body mass index (BMI)
Obesity and overweight

Overweight (BMI >25 to <30 kg/m?) and obesity (BMI >
30 kg/m?) significantly increases cardiovascular risks in gen-
eral and specific risks of stroke including young stroke cases
[102-104].

The population-based multivariate analysis adjusted for
age, sex, and ethnicity involving 1201 stroke patients aged
1549 years and 1154 controls has demonstrated significantly
increased stroke risk (HR 1.57, 95%CI 1.28-1.94) for obese
individuals (BMI > 30 kg/mz) [75]. This association, however,
has been attenuated after adjustment by other pathology-
relevant risk factors such as smoking, hypertension, and dia-
betes mellitus, which obviously are interrelated by synergic
effects. Other research groups have investigated 990 patients
aged 15 to 49 years with first-ever ischemic stroke demon-
strating 105 individuals (10.6%) with the obesity [71].
Another study involving 150 ischemic stroke patients younger
than 50 years has recorded 16% obesity prevalence in the
patient cohort examined [73]; thereby, higher prevalence
was observed in patients older than 35 years compared to
the patients equal or below 35 years of age (18.8 vs. 4.3%,
resp.). The SIFAP1 study has monitored the high prevalence
of obesity in the subgroup of stroke patients aged 18 to
44 years (19.5%) and only slightly higher in the older group
aged 45 to 55 years (24.1%) [7]. The Estonian study has re-
corded obesity in both—the first-ever (9.7%) and in recurrent
(7.3%) young strokes [22]. In addition to the BMI monitoring,
an increased waist-to-hip ratio has been clearly associated
with an increased stroke risk in the large INTERSTROKE
study involving 26,919 stroke patients [37]. To this end, par-
ticularly in the younger subgroup of patients (aged <55 years)
an enhanced waist-to-hip ratio has been associated with a sig-
nificantly increased stroke risk (second vs. first tertile HR
1.42, 99%CI 1.15-1.75; third vs. first tertile HR 1.56,
99%ClI 1.23-1.98).

As prevalence of childhood and young adulthood obesity
has increased dramatically over the past three decades [105],
innovative screening programs and effective preventive mea-
sures are urgently needed to work on this modifiable factor, in
order to reduce the stroke risks [106, 107].
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Abnormally low BMI

The recently published population-based study involving 3.6
million adults from the UK clearly showed U-shape risks as-
sociated with the abnormal BMI, which means health risks for
both overweight and underweight individuals, including cere-
brovascular diseases [108]. Moreover, large analysis involv-
ing 491,773 US adults has identified an increased risk of
stroke (HR 1.32, 95%CI 1.313—1.328) among underweight
individuals (BMI < 18.5 kg/m*) compared to those with nor-
mal weight (18.5 to 24.9 kg/m?) [76]. Even higher stroke risk
in underweight individuals (HR 1.44, 95%CI 1.431-1.450)
has been showed after adjustment for age, sex, presence of
diabetes or prediabetes, hypercholesterolemia, hypertension,
smoking status, and physical inactivity. Relative risk estimates
remained increased in the underweight population especially
among the younger population (aged under 40 years). In con-
sensus, the other study involving 104,928 subjects has dem-
onstrated higher stroke risk for underweight (BMI < 18.5 kg/
m?) men (HR 1.29, 95%CI 1.01-1.49) and even more pro-
nounced risk for underweight women (HR 1.92, 95%CI 1.49—
2.47) [77].

In conclusion, although the stroke risk by low BMI is less
extensively investigated than the risks by high BMI, the recent
studies indicate high relevance of this area for the stroke re-
search and clinical implementation in terms of innovative
screening programs, prediction and targeted mitigating mea-
sures, particularly focused on the needs of young populations.

Lifestyle risks associated with young stroke
Cigarette smoking

Cigarette smoking is generally acknowledged stroke risk fac-
tor; the strong correlation between the dose and stroke risks
has been described [37, 109]. Moreover, cigarette smoking
demonstrates synergic effects with other stroke-relevant risk
factors such as hypertension and multi-faceted stroke risks
linked to the poor socio-economic situation and educational
level of the affected individuals [110].

Specifically in young populations, cigarette smoking re-
mains an important risk factor: substantially higher risk (HR
1.88) of stroke among the current smokers versus never
smokers has been observed in the population-based case-con-
trol study dedicated to the risks of ischemic stroke in men aged
15 to 49 years [78]. Contextually, a dose-response relationship
between smoking and stroke risk has been recorded, ranging
from HR 1.46 for those smoking less than 11 cigarettes com-
pared to HR 5.66 for more than 40 cigarettes daily. Similarly
for females, the population-based case-control study involv-
ing 466 stroke patients and 604 healthy controls aged 15 to
49 years has recorded significantly higher stroke risk in

current smokers compared to never smokers (HR 2.6,
P <0.0001) [79]. Also regarding the dose-response relation-
ship, here, the highest risk of stroke was demonstrated for
those who smoked 40 and more cigarettes per day (HR 9.1).
In consensus, the cross-studies analysis has concluded the
smokers prevalence over 50% among men and 40% among
women in the youngest subgroup of patients aged 18 to
24 years [4]. The high prevalence of smokers (44.6%) has
been monitored among 990 young adults aged 15 to 49 years
with first-ever ischemic stroke in the study performed in
Finland [71]. The Swiss study has observed high prevalence
of smokers among both age-stratified subgroups of young
stroke patients, namely 1645 and 46-55 years of age (41
vs. 45%, resp.) [8]. Here, the portion of smokers was similar
between first-ever and recurrent young stroke patients indicat-
ing the low efficiency of the smoking cessation as the second-
ary preventive measure against young stroke (34.7 vs. 28.1%,
resp. P=0.202) [22].

In conclusion, due to the high prevalence of smokers in
young stroke patient cohorts, and the dose-response relation-
ship between smoking and an increased stroke risk, cigarette
smoking represents one of the most appropriate targets among
modifiable risk factors for the primary prevention of young
stroke [78, 79].

Excessive alcohol consumption

Light drinking and low alcohol intake was repeatedly associ-
ated with lower risk of ischemic as well as hemorrhagic
strokes [111-113]. The J-shaped risk association between al-
cohol intake and stroke morbidity and mortality has been
identified in a large meta-analysis including 27 prospective
studies and 1,425,513 individuals in total [114].

Consequently, the high (more than 60 g of alcohol daily)
and even more excessive alcohol consumption is clearly
associated with an increased stroke risk as demonstrated
by a number of studies [37, 111, 112, 114, 115]. Regular
excessive alcohol intake elevates the risk of acute ventric-
ular and supraventricular cardiac arrhythmias and atrial fi-
brillation predisposing to cardioembolic stroke, elevates
blood pressure, activates platelets and humoral hyper-coag-
ulation, which individually and synergically predispose to
the ischemic stroke [116].

Excessive alcohol consumption increases the risk of young
strokes as demonstrated for instance by the large
INTERSTROKE study including young individuals aged be-
low and equal to 55 years: excessive and heavy episodic al-
cohol intake versus never or former drinking has been com-
pared (HR 2.20, 99%CI 1.49-3.23) [37]. In consensus, the
SIFAP1 study has shown that the majority of men (63.1%)
and a high portion of women (36.9%) among young stroke
patients regularly consumed alcohol specifically in the youn-
gest subgroup of patients aged 18 to 24 years [7]. The high
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stroke risk by abnormal alcohol consumption has been iden-
tified in a big portion of patients (33.0%), further, pronounced
in men against women (41.9 vs 20.1%, resp.). Noteworthy,
Estonian study has showed that an excessive alcohol con-
sumption was a prevalent risk among first-ever (17.5%) as
well as recurrent young strokes (13.5%) [22]. The high prev-
alence of the abnormal alcohol intake (41.6%) has been iden-
tified among 1395 young stroke patients aged 18 to 45 who
have been investigated in Northern China [72]. Moreover, the
alcohol intoxication is associated with an increased risk of
both—ischemic (HR 1.93, 95%CI 1.74-2.13) and hemorrhag-
ic stroke (HR 2.92, 95%CI 2.51-3.40) [117].

In conclusion, excessive alcohol consumption represents
an important modifiable risk factor for young stroke. As the
alcohol consumption at early age has long-term consequences
in life [118], corresponding preventive and educative pro-
grams should be considered for children and youth.

Low physical activity

Regular physical activity reduces the risk of stroke generally
and for people younger than or equal to 55 years (HR 0.60,
95%CI 0.45-0.80) [37]. As recommended by the American
Heart Association, exercising 2.5 h or more per week is asso-
ciated with a significant reduction of stroke risks (HR 0.41,
95%CI 0.35-0.48).

In contrast, low physical activity and sedentary lifestyle
belong to the prevalent stroke risk factors including young
strokes (HR 5.8, 95%CI1 5.1-6.7) [6]. For instance, as reported
by SIFAP1 study, low physical activity (defined as walking
less than 1 mile per day) has been identified as a risk factorin a
big portion of young stroke patients—both males (46.6%) and
females (50.4%) [7]. On the other hand, the jobs which require
working in a standing position as well as of higher intense
physical activity significantly increase risks of TIA and stroke
[119, 120], demonstrating the need of well-balanced physical
activities for an effective prevention of stroke.

In conclusion, the propagation of well-balanced physical
activities under professional supervision is an issue for inno-
vative preventive programs focused on reducing the incidence
of young strokes in general populations.

Abnormal sleep duration

The abnormal sleep duration, both too short and too long, is
associated with an increased risk of stroke [121-124].
However, this association varies by race and sex [125]. By
the meta-analysis of 16 prospective studies, an approximate
U-shaped risk has been identified for stroke, stroke-related
mortality, and dose-response [123]. Compared with 7 h sleep
duration per day, each 1-h decrease or increase of the sleep
duration enhances the stroke and stroke-related mortality risks
(pooled HR 1.17, 95%CI 1.13—1.20). The same U-shaped
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dose-response risk has been observed in another study includ-
ing 218,155 Australian adults older than 45 years [80]; the
risks reported were especially prominent at the younger age
but not evident in individuals older than 75 years. In SIFAP1
study, less than 6-h night sleep duration has been observed in
17.9% of young stroke patients, being more pronounced in
men compared to women (20.6 vs. 13.9%, respectively) [7].
On the other hand, the long sleep duration (>9 h) has been
identified in 18.5% of men and 27.2% of women. Thereby, the
most prevalent long sleep duration (>9 h) has been reported
for the youngest subgroup of patients aged 18 to 24 years
(50% of women and 26.1% of men). Though much rarely,
some sleeping disorders such as obstructive sleep apnea have
been reported for young stroke cases [71, 126].

In conclusion, 7-8 h per night is the recommended normal
duration of the good-quality sleep. However, in case of indi-
vidual deviations, a consultation by an expert in sleep medi-
cine is essential to analyze the causality followed by the mit-
igating measures tailored to the person, in order to avoid po-
tential adverse health effects including young stroke cases.

Drugs abuse

Especially among adults, drug abuse represents an important
global health and social problem [127, 128]. Regular illicit
drug users are in a higher risk of stroke as recorded specifical-
ly for cocaine, ecstasy, methamphetamines, and cannabis [4,
12]. One of the studies has reported on the Illicit drug use for
12% of young stroke patients aged 18 to 45 years [13]; there-
by, in the youngest subgroup (aged 18 to 35 years), the prev-
alence was even higher (18%). Another USA study has pub-
lished similar statistics for the prevalence by 12.1% of illicit
drug use in the cohort of young stroke patients aged 15 to
44 years [81]. Noteworthy, the drug-associated stroke in
young adults has been linked specifically to the vascular
mechanisms rather than to other risk factors such as hyperten-
sion, diabetes etc.

Further, the substantially increased risk of ischemic stroke
is systematically reported for young cannabis users [129]. The
study that investigated stroke patients aged 18 to 55 years has
clearly demonstrated the cannabis use association with an in-
creased risk of transient ischemic attack (TIA) and ischemic
stroke (HR 2.30, 95%CI 1.08-5.08) [130]. The cannabis in-
take leads to multifocal intracranial vasoconstriction strongly
associated with the stroke risks [82]. Contextually, another
study has demonstrated significantly increased risks of stroke
and TIA especially for patients using cannabis on a weekly
basis and more frequently (incidence rate ratio 4.7, 95%CI
2.1-10.7) [131]. Similarly, cocaine abuse is associated with
an increased risk of ischemic strokes (HR 2.03, 95%CI 1.48—
2.79) but also of hemorrhagic ones (HR 2.33, 95%CI 1.74—
3.11) in young patient cohorts [83]. Methamphetamine abuse
is related mainly to hemorrhagic young stroke [83, 132].
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Hypertension, vasculitis, direct vascular toxicity, and vaso-
spasm are the mechanisms underlying methamphetamine-
associated strokes [132].

In conclusion, the prevalence of illicit drug use as an ac-
knowledged risk factor is steadily increasing among young
stroke patients [15]; to this end, even occasional drug misuse
significantly elevates the risk of stroke [133]. Consequently,
well-designed educational programs focused on the needs of
adolescents and children are essential to mitigate the danger of
the drug misuse and related adverse health effects in young
populations.

Other potential risk factors associated
with young stroke

Migraine

Personal history of migraine, in particular with aura, is asso-
ciated with increased risks of both—ischemic and hemorrhag-
ic strokes (HR 2.26 and HR 1.94, resp.) [134—136]. The
migraine-associated risks of stroke are higher for women
(HR 2.08, 95%CI 1.13-3.84) than men (HR 1.37, 95%CI
0.89-2.11) [135]. Women aged below 45 years, who suffer
from migraine with aura, smokers using oral contraception are
particularly predisposed to the stroke development [135, 137].

Further, in the SIFAP1 study, the lifetime history of mi-
graine has been reported for 18.8% of men and 37.8% of
women with stroke; the highest prevalence has been moni-
tored specifically in the subgroup of patients aged 25 to
34 years [7]. Similarly, another study has reported on the his-
tory of migraine for 17% of young stroke patients aged 15 to
49 years [71]. Noteworthy, higher migraine prevalence has
been observed in patients with no any other well-
documented stroke risk factors compared to patients with at
least one additional stroke risk factor (23.6 vs. 16%, P =
0.032). The history of migraine with aura has been demon-
strated as more prevalent specifically in the subgroup of very
young stroke patients aged below and equal to 35 years [73].

In conclusion, young individuals, particularly females, suf-
fering from migraine with aura are at an increased risk of
stroke, which is, further, strengthened by smoking and using
of hormonal contraception. This evidence should be incorpo-
rated into the dedicated information campaign to increase
awareness among young people.

Hormonal contraceptives

Hormonal contraceptives to protect young women against un-
desirable pregnancies are broadly used as oral, transdermal, or
vaginal drugs containing either combined estrogen and pro-
gestogen (combined oral contraceptives—COC) or progesto-
gen alone. By evidence, COC demonstrates prothrombogenic

effect sufficiently increasing the risks of cardiovascular dis-
eases [138, 139].

Further, using COC is associated with an increased risk of
stroke in young female subpopulations. The large meta-
analysis including 24 independent studies among young
women in the reproductive age (18 to 50 years) has demon-
strated an increased risk of ischemic stroke (pooled HR 1.7,
95%CI 1.5-1.9) among COC users compared to non-users
[84]. Thereby, the stroke risk has not been linked to the
progestogen-based drugs. In contrast, the dose-dependent
stroke risk has been clearly demonstrated for users of the
estrogen-based contraceptives with the highest risk by pills
containing > 50 pg of estrogen.

The use of COC is associated with an increased risk of
ischemic (pooled HR 1.8, 95%CI 1.2-2.8) but not hemorrhagic
strokes [85]. The risk of stroke is persistently elevated also for
the second and third generation of COCs as well as non-oral
hormonal contraceptives [140]. Though for the progestogen-
based contraceptives no risk elevation is so far demonstrated,
the data used are limited and further research is needed to
confirm their potential safety regarding the stroke risks [141].

In conclusion, the use of hormonal contraceptives general-
ly increases the stroke risks, which are further potentiated by
synergic effects of other risk factors such as smoking, history
of migraine with aura etc. This evidence should be incorpo-
rated into the dedicated information campaign to increase
awareness among young people.

Pregnancy, puerperium, and associated complications

Pregnancy and puerperium are both associated with an elevat-
ed risk of stroke with the predominance of hemorrhagic stroke
type [142, 143]. The study involving more than 2 million
women in England aged 15 to 49 years clearly showed nine-
fold higher incidence of stroke during peripartum period
(2 days before and 1 day after delivery) and threefold higher
incidence during early postpartum (up to 6 weeks after deliv-
ery) compared to non-pregnant women [86]. Noteworthy, the
highest risk of stroke during peripartum and early postpartum
has been identified among the youngest subgroup of pregnant
women aged 15 to 24 years (HR 11.9, 95%CI 5.5-25.6).

The risk of ischemic stroke among women aged 18 to
50 years is significantly increased by the multiple (>3) preg-
nancy loss (HR 3.51, 95%CI 1.08-11.35) and stillbirth (HR
2.06, 95%CI 0.81-5.23) that acts an independent risk factor
[87]. Further risk by delivery of a preterm or small-for-
gestation-age-infant has been associated with an occurrence of
cardiovascular diseases and stroke later in life even after adjust-
ment for socio-economic factors, smoking, and pregnancy-
related complications [144]. The risk of stroke is, further, sig-
nificantly elevated by specific pregnancy-associated patholo-
gies such as pregnancy-inducted hypertension, gestational dia-
betes mellitus, and preeclampsia [145-147].
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In conclusion, innovative screening programs, predictive
diagnostics, and proper management of complications linked
to pregnancy would significantly contribute to stroke preven-
tion in young women and women in general.

Psychosocial factors

The psychosocial stress is another modifiable risk factor asso-
ciated with the stroke risks: the case-control INTERSTROKE
study involving 32 countries has demonstrated an increased
risk of stroke (HR 2.20, 95%CI 1.78-2.72) by evidence of
psychosocial stress (measured as combination of stress at
home and work, life events, and depression) [37]. Thereby,
the highest risk of stroke has been observed for China (HR
5.79, 95%CI 3.39-9.87), whereas the lowest risk—for
Western Europe, North America, and Australia (HR 1.19,
95%CI 0.72—1.96). To this end, men were more affected than
women (HR 2.59 vs. HR 1.77, resp.).

Further, the psychosocial stress is demonstrated as the
stronger risk of stroke for young individuals aged below or
equal to 55 years compared to older ones (HR 2.36 vs. HR
2.06, resp.) [37]. In consensus, another study has demonstrat-
ed high prevalence of psychosocial stress (57.2%) among
young stroke patients (age <55 years) [88]. Being highly at-
tractive from view point of predictive and preventive medical
approaches, this risk factor has been reported for stroke pre-
stage in the study [88]. The cross-study meta-analysis has
concluded that psychological factors increase the risk of
stroke by 39% (pooled HR 1.39, 95%CI 1.27-1.51) [89].

Hypothesized relationship between Flammer
syndrome phenotype and young stroke
risks—potential utility of specialized
questionnaires for the risk assessment

As discussed in the previous sections, the proportion of stroke
cases without any known etiology or identifiable risk factor
among the youngest subgroup of patients reached up to 39.6—
42% in some studies [16, 22]. No history of risk factors asso-
ciated with atherosclerosis such as hypertension, dyslipid-
emia, diabetes mellitus, obesity, or smoking was evident for
these patients. Also neither cardiac disease nor classical “rare”
etiology is identified and therefore, the etiopathogenesis of
such strokes in young adults remains currently unexplained.

Keeping in mind an urgent need of innovative screening
programs which would enable to provide young populations
with an effective targeted prevention against clinical manifes-
tation of the pathology, a risk assessment specifically for
young stroke should be considered in the context of subopti-
mal health conditions demonstrating the relevant risks and
predisposing the affected individuals to pathology manifesta-
tion early in life.
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Due to symptoms characteristic for the Flammer syndrome
(FS) [148, 149], we hypothesize here a potential relationship
between FS phenotype and increased risks of the young stroke
predisposition. FS describes a phenotype characterized by the
presence of primary vascular dysregulation accompanied by a
cluster of symptoms and signs, among others including fre-
quently cold extremities, low blood pressure, prolonged sleep
onset, shifted circadian rhythm, reduced feeling of thirst, al-
tered drug sensitivity, and an increased sensitivity towards
stress and pain sensation. The FS phenotype is prevalent in
several patient cohorts demonstrating hypoxic, ischemic, and
/or neurodegenerative features such as normal-tension glauco-
ma, anterior ischemic optic neuropathy, retinal vein occlu-
sions, Sicca and Susac syndromes, central serous
chorioretinopathy [150], as well as multiple sclerosis and met-
astatic breast cancer [151-156]. Regarding the latter, systemic
hypoxic effects have been demonstrated as being particularly
relevant for the development of an aggressive metastatic dis-
ease such as brain metastasis frequently observed in young
breast cancer patients [155] with FS phenotype [154].

The individuals with FS are less prone to atherosclerosis
but exhibit signs of endothelial dysfunction [157]. The sys-
temic imbalance by an increased release of endotelin-1 acting
as the vasoconstrictor against the endothelial vasodilator NO
is considered to be the key driver in the FS and related pathol-
ogies; due to the systemic effects, the mechanism may affect
the functionality of the brain vessels [158]. Other FS charac-
teristic symptoms and signs analyzed below may further syn-
ergically contribute to the cerebrovascular events being poten-
tially indicative for the stroke predisposition in young
individuals.

The hypothesis is strongly supported by evidence provided
in the recently (2016-2018) published articles which we refer
in the below paragraphs to and becomes systematically eval-
uated in the currently run multicenter studies under participa-
tion of the clinical and research groups presented by the au-
thors of this paper.

Cluster of the FS symptoms potentially relevant
for screening programs focused on young stroke

Compromised cerebral blood flow, disturbed
microcirculation, cold extremities

Regulation of the cerebral circulation is very complex which
relies on the interplay between cardiovascular, respiratory, and
neural physiology. Compromised cerebral blood flow is a
well-acknowledged risk factor of stroke; consequently, cere-
bral circulation monitoring is suggested as critical for the
stroke prediction, prognosis, and management [159]. On the
other hand, FS-affected individuals frequently demonstrate
strongly compromised and disturbed microcirculation that is
evident by their cold extremities even during the summer time
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and/or in situations, when non-FS individuals feel comfortable
with the actual temperature [148, 160].

Baroreceptor sensitivity and altitude sickness

Increased baroreceptor sensitivity has been demonstrated in
the context of compromised cerebral blood flow and predis-
position to the ischemic stroke [159]. On the other hand, FS-
affected individuals demonstrate a prolonged adaptation to the
changing altitude and a tendency towards altitude sickness
[161, 162].

Cardiac component

Arterial blood pressure is one of the key players in the stroke
pathomechanisms, and the cardiac component plays an impor-
tant role in the regulating processes [159]. Further, the intra-
operative hypotension has been demonstrated as a risk factor
for adverse outcomes in stroke patients [163]. On the other
hand, low blood pressure and/or even cardiomyopathy have
been reported for the FS individuals [148, 164].

Hormonal (dys)regulation: estrogen level, migraine with aura,
and vascular risks

Hormonal (dys)regulation linked to the estrogen levels in
blood and vascular risks plays an important role in cerebro-
vascular pathologies as demonstrated for young stroke pa-
tients suffering from migraine with aura [165-168]. On the
other hand, migraine with aura is frequently observed in indi-
viduals with FS phenotype [161] with higher prevalence of
this phenotype in females [148].

Dizziness

Increased prevalence of stroke has been demonstrated for pa-
tients with isolated vertigo and vascular risk factors [169]. On
the other hand, dizziness is a characteristic symptom of the FS
phenotype [170]. Both vascular dysregulation and increased
baroreceptor sensitivity play a role in the appearance of the
symptoms.

Tinnitus

Tinnitus is highly prevalent in individuals with FS pheno-
type [170], FS-affected patients diagnosed with xerostomia
[156] and/or metastatic breast cancer [154]. On the other
hand, the association between the appearance of tinnitus
and increased risks of ischemic cerebrovascular disease
has been demonstrated specifically in young and middle-
aged patients [171].

Altered thermoregulation and feeling inappropriately cold

Although cerebral thermoregulation remains poorly under-
stood, recent studies demonstrate detectable brain temperature
disturbances and brain-systemic temperature decoupling in-
volved in the stroke pathology [172]. Moreover, based on
the evidence, an altered brain thermoregulation is proposed
to serve as a neuroimaging biomarker in CNS injury. On the
other hand, altered thermoregulation in FS-affected individ-
uals has been demonstrated as potentially linked to FS-
associated pathologies [160].

Reduced thirst perception and body dehydration

Robust statistical data demonstrate that nearly half of acute
stroke patients are dehydrated at the time of admission
[173]. The state of dehydration can play a role in CNS perfu-
sion and lead to hemoconcentration and vascular sludging,
exacerbating the stroke. On the other hand, a reduced thirst
perception is characteristic for the FS individuals; consequent-
ly, if their daily liquid intake is not properly controlled, these
deficits may cause significant body dehydration as discussed
in recent publications [160]. Moreover, in young individuals
demonstrating symptoms of xerostomia, FS phenotype is
highly prevalent [156].

Further, Sjogren syndrome has been demonstrated as asso-
ciated with prevalent cerebrovascular disease [174, 175].
Finally, similarities between Sjogren and Flammer syndromes
such as Sicca symptoms, among others, have been analyzed in
the literature [176].

Low BMI

Slim body shape is characteristic for FS-affected individuals
[170]. On the other hand, the BMI < 25 has been demonstrated
as a general risk factor of an increased mortality by cerebro-
vascular disorders [108].

Altered circadian rhythms and sleep patterns

Altered circadian rhythms and sleep patterns are characteristic
for the FS-affected individuals [170, 177]. On the other hand,
sleep-wake disorders have been demonstrated as the risk fac-
tor of stroke and deteriorated recovery [178]. The necessity for
targeted prevention and personalized treatments has
clearly been stated.

Psychologic factors and stress
FS-affected individuals demonstrate obsessive personality
and tendency to perfectionism frequently linked to increased

psychologic stress [170] that has been extensively discussed
in context of several pathologies potentially linked to FS
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phenotype including both neurodegenerative eye disorders
[179] and oncologic diseases [152—154], and corresponding
molecular mechanisms and targets for stress response have
been clearly identified [180, 181]. Similarly, chronic stress
and mood disorders have been proposed to play a significant
role in the pathomechanisms of the multifactorial stroke pre-
disposition [182, 183].

Conclusions and expert recommendations

Young stroke is a multi-factorial disease which may involve
the genetic component but also many of modifiable factors,
the combination of which potentiates the risks of the patholo-
gy onset. Particularly, a series of modifiable risk factors ana-
lyzed here as known and highly prevalent in the patient cohort
of young strokes motivate a reconsideration of the currently
persisting reactive approach to the stroke management in fa-
vor of predictive diagnostics and personalized mitigating mea-
sures for individuals at risk, together composing the advanced
strategy of targeted prevention. The proposed instruments are

—  Specialized questionnaires providing the initial informa-
tion about potential risks and indicating the necessity of
follow-up laboratory tests

— Biomarker panels for multi-level diagnosis demonstrating
high predictive power

— Mathematical algorithms to estimate the level of risks
based on the individualized patient profiles

— Innovative screening programs strongly promoted by the
state and focused on the groups in general population
stratified by risks such as children and adolescents in poor
socio-economic situation, family history of the genetic
predisposition, persons with abnormal weight, and preg-
nant women

—  Well-designed educational measures adapted to the target
audiences such as children, adolescents and young adults

—  Educational programs for the care-relevant professionals
such as general practitioners, psychiatrists, gynecologists,
and neurologists, among others.
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