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Abstract

The young stroke population represents a significant rehabilitation challenge. When compared to older
stroke patients, young patients are more often employed, caring for dependants, and relying on work-
related income. Although much less common than in older patients, strokein youngadults hasan annual
incidence rate from 6 to 20 per 100,000 individuals annually (Leys et al. 2002). For every 5 individuals
who experience a stroke, 1 is under the age of 65 while 5% of all stroke patients are younger than 45
years old. This represents a significant number of patients with some unique rehabilitation needs (Dixon
et al. 2007, Stone 2007). This chapter reviews current research pertaining to incidence, risk, etiology,
rehabilitation, recovery and prognosis of stroke in younger patients. Additional topics relevant to the
young stroke population are also featured: Return to work, family stress, institutionalization, patient
perceptions of care, and future needs.
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Key Points

l

The incidence rate of young stroke patients varies considerably due to differing population
demographics surveyed.

Approximately one third of young stroke victims suffered a stroke of unknown etiology.

Hypertension, arteriovenous malformations, ruptured aneurysms, or a combination of these
factors are the most common causes for hemorrhagic strokes in young individuals.

The majority of strokes in young patients are ischemic.

Patients under 30 experience more uncommon etiologies. Potential causes of young strokes are
likely due to genetic factors or pre-existing conditions/diseases that increase the risk of strokes.

Modifiable risk factors for stroke include smoking, hypertension, hyperlipidemia, diabetes mellitus,
excessive alcoholconsumption, drug use, oral contraceptive usein women, and migraine with aura
in young females.

Non-modifiable risk factors for stroke include family history, patent foramen ovale, age, race,
mitral-valve prolapse, and pregnancy/postpartum in young females.

Young stroke patients have a better recovery and prognosis when compared to older stroke
patients.

Young stroke rehabilitation differs when compared to the typical older stroke rehab because of a
better likelihood of neurological recovery and unique social issues.

Improved recovery of young stroke patients tends to put less stress on caregivers; however,
struggles are often associated with changes in relationships and difficulty adjusting post-stroke.

Institutionalization is required infrequently in young stroke patients andis generally associated with
severe stroke and poor or limited social support.

Vocational issues are often neglected in young stroke patients’ rehabilitation.

Vocationalissues in young patients areinfluenced by job type, cognitive ability, functional recovery
and stroke severity.

Young patients post-stroke tend to have unique psychosocial and supportive needs rather than
specific health concerns.
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21.1Incidence of Stroke in Young Patients

Stroke is generally considered to be a condition that occurs in elderly individalsell et al. 2000The
mean age for acute strokedawer 70years in industrialized countries. Stroke also occurs in youngersadult
(age <50yvith an incidence rate from 6 to 20 per 100,000 individuals ann(ladlys et al. 2002Moreover,
stroke incidence for patients under 75 years old has incregdethansson et al. 2000for every 5
individuals who experience a stroke, 1 is enthe age of 65while 5% of all stroke patients have been
found to be younger than 45 years of age. Rutdatobg2011)reports that up to 12% of all strokes
occuredin patients aged 1&0. This representssgnificantnumber of young strokpatientswho often
havewith unique rehabilitation need@ixon et al. 2007; Stone 2007)

Both physical and cognitive skills are impacted b
of life (Keppel & Crowe 2000; O'Connor etal. 2005; Roding 20@@nger stroke survivors are at a stage

in their life whee employment isoften important. As well, they areften more likely to be caring for

children Rehabilitation strategies for elderly patients are not always applicable for younger patients
(Stone2005) Few studies have assessed the specific needs of young stroke péltientgt al. 2003)

with limited insightfromy oung stroke survivor s’ \Dixenetpab2087t s on
Low et al. 2003; Stone 20Q%)onsequently, the needsf young stroke patients areften not being

addressed within the context of inpatient rehabilitation which tends to focus on older stroke patients
(Rdding et al. 2003; Stone 2005)

The incidence of stroke in young individuals is significantly less than in older indiiGbalsdehari &

Moud 2006) Incidence rates for age ranges below the age of 50 have spanned from 3/100,000 to
44.3/100,00dBonita et al. 1984; Cabral et al. 2008r$d et al. 2009; Ghandehari & Moud 2006; Harmsen

et al. 2009; Jacobs et al. 2002; Marini et al. 2001; Rasura et al. .2800@8)iew by Marini et a2010)

found incidence rates of stroke in yousrgindividuals(<45 years of agestandardized to the 2000
European population, ranging from 6.14/100,000 to 48.51/100,000 per year, or 8.70/100,000 to
21.10/100,000 per year once outliers had been removed. For individuals between the ages of 50 and 64
years, stroke occurs at a rate of approximately 3/1,000 pessbetween the ages of 65 and 74 years, the
incidence is approximately 12/1,000 and doubles to approximately 25/1,000 for persons 80 years and
over (AbuZeid et al. 1975Bonita 1992; Bonita et al. 1984; Mayo et al. 1991; Shah & Bain .1989)
Interestingly,the annual incidence rates were found to differ between young male and female stroke
survivors. Naess et al. (2002) found a marginally greater incidencamateg first ever cerebral infarct
patientsfavouring males (12.9/100,@) compared to females (B8/100,000) SimilarlyKang et al. (2011)
found that the incidence of firsever stroke was 17800,000 amag males aged 454 versus
113/100,000 among females of the same age group

Studies have also compared the incidence of stroke in young adultirmeeOne study found the highest
increasing incidence rate from 1992 to 2012 to be in individuals between the ages of 45 and 64, with a
slightly lower increasing rate in individuals less than 45 y@&feng et al. 2015Kim et al(2013)showed

a decreasing incidence rate over time, with a significant decrease in the crude incidence of individuals
aged 029 years from 5.1 in 2006 to 4.3 in 2010. Unfortunately, the age standardized incidence rate did
not decrease significantly.

In patierts less than 45 years old, Li et@015)Yound an incidence rate of 21.9 associated with ischemic
stroke compared to the incidence rate of 19.4 with hemorrhagic stroke from 2006 to 2ZBé&hcidence
of subarachnoid hemorrhages compared to intracer¢bemorrhages was not clearly determined.
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Among young individuals with stroke, the incidence rates was suggested to range from 3/100,000 to
44.3/100,000. These rates are substantially lower compared to those of older individatd were

found anywhere from 3/1,000 to 25/1,008troke in youngepatients has become a major socioeconomic
issue(Bjorkdahl & Sunnerhagen 2007; Mehndiratta et al. 2Q0@&)survivors have a longer time to live
with their physical impairments. The cost of stroke in young people exceeds that of stroke in older people
due to a loss in productivity and more psychosocial complicatidasobs et al. 2002; Nayak et al. 1997)
These complications include stress in the family, institutionalization, return to work and future needs
(Teasell et al. 2000The rehabilitation of yang stroke patients presents distinct challenges in achieving
the best possible outcomes.

Conclusions Regarding Incidence of Stroke for Younger Individuals
The incidence of stroke in young patients is notably lower than in older patients. Variable intide
rates have been reported, ranging from 3/100,000 to 44.3/100,000 and 3/1,000 to 25/1,000 for
younger versus older individuals, respectively.

The incidence of stroke in young patients has increased over time.

The incidence of ischemic stroke tends ® greater than the incidence of hemorrhagic stroke.

The incidence rate of young stroke patients varies considerably due to dif§epopulation
demographics surveyed.

21.2 Stroke Etiology

Stroke in younger populations tend kave a wider variety of etiolags than older stroke cohorts. Unique
to young patients is the higher percentage of stroke which is of undetermined c#&Gsescini et al.
2008) Among cohorts of young strokes (defined as less than B&3waletiologesare more prevalent in
those <35 years of age, whereas those betweerb3%ears of age are more likely to be diagnosed with
early onset of an etiology more common to older patiefisicobs et al. 2002)As well, hemorrhagic
strokes occur more frequently younger populationgJ.L. RuiSandoval et al. 2006)

21.2.1 Undetermined Etiology

Previous studies suggest that a cause for stroke cannot be determined for up-hicchef young stroke

patients (Chancellor et al. 1989; S. J. Kittner et al. 19998 Rasura et al. 2006; Wityk et al. 2000)
However, variations in definition and <classifice
(Guercini et al. 2008}-or instance, Awada 994 separated unknown causes from uncertain causes, while

Varona etal. (2007)divided undetermined etiologies on the basis of complete versus incomplete
evaluations. Moreover, Lai et §2005)included preexamination mortality with unknown etiology, and

designated cryptogenic etiology for patients without risk factdisese studies suggest that incomplete
investigations or a lack of patient information may incorrectly assume an unknown cause of stroke in some
studies.

Multiple studies have analyzed trends in the prevalence of undetermined stroke. In a longitudital st
Varona et al(2007)reported that the number of cryptogenic diagnoses from 191888 compared to
19892002 decreased by 19%. The number of strokes with an undetermined etiology due to incomplete
evaluation also decreased by 38¥arona et al. 200&yhich wasattributed to improved diagnostic tools

and methods. Similarly, Balci et @011 yeported a decreased frequency of undetermined etiology when
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their population was compared to literature; this was believed to be a result of more extensive si@mgno
evaluations. The prevalence rates of undetermined etiologyealso higher among younger individuals
compared to older individuals. For instance, of those aged®386% had unknown etiologpash et al.
2014) whilea diagnosis of unknown etiology those aged over 36 ranged from 20.9% to 52(8%rlas

et al. 2013; Dash et al. 2014; Eun et al. 201L8%tly, in a comparison of undetermined etiology between
males and females, Dash et @014)reported a difference of 37.2% in favour of males. aitgh this
differencewasstatistically significant, the authors suggested that this difference may have been affected
by the 5:1 male to female ratio.

Conclusions Regarding Unknown Etiology

Up to one third of strokes in young people are of unknown etiology. However, as diagnostic methods
improve this proportion is decreasing.

Approximately one third of young stroke victims suffered a stroke of unknown etiology.

21.2.2 Hemorrhagic Etiology

Intracerebral hemorrhage (ICH) and subarachnoid hemorrhage (SAH) together constitute approximately
30-35% of all strokes in patients under the age of Alvada 1994; Jacobs et al. 2002; Teasell et al. 2000)
This appears to be significantly higher than 1f20% incidence rate reported for patients over the age

of 50 (Abu-Zeid et al. 1975; Awada 199Moreover, the majority of these young hemorrhagic stroke
patients are aged between 30 and @G et al. 2005; Mehndiratta et al. 2004; RBandoval et aR006)

There is a large degree of overiapthe cause of bleedingetween the subtypes of hemorrhagic stroke

in young patients.Meyer (1994)listed the following possible causes for ICH in young patients:
arteriovenous malformations (AVM), aneurysm, hypertension (HTN), blood disorders, brain tumors, and
inflammation of blood vessels and veins. Etiologies of hemorrhagic strokes are repasbteia1.2.2.1.

¢FofS HMPHPHDOM GO90HA2Ft23ASa 2F KSY2NNXKFIAO
Author, Year N Most common etiologies (%)
Awada(1994) 120 (age 1545) 1. HTN (27)
2. AVM (26.5)
RuizSandoval et al(1999) 200 (age 1%40) 1. AVM (49)
2. HTN (11)
Mehndiratta et al (2004) 127 (age 1540) 1. Aneurysm (44.4)
2. AVM (21.2), HTN (21.2)
Lai et al (2005) 296 (age 1545) 1. HTN (46.7)
2. AVM (16.9)
RuttenrJacobs et a{2013b) 724 (age 18&0) 1. HTN (23.5)
2. AVM (20.6)
Kalita et al(2014) 404 (age 1660) 1. HTN (79.2)
2. Cryptogenic (9.2)

When examining hypertension (HTN) as étielogy of ICH in young patients, race isiafluential factor
(Chong & Sacco 20058§ureshi et al1995)found that 64% of black stroke patients had Hi&ised ICH;
whereas RutSandoval et al(2006)reported that only 11% of young Mexican strokeipats had ICH
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attributable to HTNdetermined etiology (see also section 21.3.3 Ndodifiable Risk Factors: Race).
Kalita et al(2014)observed HTMaused ICH in 79.2% of participamsn Indian populationThis result

was drastically higher than the ¥%d.to 46.6% range reported in other studies; however, the authors
suggest that this difference may be due to the higher prevalence of HTN in the surveyed Indian population
compared to previously studied Western populations. HTN is more cortyrassociated vth ICHamong
younger stroke patients than in persons over age 45 with(I@tdng & Sacco 2005b; J.L. FBandoval et

al. 2006) This trend peaks significantly for those in the&bage rangé€Lai et al. 2005)Similar toHTN,

AVM is commonly found to age ICH in the second and third decade of(Neyer et al. 1994)

As mentioned, the majority of SAH etiologies in young patients overlap with those of ICH. Additional
etiologies associated with SAHre trauma and eclampsia in young womékeyer et al 1994)
Mehndiratta et al.(2004)found the most common cause of SAH to be a ruptured aneurysm (66.6%),
followed by AVM (33.3%; though this was only in 2 cases). Bevar(¥9aD)also found that 41% of SAH

in young people were caused by a ruptured arysm.

Conclusions Regarding Hemorrhagic Etiology

The most common causes for hemorrhagic stroke in young patients include hypertension,
arteriovenous malformation, ruptured aneurysm, or a combination of these factors.

HTN remains an important and moreommon cause of ICH in the younger population, with varying
rates among different races.

Hypertension, arteriovenous malformation, ruptured aneurysms, or a combination of these fagtors
are the most common causes for hemorrhagic strokes in young indivislual

21.2.3 Ischemic Etiology

Overall, individuals under the age of 45 account for fewer than 5% of the total number of ischemic infarcts
(Kristensen et al. 1997However, ischemic cerebral infarctions are the predominant subtype of stroke for
the youngerpopulation, with 4785% of young stroke events recognized as ischdiigada 1994,
Mehndiratta et al. 2004; Meyer et al. 199Between the ages of 449 there is a dramatic increase in the
number of strokes. This can be accounted for, in part, by anaserén advanced atherosclero¢izerro

& Crespo 1988; Siqueira Neto et al. 1996; Williams et al. 1997)

Multiple studies have classified the etiology of ischemic stroke in young participants; however, the results

are often inconsistent. A study of 300 s®tutive stroke patients with cerebral infarction under the age

of 40 found that premature atherosclerosis accounted for only 3% of the sti@amagarrementeria et

al. 1996) However, Love and Billéi.990)in their prospective study of 286 patientseag1545with a
cerebralinfarction, found that an atherosclerotic etiology was implicated in 26.9% of cases. Similarly, in a
retrospective study of 254 young st @B8&8feungttatt i ent s
35% of all strokes coulcehattributed to atherosclerosis. In one study, for patients younger than 40 years

of age, cardiac embolism was the most common cause of ischemic $keke & Crespo 1988; Hart &

Miller 1983) In contrast, recent studies comparing etiological differerizesveen age groups observed

a significantly greater proportion of cardioembolic strokes in older patients with a difference ranging from
3%t015.8% Bar |l as et al . 201 3; Dash et a.l . 201 4; Khea
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The etiology of ischemidreke in the young patient population diverse, with higher rates of uncommon
etiologies (discussed further belovgardioembolism, advanced atherosclerosis, dissection of the carotid
and vertebral arteries, hypercoagulable states, vasculitis, migraicegbral artery occlusion, nen
atheroclerotic vasculopathy, plasma homocysteine level, drug and alcohol abuse, hematological
disorders, stroke associated with postpartum stateadpariginase and infective meningitis are all
recognized as possible caus#sstroke(Barlas et al. 2013; Bendixen et al. 2001; Bos et al. 2005; Dash et
al. 2014; Hart & Miller 1983; Hillbom et al. 1995; Khealani et al. 2014; Kittner et al. 1999; Kristensen et al.
1997; Mehndiratta et al . 2 0 TbAWestoSan ehal. \(ROOI7;AMityk et &l. a |
2000)

Conclusions Regarding Ischemic Stroke
The majority of strokes in young patients are ischemic. Cardiac embolism is a frequent cause for

patients younger than 40, while advanced atherosclerosis is a commari@gy in patients aged 40
49.

The majority of strokes in young patients are ischemic.

21.2.4 Uncommon Etiologies

Strokes are uncommon iindividuals under the age of 45, and are even more uncommon under the age
of 30. Stroke etiologpf both hemorrhagiand ischemic strokem individuals under the age of 30 is
generally related to unknown or unusual causes. Hematological disorders, developmental cardiac
abnormalities chronic systemic inflammation and hypercoagulable state are all documented possibilitie
(Bevan et al. 1990; Ha et al. 2009; You et al. 1989dMe uncommon etiologies are also recognized as risk
factors for stroke in young patients: migraines, ratitneroclerotic vasculopathy, plasma homocysteine
level, drug abuse, alcohol abuse, mitral eaprolapse, oral contraceptives, strokaultifocal intracranial
stenosis, monoarterial intracranial stenosis, extracranial dissection, cardiac disease, polymorphis and BMI
associated with postpartum sta{@endixen et al. 2001; Bos et al. 2005; Hankey2Billbom et al. 1995;

S. J. Kittner et al. 1999; Kristensen et al. 1997; Munshiet al. 2011; Vassilopoulou etal. 2011; Westover et
al. 2007; Wityk et al. 2000; Wolff et al. 20X Bee also section 21.3: Risk Factors).

In a study conducted by Dash ét (@014) the prevalence of uncommon etiologies in young patients was
investigated. The authors studied the etiology of stroke in 440 patients ageby@ars found that the

cause of 17.3% of strokes was classified as other. They suggested that tmainlgsattributed to strokes

being more uncommon in young individuals, allowing for rare and genetic causes to prevail in young
populations. Multiple studies have also directly compared uncommon etiologies between young and old
patients(Barlas et al. 201X hen etal. 2013; Dash et al. 2014; Eun et al. 2013; Khealaniet al. 2014; Renna
et al . 2 01 4 ; GeBerallyj unanmnion etdoQies Wgre more prevalent in younger patients
with the difference ranging from 0.4% when comparing patient8b8earso 36-45 years, to 6.7% when
comparing patients greater than and less than 45 years.

Conclusions Regarding Uncommon Etiologies
Uncommon etiologies are likely in stroke patients under 30.
There are many uncommon etiologies that have been recognizedssfactors for stroke in young

patients, including but not limited to, migraines, nceatherocleroticvasculopathy, plasma
homocysteine level, drug abuse, alcohol abuse, mitral valve prolapse, oral contraceptives, stroke
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multifocal intracranial stenosis, monoarterial intracranial stenosis, extracranial dissection,
cardioembolism, cardiac disease, polymorphis, and Bid$ociated with postpartum state.

Patients under 30 experience more uncommon etiologkestential causes of young strokes are likely
due to genetic factors or preexisting conditions/diseases that increase the risk of strokes.

21.2.5 Summary

Stroke among young adults is uncommon; howeitetpes occur with ischemic stroke representing the
majority (Awada 1994; Mehndiratta et al. 2004; Megeal. 1994), followed by hemorrhagic and unkown
causes. The majority of stroke in young people are cerebral infarctions, which are often caused by cardiac
embolism for patients younger than 40 (Ferro & Crespo 1988; Hart & Miller 1983). Advanced
atherosderosis is more prevalent in patients aged 40 to 49 years (Ferro & Crespo 1988; Siqueira Neto et
al. 1996; Williams et al. 1997).

Proportionally, hemorrhagic and unknown causes of stroke are higher in the younger pop(llatiat

al. 2005; Mehndirattaet al. 2004; RuiSandoval et al. 2006Jacobs et al. 2002Diagnosis of
“undetermined causes accounts for up tQwaame thir
1994; Rasura et al. 200&nd up to 66% in patients aged-B8 years with fist-ever ischemic strokgy esilot

Barlas et al. 2013)ypical etiologies for hemorrhagic stroke include arteriovenous malformation,
ruptured aneurysm, hypertension, or a combination of these factdrecommon etiologies are likely in

stroke patients undeB0 yeargBendixen et al. 20Q)¥arona et al. 2007)Also, uncommon etiologies tend

to be more prevalent in young patients compared to older pati€B@rlas et al. 2013; Chen et al. 2013;

Dash et al . 201 4; Eun et a | 5). Hwvever3manyRre recognizeel s a |
both possilte etiologies and risk factors.

21.3 Risk Factors

Even though stroke in the young population is rare, the odds of a stroke event may incragsgight

exhibits one or more risk factors. Risk factors can dategorized as modifiable or nenodifiable. The
modifiable risk factors discussed are smoking, alcohol, drug use, cocaine, use of oral contraceptives,
hyperlipidemia, plasma homocysteine level, migraine, diabetes mellitus, Chlampgdiamoniaeand
hypertension. Nomamodifiable risk factors listed are family history, previous stroke, mitral valve prolapse,
patent foramen ovale, pregnancy & postpartum, gender, race and atrial fibrillation.

21.3.1 Modifiable Risk Factors

Smoking

Smoking is reported to be a significant risk factor for stroke among younger populétioes al. 2008;
Rasuraet al. 2006; J.L. R8andoval et al. 2006; Spengos & Vemmos 2010; You et al.. 198a€}, recent
studies have observed that smoking is thest common risk factor, found in approximately half or more
of the studiedstroke population (Arntz et al. 2015; Bejot et al. 2014; Chatzikonstantinou et al. 2012;
Putaala et al. 2012; Tsivgoulis et al. 2014; Von Sarnowski et al. . 2@ ¥3gstern populdaons, smoking
was listed as a risk factor in both young female and young male stroke pafiémttensen et al. 1997;
J.L. RuiBandoval et al. 2006In contrast, Lee et a(2002)and Kwon et a2000)found smoking to be
dramatically higher (>50%) young male stroke patients as opposed to young female stroke patients
living in Asia. Although the difference was not as drastic, Dash €@il4)found smoking to be 2.2%
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more prevalent in males when assessing patients 18 to 45 years in an Indian population. When compared
to an older population, Fromm et a{2011)found a significantly higher percentage of young stroke
patients had current smoking as a risk factor. Sinndaults were found for multiple studies withigher
smoking rates ranging from 16.9% to 27 6&twveen younger and older patien{€hen et al. 2013; Dash

et al. 2014; Park et al. 2014; Smajlovic et al. 20H8)ever, studies have also found instances wher
smoking is more prevalent in older patierftSoeggel Simonetét al. 201%; Khealani et al. 2014; Renna

etal. 2014)Seetable 21.3.1.1 below and also Chapter 8: Secondary Prevention of Stroke (8.7.3 Smoking).

Table 21.3.1.1 Smoking Prevalence in YguBtrokes

Author, Year N (age) Stroke Type Percentage with Risk
Factor
Adams et al(1986) 144 (1545) Ischemic 21%
Awada (1994) 120(15-45) Hemorrhagic 41.5%, Ischemic 58.! 26%
Barinagarrementeria et a(1996) 300 (<40) Ischemic 24%
You et al(1997) 201 (1555) Ischemic 56%
Nayak et al(1997) 177 (1545) Ischemic 47%
RuizSandoval et al(1999) 200 (1540) Hemorrhagic 20.5%
Camerlingo et al(2000) 135 (1645) Ischemic 23.7%
Kwon et al.(2000) 149 (1544) Ischemic 51%
Lee et al(2002) 264 (1845) Ischemic 49.8%
Schwaacet al. (2003) 160 (1545) Ischemic 88.7%, TIA 11.3% 54%
Musalino et al.(2003) 60 (1745) Ischemic 92%, TIA 8 % 46.7%
Mehndiratta etal. (2004) 127 (1540) Hemorrhagic 14.5%, Ischemic 85.! 15.9%
Nedeltchev et al(2005) 203 (1645) Ischemic 46%
CarodArtal et al.(2005) 130 (1545) Ischemic 24.6%
Lai et al(2005) 296 (1545) Hemorrhagic 38%
Rasura et al(2006) 394 (1447) Ischemic 56%
RuizSandoval et al(2006) 35 (1840) Hemorrhagic 14%
Lipska et al(2007) 214 (1545) Ischemic 37%
Varona et al(2007) 272 (1545) Ischemic 49%
Rallidis et al(2008) 135 (<3 Ischemic 94.8%
Jovanoyv({2@08) et a 865 (1545) Ischemic 37%
Arnold et al.(2008) 137 (<45) Ischemic 39%
Onwuchekwa et al(2009) 54 (1845) Hemorrhagic 35.2%, Ischemic 64.¢ 11.1%
Putaala et al(2009) 1008 (1549) Ischemic 44.2%
Bi et al.(2010) 1988 (3545) Hemorrhagic 95.7%, Ischemic 94. 38.8%
Spengos and Vemmdg010) 253 (<4 Ischemic 59.3%
Tan et al(2010) 67 (>50) Ischemic 21.4%
61 (>50) Ischemic 44.2%
Balci et al(2011) 192 (1847) Ischemic 37%
Dharmasaroja et af2011) 12 (1530) Ischemic, TIA 25%
25 (3140) Ischemic, TIA 56%
62 (4150) Ischemic, TIA 42%
Fromm et al(2011) 100 (<50) Ischemic 41%
Janssen et a(2011) 95 (<50) Ischemic 51%, TIA 49% 40%
Patella et al(2011) 98 (1445) Ischemic 47.9%
De Los Rios et a2012) 501 (1854) Ischemic 69%, Hemorrhagic 22% 18-34yr: 36%

Unknown 9%

35-44yr: 55%
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45-54yr: 53%

Putaala et & (2012) 3944 (1849) Ischemic 49%
Chatzikonstantinou et a(2012) 104 (1945) Ischemic 55.2%
Von Sarnowski et a{2013) 4467 (1855) Ischemic,TIA 55.5%
Arntz et al.(2013) 697 (18-50) Ischemic 61%, TIA 29.6%, 61.8%
Arntz et al.(2013a) Hemorrhagic 9.5%
Arntz et al(2015)
Calviere et al(2013) 100 (1655) Ischemic 45%
Chen et al(2013) 973 (2064; 6598) Ischemic <65yr: 44.8%
265yr: 2
Dharmasarjoa et af2013) 261 (<6 Ischemic 28%

Rolfs et al(2013)

3396 (1855)

Ischemic 76%, Hemorrhagic 8%, 1
16%, Other 1.4%

18-24yr: 37.3%
25-34yr: 35.9%
35-44yr: 40.9%
45-55yr. 42.7%

Smajlovic et al(2013) 3864 (<4 Ischemic 79.9%, Hemorrhagic <45yr: 55.8%
20.1% 245yr: 2
Tiamkao et al(2013) 85 (<45) — 37.6%
Aarnio et al.(2015) 970 (1549) Ischemic 44.8%

Béjot et al.(2014) 4506 (<55) — 19851993: 57.3%
1994-2002: 37.3%
2003-2011:57.9%

Bugnicourt et al(2014) 104 (<60) Ischemic, TIA 43%

Chraa et al(2014) 128 (1845) Ischemic 40.6%

Dash et al(2014) 440 (1845) Ischemic 9.5%

Kalita et al (2014) 404 (1650) Hemorrhagic 13.9%

Khealani et al(2014) 874 (1645; >45) Ischemic 16-45yr: 18.3%
>45yr: 14.4%
Maaijwee et al(2014) 437 (1850) Ischemic 25.6%
Palmcrantz et a(2014) 150 (1864) Ischemic 80%, Hemorrhagic 179 33%
Unspecified3%
Park et al(2014) 25818 (1545) Ischemic 47.8%
Renna et al(2014) 150 (<50) Ischemic 47.3%
Tsivgoulis et af2014) 1134 (1845) Ischemic 85.7%, Hemorrhagic 14. 50.5%
Zhang et al(2014) 381 (1845) Ischemic 43.5%
CruzHerranz et af2015) 102 (45) Ischemic 62.7%, TIA 23.5%, 40.4%
Hemorrhagic 2%, Other 11.8%
Maaijwee et al(2015) 511 (1850) Ischemic 63.7%, TIA 36.3% 21.1%

Park et al(2015)

4747 (1890)

Ischemic

20-45yr: 33.3%
45-65yr: 26.6%
266yr:

1

Simonetti et al(2015)

624 (1655)

Ischemic, Hemorrhagic

16-45yr: 41%
46-55yr. 45%

Hypertension

Hypertension (HTN) is common as both a cause and risk factor for stroke in youndlzaidtsal. 2005)
As a risk factorHTNhasshown to be significantly associated with stroke in younger patients when
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compared to a healthy control populatigdhang eal. 2014) Within the young stroke population, males
between the ages of 3@5 have the highest rate of H{Barinagarrementeria et al. 1996; Lai et al. 2005;
Nayak et al. 1997; Varona et al. 200Wis is particularly true of males living in Asian datans(Lai et

al. 2005; Lee et al. 2002; You et al. 19%)fortunately, young people may not be fully aware of the risks
of hypertension or always be compliant with the provided treatm@itet al. 2010; Spengos & Vemmos
2010) Seetable 21.3.1.2 beloand also Chapter 8: Secondary Prevention of Stroke (8.3 Hypertension).

Table 21.3.1.2 Hypertension Prevalence in Young Stroke Patients

Author, Year N (age) Stroke Type Percentage with Risk
Factor
Adams et al(1986) 144 (1545) Ischemic 22%
Awada (1994) 120 (1545) | Hemorrhagic 41.5%, Ischemic 58.! 32%
Barinagarrementeria et a(1996) 300 (<40) Ischemic 7%
Nayak et al(1997) 177 (1545) Ischemic 18%
You et al(1997) 201 (1555) Ischemic 49%
RuizSandoval et al(1999) 200 (1540) Hemorrhagic 13%
Camerlingo et al(2000) 135 (1645) Ischemic 25.9%
Kwon et al.(2000) 149 (1544) Ischemic 38.3%
Lee et al(2002) 264 (1845) Ischemic 45.8%
Musolinoet al. (2003) 60 (1745) Ischemic 92%, TIA 8 % 21.7%
Schwaag et al2003) 160 (1545) Ischemic 88.7%, TIA 11.3% 28.8%
Mehndiratta etal. (2004) 127 (1540) | Hemorrhagic 14.5%, Ischemic 85.! 14.8%
CarodArtal et al.(2005) 130 (1545) Ischemic 34.6%
Nedeltchev et al(2005) 203 (1645) Ischemic 19%
Lai et al(2005) 296 (1545) Hemorrhagic 48.7%
Panagiotakos et al. 2006 100 (<35) Ischemic 96%
Rasura et al(2006) 394 (1447) Ischemic 23%
Lipska et al(2007) 214 (1545) Ischemic 36%
Varona et al(2007) 272 (1545) Ischemic 22%
Jovanov @8 et al 865 (1545) Ischemic 35%
Arnold et al.(2008) 137 (< 45) Ischemic 19%
Onwuchekwa et al(2009) 54 (1845) Hemorrhagic 35.2%, Ischemic 64.¢ 77.8%
Putaala et al(2009) 1008 (1549) Ischemic 39.1%
De Silva et al (2009) 38 (1545) Ischemic 21%
Samiullah et al.(2010) 50 (1535) Hemorrhagic 14%, Ischemic 86% 14%
Bi et al.(2010) 1988 (3545) | Hemorrhagic 95.7%, Ischemic 94. 41.0%
Spengos and Vemmdg010) 253 (< Ischemic 21.1%
Tan et al(2010) 67 (>50) Ischemic 65%
61 (>50) Ischemic 23%
Balci et al(2011) 192 (1847) Ischemic 45%
Dharmasaroja et al2011) 12 (1530) Ischemic, TIA —
25 (3140) Ischemic, TIA 24%
62 (4150) Ischemic, TIA 36%
Fromm et al(2011) 100 (<50) Ischemic 27%
Janssen et a(2011) 94 (<50) Ischemic 51%, TIA 49% 56.4%
Patella et al(2011) 98 (1445) Ischemic 34%
Chatzikonstantinou et a(2012) 104 (1945) Ischemic 31.4%
Von Sarnowski et a(2013) 4467 (1855) Ischemic, TIA 46.6%
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Arntz et al.(201%) 697 (1850) Ischemic 61%, TIA 29.6%, 20.8%
Arntz et al(2013) Hemorrhagic 9.5%
Atz et al(2015)
Calviere et a[2013) 100 (1655) Ischemic 18%
Dharmasarjoa et a(2013) 261 < Ischemic 49%
Eun et al2013) 551 (4064) Ischemic 57.9%
Giang et al(2013) 17149 (1854) Ischemic 21.2%

Rolfs et al2013)

3396 (1855)

Ischemic 76%, Hemorrhagic 8%, 1
16%, Other 1.4%

18-24yr: 10.7%
25-34yr: 14.1%
35-44yr: 36.9%
45-55yr: 58.8%

Smajlovic et al(2013) 3864 (<4 Ischemic 79.9%, Hemorrhagic <45yr.44.8%
20.1% 245yr: 7
Tiamkao et al(2013) 85 (<45) — 8.2%
Aarnio et al2014) 970 (1549) Ischemic 39.1%
Béjot et al.(2014) 4506 (<55) — 19851993: 46.3%
19942002: 34.5%
20032011: 36.6%
Bugnicourt et al.(2014) 104 (<60) Ischemic, TIA 34%
Chen et al(2014) 568 (<65; 6574; — <65yr: 2.8%
>75) 65-74yr: 10%
275yr: 1
Chraa et a[2014) 128 (1845) Ischemic 49.2%
Dash et al2014) 440 (1845) Ischemic 44.5%
Jiang et al2014) 397 (1549) Ischemic 31.7%
Kalita et al2014) 404 (1650) Hemorrhagic 79.2%
Khealani et a(2014) 874 (1645; >45) Ischemic 16-45yr: 37.9%
>45yr: 45.9%
Maaijwee et al2014) 437 (1850) Ischemic 52.8%
Palmcrantz et al(2014) 150 (1864) Ischemic 80%, Hemorrhagic 179 46%
Unspecified 3%
Park et al(2014) 25818(15-45) Ischemic 18.0%
Renna et al(2014) 150 (<50) Ischemic 39.3%
Zhang et a[2014) 381 (1845) Ischemic 46.6%
Bergman et al(2015) 2599 (1544) Ischemic 74.6%, Hemorrhagic 25.3%
23.2%, Unspecified 2.2%
Chiu et al(2015) 2063 (1845) Ischemic 21.0%
CruzHerranz et al2015 102 (<45) Ischemic 62.7%, TIA 23.5%, 10%
Hemorrhagic 2%, Other 11.8%
Maaijwee et al(2015) 511 (1850) Ischemic 63.7%, TIA 36.3% 53.2%
Man et al.(2015) 105 (<55) — 20.8%

Park et al(2015)

4747 (1890)

Ischemic

20-45yr: 8.1%
45-65yr. 34.5%
266yr: 6

Simonetti et al(2015) 624 (1655) Ischemic, Hemorrhagic 16-45yr: 21%
46-55yr: 46%
Simonetti et al2015) 249 (1645) Ischemic 20%
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Alcohol

Alcohotrelated stroke events in young patients are relative to the amount consumed. Light to moderate
alcohol intake has been shown to reduce the risk of stroke whereas high intake, or alcohol abuse, can
increase the risk of stroke (particularly hemorri@gBruno 2003; Hillbom et al. 1995; Lu et al. 2008)

a study conducted by Naess et @013) the authors compared the prevalence of risk factors in a young
stroke population between patients deceased or surviving at a mean of 18.3 yearstpaist. They found

that deceased patients had a 20.9% greater prevalence of alcoholism compared tangupeitients. A
review of alcohctelated stroke in young patients found ischemic stroke was reduced by up to 40% in
those who consumed-2 alcoholic beverages daidBruno 2003) Risk of hemorrhagic stroke was found

to increase 1.9 to 4.6 times if patientonsumed more than one alcoholic beverage (40g) daily. This is
likely due to increased blood pressure associated with heavy drii@ifignan et al. 1995Bimilar results
were reported from an 1dyear prospective cohort study of 45,449 women under tge af 60(Lu et al.
2008) Compared with notdrinkers, women who consumed alcohol had a decreased risk of stroke,
regardless of the beverage tyifeu et al. 2008)See table 21.3.1.3 below and also Chapter 8: Secondary
Prevention of Stroke (8.7.4 Alcohol).

Table 21.3.1.3 Alcohol Abuse Prevalence in Young Stroke Patients

Study N (age) Stroke Type Percentage with Risk
Factor
Hillbom et al.(1983) 100 (1555) Ischemic 40%
Hillbom et al.(1995) 75 (1640) Ischemic 28%
Barinagarrementeria et a(1996) 300 (<40) Ischemic 20%
Nayak et al(1997) 177 (1545) Ischemic 22%
You et al(1997) 201 (1555) Ischemic 59%
RuizSandoval et al(1999) 200(1540) Hemorrhagic 9.5%
Kwon et al.(2000) 149 (1544) Ischemic 31.5%
Lee et al(2002) 264 (1845) Ischemic 19.2%
Musolino et al.(2003) 60 (1745) Ischemic 92%, TIA 8 % 3.3%
Mehndiratta et al.(2004) 127 (1540) Hemorrhagic 14.5%, Ischemic 85.5% 2.3%
Lai et al.(2005) 296 (1545) Hemorrhagic 6.3%
CarodArtal et al.(2005) 130 (1545) Ischemic 5.4%
RuizSandoval et al(2006) 35(1840) Hemorrhagic 29%
Rasura et al(2006) 394(1447) Ischemic 5%
Varona et al(2007) 272 (1545) Ischemic 31%
Onwuchekwa eal. (2009) 54 (1845) Hemorrhagic 35.2%, Ischemic 64.8Y% 27.8%
Putaala et a[2009) 1008 (1549) Ischemic 14.2%
Bi et al.(2010) 1988(35-45) Hemorrhagic 95.7%, Ischemic 94.3Y% 38.2%
Spengos and Vemmd2010) 253 (<4 Ischemic 13.8%
Balci et al(2011) 192 (1847) Ischemic 9%
Patella et al(2011) 98 (1445) Ischemic 0%
De Los Rios et a012) 501 (1854) Ischemic 69%, hemorrhagic 22%, 15%
unknown 9%
Von Sarnowski et a{2013) 4467 (1855) Ischemic, TIA 33%
GarciaRodriguez et al2013) 1340 (2089) Hemorrhagic 9.5%
Smajlovic et al(2013) 3864 (<4 Ischemic 79.9%, Hemorrhagic 20.1Y% <45yr: 7.1%
245yr: &
Aarnio et al.(2014) 970 (1549) Ischemic 14.1%
Bugnicourtet al(2014) 104 (<60) Ischemic, TIA 11%
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Chraa et al(2014) 128 (1845) Ischemic 8%
Dash et al(2014) 440 (1845) Ischemic 9.5%
Kalita et al(2014) 404 (1650) Hemorrhagic 15.8%
Maaijwee et al2014) 437 (1850) Ischemic 6.4%
Renna et al(2014) 150 (<50) Ischemic 8.3%
CruzHerranz et al2015) 102 (<45) Ischemic 62.7%, TIA 23.5%, Hemorrha 2.1%

2%, Other 11.8%
Maaijwee et al2015) 511 (1850) Ischemic 63.7%, TIA 36.3% 3.9%
DrugAbuse

Stroke related to drug abuse is more common in younger patients compared to older pgimt®

2003) Also, drug abuse has been shown to be more common in males compared to féDedbset al.

2014) Strokerisk related to drug use varies among young populations; however, important variables are

the patient’s sex, type of (1D98)ayndéatdatechdlaenin@ausednu nt t a
young women was associated with a 3.8 times geeask for stroke. Brun(2003)found young women

using drugs containing phenylpropanolamine (PPA) were at a 2 times higher risk of hemorrhagic stroke.

In particular, appetite suppressants containing PPA increased hemorrhagic stroke risk by 16.6 times.
However, PPA use among men is considerably lower and is not associated with increased risk of
hemorrhagic strok¢Bruno 2003)

Amphetamines, particularly methamphetamine, are a commonly abused drug associated with stroke.
Amphetamines catrigger cardiovasular responses leading to hypertension, vasoconstriction and focal
myocyte necrosis, and have also been found to increase the risk of stroke by four times thatugersn
(Fonseca & Ferro 201.3)estover et al(2007 Yound amphetamine abuse to be assated with twice the

risk of hemorrhagic stroke and mortality compared with cocaine abuse. In contrast, the authors found
that amphetamine abuse did not increase the risk of ischemic stroke. The same authors found a risk of
1.36 and 1.76 (95% CI, 0-20r]) for cannabis use related to hemorrhagic and ischemic stroke,
respectively.

Cocaine use is a risk factor more unigue to the young population. In patients with an absence of other
known vascular risk factors, cocaine use is associated with at least 6.5 times higher risk ¢Bstd&sck

et al. 2003; Bruno 2003; Petitti et al.998). Research concerning cocaimeluced stroke has
demonstrated roughly equal proportions of ischemic and hemorrhagic ev@risno 2003) Potential
mechanisms involved in cocatireduced stroke include vasospasm, cerebral vasculitis, enhanced platelet
aggregation, cardioembolism and hypertensive surges associated with altered cerebral autoregulation
and cerebral blood flowTreadwell & Robinson 2004} has also been suggested that men are more
commonly exposed to cocaine but women are more likely twee dependen{O’'Brien 1998)In a case
control study conducted by Petitti et 11998) the authors found 4.7% of adolescent male cocaine users

to be dependent, compared with 17.5% of female adolescents. However, there is no research as to
whether thisresults in a higher mortality rate for cocakireduced stroke in young women.

Ecstasy (methylenedioxymethamphetamine) is a synthetic amphetamine derivative that has also been
associated with young strok€onseca & Ferro 2013¥oung patients who use eesly were found to have

a lower cerebral blood vessel volume. This suggests that ecstasy related stroke may be caused by
vasoconstrictior(Bruno 2003) Another drug associated with young stroke is cannabis (marijuana). In a
study conducted by Wolff et af2011) the authors found a highly significant association between
cannabis use and multifocial intracranial stenosis. Furthermore, the authors also observed a reversibility
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of vasoconstriction following cannabis withdrawal. No variation was found witlrdegaace and drug
related stroke in young patien{®Vestover et al. 2007)

de Los Rios et §2012)investigated the trend of substance abuse preceding stroke among young adults
age 1854 and found an alarming trend from 199394 to 2005. In 2005, 128of young stroke patients
admitted to illicit drug use compared to 3.8% in 199394. The highest percentage of patients who had
documented illicit drug use were those aged 35 years or younger, compared to those aged 35 to 54 years.

Oral Contraceptives

The role of oral contraceptives (OC) relating to stroke has been controvéfsisiensen et al. 1997)

When 28 young female ischemic stroke patients were compared with 50 graiphed controls, OC use

was found to be 11% higher in the young stroke popoita(Hillbom et al. 1995)Federico et al(1990)

found that 4 out of 18 young ischemic stroke patients were using OC; although, use of OC was considered
as the probable cause of stroke in only one case. Camerlingo @0&l0)found no OC etiologies but
considered it a risk factor for 26% of young stroke patients. Similarly, although 38% of women used OC in
a study conducted by Rasura et §2006) no young O&letermined stroke etiologies were found.
Mehndiratta et al.(2004)found only 1 out of 109 pa&nts with a cerebral infarction to have an OC
determined etiology. In one study, the authors did not investigate the population for OC determined
etiologies, but found OC use in 40 of 52 young women with stfGkeaa et al. 2014} ikewise, a study
conduwcted by Jiang et a{2014)found OC use in 23% of 148 young women with strdlga appears
inconclusive regarding OC as an independent risk factor for stroke. Although OC use appears to be higher
in young female stroke patients, there is limited evidetiw it is causing stroke.

The conflicting evidence of OC use and its association with stroke may be attributed to developments in
OC and variations in doses. In a study of 295 young female stroke patienso&/OC did not play a
significant role inincreasing stroke riskPetitti et al. 1996)The strongest increasaf-risk relationship

involving lowdose OC was when it was accompanied by cigarette sm@Bmgng 1996)In a meta

analysis of OC use in stroke conducted by Roach @@i5) the auhors found that the risk of stroke in

women with OC use was not different when compared with fusers. However, they found the risk of

stroke to increase with OC dose from an odds ratio of 0.6 (95% CI 0.3t0 1.2) for 20 ug to 3.2 (95% Cl 1.4
to7.2)for=50 pg. I n conclusion, OC appears to play a
risk factor particularly at high doses or when paired with other factors.

Hyperlipidemia

Hyperlipidemia and hypercholesterolemia are noted risk factors in thimgstroke population and have
shown to be significantly associated with young str¢e Zhang et al. 2014)hese risk factors are
suggested to be particularly prevalent among males aged@@arinagarrementeria et al. 1996; P.A.
Dharmasaroja et al. 2 ; Rasura et al. 200&Ithough CaroéArtal et al.(2005)found hyperlipidemia to

be 19% more common in stroke patients over 50 years of age. Similar results were observed by Simonetti
et al.(2015)whofoundthat patients aged 465 years were 23% mdikely to have hypercholesterolemia
compared to patients aged 145 years. Likewise, Chen et(@013)ound that patients over 65 years had

a 9.9% greater prevalence of hypercholesterolemia compared to patients less than 65 years. When
comparing the prealence of hyperlipidemia in patients aged 18 to 55 years, Rolfs@Gil.3found that
patients 4555 years had the highest rate of hyperlipidemia at 41.3%. In studies of young stroke,
hyperlipidemia and hypercholesterolemia were consistently rankedhagith or 5th most common risk
factor (Barinagarrementeria et al. 1996; Carédital et al. 2005; Rasura et al. 2006; You et al. 198%@
exception is a comparison study by Tan e{2002)which found hyperlipidemia to be the most common
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risk factor(80.7%) in stroke patients aged -B0. This high figure may have been confounded by a
generally high level of hyperlipidemia within the study population. Among controls, hyperlipidemia was
also the highest risk factor at 44.3% prevalence. Overall, hypeniipa and hypercholesterolemia are
important risk factors for young strokevith increasing prevalence andrisk asgha t i aa $eé table
21.3.1.4 below and also Chapter 8: Secondary Prevention of Stroke (8.5 Hyperlipidemia).

Table 21.3.1.4 Hyperlipidemia Prevalence in Young Stroke Patients

Study N (age) Stroke Type Percentage with Risk
Factor
Barinagarrementeria et a(1996) 300 (<40) Ischemic 6%
You et al(1997) 201 (1555) Ischemic 23%
Kwon et al.(2000) 149 (1544) Ischemic 8.1%

Lee et al(2002) 264 (1845) Ischemic 53.1%
Schwaag et af2003) 160 (1545) Ischemic 88.7%, TIA 11.3% 30%
CarodArtal et al.(2005) 130 (1545) Ischemic 11.5%

Nedeltchev et al(2005) 203 (1645) Ischemic 39%
Lai et al.(2005) 296 (1545) Hemorrhagic 36.3%
Rasura et al(2006) 394(1447) Ischemic 15%
Bi et al.(2010) 1988 (3545) Hemorrhagic 95.7%, 4.2%
Ischemic 94.3%
Balci et al(2011) 192 (1847) Ischemic 35.4%
Dharmasaroja et af2011) 12 (1530) Ischemic, TIA 42%
25 (3140) Ischemic, TIA 76%
62 (4150) Ischemic, TIA 53%
Putaala et al(2012) 3944 (1849) Ischenic 46%
Chatzikonstantinou et a{2012) 104 (1945) Ischemic 27.6%
Von Sarnowski et a{2013) 4467 (1855) Ischemic,TIA 34.9%
GarciaRodriguez et al2013) 1340 (2089) Hemorrhagic 12.5%
Rolfs et al(2013) 3396 (1855) Ischemic 76%, Hemorrhagi%, 18-24yr. 5.5%
TIA 16%, Other 1.4% 25-34yr: 14.3%

35-44yr: 28.6%
45-55yr: 41.3%

Chraa et al(2014) 128 (1845) Ischemic 7.8%

Dash et al2014) 440 (1845) Ischemic 7.8%

Zhang et al(2014) 381 (1845) Ischemic 33.2%
Simonetti etal.(2015) 249 (1645) Ischemic 30%

Plasma Homocysteine

Elevated plasma homocysteine level has been found to increase risk of stroke. Bos(200&)
investigated the effect that plasma homocysteine level had on recurrent vascular events. They reported
a significant association between the risk of experiencing a recurrent vascular event and homocysteine
level for cerebral infarct and TIA patients. Tral. (2002¥ound hyperhomocysteinemia to be associated

with cerebral infarction, independent of conventional risk factors. They also reported risk of stroke may
increase as a result of a proatherogenic effect based on the association found betweenyjstenemia

and largeartery strokes. In a retrospective review of young stroke patients, Renna € Ci4)found
hyperhomocysteinemia to be present in 15.7% of the population. However, the authors found no
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significant differences when comparing males é&males or patients greater than and less than 35 years.
Zhang et al(2014)found high homocysteine to be significantly more prevalent in young stroke patients
compared to healthy controls (41.3% vs. 21.5%) with an odds ratio of 2.1 (1.2 to 3.4) fgrstmke. The
authors also compared individuals reported as dependent or independeheir activities of daily living

at follow-up and found high homocysteine to be significantly more prevalent in dependent patients
(57.5% vs. 34.5%) with an odds ratib2.2 (1.2 to 4.1) for living dependence. See also Chapter 8:
Secondary Prevention of Stroke (8.7.2.2 Homocysteine).

Migraine

Migraine has been studied as both a risk factor and an etiology for young stroke. Kristenseii 894!

found only 1 in 107schemic strokes to be migraiieduced. However, 18% of men and 35% of women

in that study had history of migraines. Federico e{B290)found similar results: 18% of young patients
suffered from migraine, but considered migraine as a probable causalin2 of 45 recorded stroke
events. In a larger study of 300 young ischemic stroke patients, Barinagarrementerig 88&)reported
migraine to be the etiology in 10 patients (3%) and to be a risk factor in 27 patients (12%). Schwaag et al.
(2003)found migraine to be associated with a risk of 2.11 (CI-B.8@) in young stroke patients. Although
Renna et al(2014)did not investigate migraine as a cause of stroke, they found 5.7% of young stroke
patients to have migraine with aura. Similarly, GHezranz et al(2015)found migraine as a risk factorin
25.3% of 102 young women. Finally, Rasura e28l06)found migraine to be a risk factor for 26% of
young stroke patients but to be the actual cause of stroke in none. These findings suggesyiiaaieni

is acommon risk factor and an uncommon etiology. Each of these studies noted a higher incidence rate
of migraine among women.

Migraine as a risk factor tends to be more prevalent in females. In a prospective study, von Sarnowski et
al. (2013)Youndthat 19% more females reported having a migraine. The authors also found that migraines
were significantly more prevalent in patients -4& years compared to 455 years (29.7% vs. 24.4%).
MacClellan et al(2007)further examined the role of mignae-related stroke in women. The authors
studied 386 female ischemic stroke patients aged 15 to 49. Compared with 614 healthy female controls,
no significant difference was found in migraine prevalence between the groups. However, migraine with
aura was fouad to be 9% higher in patients with an associated stogkincrease of 1.5 (95% CI 2.0).

In a mixed gender study (53% male), Schwaag €2@03)ound no difference between the patients and

the healthy age and sex matched control group in regacdshigraine with aura. Despite these results,

the authors do acknowledge migraine as not only a significant, but also an independent risk factor for
young women. More recently in a study by Camerlingo €2&l10) migraine was found to be associated

with stroke in patients aged 184, though this association was not statistically significant in men. The
greatest risk was to women who experienced migraine with aura. Migraine without aura was not
significantly different between stroke patients and contrdlfie increased prevalence of migraine with
aura in young stroke patients was also investigated by Jiang @0dl4) The authors found that 26.8%

of young stroke patients had migraine with aura compared to 6.4% who had migraine without aura.
Despite findng that young patients who experienced migraine with aura had afa risk of ischemic
stroke when compared with stroke patients without migraine, Pezzini e{(2011)suggested that
migraine itself is not a risk factor. The authors promoted the ided migraine can only be a risk factor
when acting synergistically with other nonproatherosclerotic factors.

Dietary Patterns
Lifestyle factors link stroke to dietary factors. Decreased stroke rates are related to high intakes of fish,
whole grains andrtiits and vegetables, whereas increased rates of stroke can be associated with factors
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such as alcohol consumptigAgnoli et al. 2011)In a prospective study design, Agnoli et (21011)
investigated the association between stroke and adherence to fopriai-defined dietary patterns:
Healthy Eating Index 2005 (HENO5), Dietary Approaches to Stop Hypertension (DASH), Greek
Mediterranean Index, and the Italian Mediterranean Index. The study assessed the dietary patterns of
40,681 volunteers and condwed a followup at a mean of 7.9 years. There were 178 diagnosed stroke
cases reported (100 ischemic and 47 hemorrhddigholi et al. 2011 )All dietary patterns, other than the
Healthy Eating Index, were inversely associated with risk of s{irekleicedrisk of stroke) with Italian
Mediterranean Index showing the strongest association (HR=0.47; 95% @0.0530Ischemic stroke
showed significant inversassociations with all patterns included in the stydxcept the Greek Indgx
especially the ItaliaIndex(HR=0.37; 95% CI 0-4270).Hemorrhagic strokacidencewas onlyreduced

with the Italian Index (HR = 0.51; 95% CI101220). The Italian Index features high intakes of typical foods
(such as pasta, typical Italian vegetables, fruit, legumaess oil and fish) and low intakes of alcohol and
non-typical foods (such as soft drinks, butter, red meat and potatoes). These findings suggest that dietary
patterns can influence stroke, with the Italian Index being the dietary pattern associated wikdrgest
reduction in risk for strokéAgnoli et al. 2011)

Another study that looked at the effect of nutrition on stroke etiology proposed that both malnutrition
and over nutrition can have an effect on stroke prevale(tdankey 2012)An association of poor growth

in the first two years of life, due to malnutritionyas associatedvith an increased risk of stroke in
adulthood (p=0.004) was reportétiankey 2012Y0ver nutrition and the effects of specific nutrients were
also associattwith different risks depending on the nutrierfEor instance, salt supplementation by 5 g
per day, was associated with a 23% (95% -@BXincreased risk of stroke, whereas potassium
supplementation by 1 g per day was associated with an 11% (95%/Qiekiuction in the risk of stroke
(Hankey 2012)

Diabetes Mellitus

In patients under the age of 30, diabetes mellitus is not an important risk factor for sthd&kndiratta

et al. 2004) When compared with older patients, Ada et al. (1994)found diabetes to be 29% less
common in stroke patients under the age of 45. Re@ndoval et al(2006)found 16% less cases of
diabetes instrokepatients <40 years of age. Further, it has been reported that 13% of young stroke
patientsaged 3040 had diabetes versus 4.2% of patients ageeB0%fMehndiratta et al. 2004)When
comparingstroke patients greater than and less than 45 years, Smajlovic €2@13)found diabetes to

be 20.6% more prevalent in patients greater than 45 yeamil&ly, Khealani et a(2014)found a
difference of 9.4% in favour of the older group when comparing patients agetb16 patients greater

than 45 years. Simonetti et g2015)also found that patients aged 485 years had a 10.5% greater
prevalenceof diabetes when compared to patients aged-45 years. This data suggests diabetes mellitus

is a less common risk factor for young stroke patients. Studies investigating the prevalence of diabetes
mellitus in young stroke patients from 202815 are inclded in the following table (Table 21.3.1.5). See
also Chapter 8: Secondary Prevention of Stroke (8.4 Managing Diabetes).

Table 21.3.1.5 Diabetes Mellitus Prevalence in Young Stroke Patients

Author, Year N Stroke Type Percentage with
Risk Factor
Arntz et al.(2013) 697 Ischemic 61%, TIA 29.6%, Hemorrhagic 9 5.7%
Arntz et al.(2013)
Arntz et al. (2015)
Calviere et a[2013) 100 (1655) Ischemic 3%
Dharmasarjoa et af2013) 261 (<6 Ischemic 26%
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Eunet al(2013 551 (4064) Ischemic 21.6%
GarciaRodriguez et al2013) 1340 (2089) Hemorrhagic 3.1%
Giang et al2013) 17149 (1854) Ischemic 12.8%

Rolfs et al2013)

Ischemic 76%, Hemorrhagic 8%, TIA 16¢
Other 1.4%

3396 (1855)

18-24yr: 0.7%
25-34yr: 2.3%
35-44yr: 7.4%
45-55yr: 13.0%

Smajlovic et al(2013) 3864 (<45 Ischemic 79.9%, Hemorrhagic 20.1% <45yr: 3.9%
245yr: 2
Tiamkao et al(2013) 85 (<45) — 3.5%
Aarnio et al2014) 970 (1549) Ischemic 8.9%
Béjot et al.(2014) 4506 (<55) — 19851993: 8.5%
1994-2002: 13.6%
20032011: 8.7%
Chen et al(2014) 568 (<65; 657 4 ; — <65y 0.9%
65-74yr. 1.0%
275yr:
Chraa et al(2014) 128 (1845) Ischemic 13.2%
Dash et al(2014) 440 (1845) Ischemic 13.9%
Jiang et al(2014) 397 (1549) Ischemic 11.4%
Kalita et al(2014) 404 (1650) Hemorrhagic 9.4%
Khealani et al(2014) 874 (1645; >45) Ischemic 16-45yr: 8.6%
>45yr: 18.0%
Maaijwee et al(2014) 437 (1850) Ischemic 11.4%
Zhang et al(2014) 381 (1845) Ischemic 19.7%
Chiu et al(2015) 2063(18-45) Ischemic 7.5%
CruzHerranz et al(2015) 102 (<45) Ischemic 62.7%, TIA 23.5%, Hemorrhagic 5.3%
Other 11.8%
Maaijwee et al(2015) 511 (1850) Ischemic 63.7%, TIA 36.3% 12.1%
Man et al.(2015) 105 (<55) — 6.9%

20-45yr: 2.8%
45-65yr: 12.9%
266yr: 2

Ischemic

Park et al.(2015) 4747 (1890)

Simonetti et al(2015) 624 (1655) Ischemic, Hemorrhagic 16-45yr: 2.5%
46-55yr: 13%
Simonetti et al(2015) 249 (1645) Ischemic 2%

Chlamydia Pneumonia

Chlamydia pneumonjacommon etiologic agenih respiratory infections, has been suggested to have an
association with stroke (Vorrend et al. 2004). In a study conductd@igghowskilozwiak et al(2007)

the authors found significant elevations of a@i pneumoniantibodies in individuals with stroke
compared to healthy individuals. They also found that a significantly greater proportion of individuals with
stroke were seropositive t6. pneumoniaompared to healthy individuals. In contrast, a study conducted
by Vorrend etal. (2004) found no mean difference@ pneumoniakevels in young stroke patients with
atherosclerotiedetermined etiology and controls. A large scale prospective study is hecessary to confirm
the validity of C. pneumonia as a risk for stroke in yquatgents(Anzini et al. 2004; Bandaru et al. 2009;
Piechowskiozwiak et al. 20Q¥/ oorend etal. 2004). See also Chapter 8: Secondary Prevention of Stroke

(8.6 Infection).
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21.3.2 Summary

The most common risk factors for young stroke patients are modifiéBlederick et al. 2003)
Hypertension and smoking are consistently major risk factors for ischemic and hemorrhagic stroke in
young populationgAwada 1994; Mehndiratta et al. 2004; J&rona et al. 2007; Wajdndreassen et al.
2007) Uncommon and minor risk factors include migraine without aura,-ttmse oral contraceptives,

and C. pneumonigPetitti et al. 1996; PiechowsHlbzwiak et al. 2007Diabetes, hypercholesterolemia,
hyperlipdemia, and elevated homocysteine levels are more prevalent in young stroke patients aged 35
50 rather than those under 3@arinagarrementeria et al. 1996; Bos et al. 2005; Rasura et al. 2006; J.L.
RuizSandoval et al. 2006Modifiable risk factors thatend to be unique to the young population include

oral contraceptives, drug use and cocaine (Bederick et al. 2003; Bruno 2003; Hillbom et al. 1995)

Conclusions Regarding Modifiable Risk Factors
Smoking is the most significant risk factor for strokethe young population.
Hypertension is a significant risk factor for young stroke.

Hyperlipidemia, diabetes mellitus, and elevated plasma homocysteine level are stroke risk factors,
particularly for those aged >35.

Alcohotrelated stroke events in yong patients are relative to the amount consumed. One to two
alcoholic beverages daily may reduce the risk of stroke while alcohol abuse can be a significant risk
factor for stroke.

Drug use is an uncommon risk factor for stroke general but is more comon in the younger
population. Dug abuse and cocaine use can cause both ischemic stroke and hemorrhage in young
people.

Oral contraceptives play a minor role in stroke risk when paired with other factors. Higlse oral
contraceptives appear to be a moienportant risk factor for stroke in young people compared to lew
dose oral contraceptives.

Adherence to specific dietary patternparticularly a Mediterranean type dietcan reduce the risk of
stroke in a young population. High intake of salt can increase risk of stroke, whereas high intake of
potassium can reduce the risk of stroke.

Migraine with aura is a risk factor for young stroke. Young women in particular are atedevated
risk.

Further study is required to determine the validity of Chlamydia pneumonia as a risk factor for young
stroke.

Modifiable risk factors for stroke include smoking, hypertension, hyperlipidemia, diabetes melljtus,
excessive alcohol consumption, drug use, oral contraceptive use in women, and migraine with aura
in young females.
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21.33 Non-Modifiable Risk Factors

Family History

Family history of stroke as a risk factor for young patients requires further res¢beblivaag et al. 2003)

The small amount of available data appears conflicting and inconclusive. Mehndiratt28@4.)found

family history of stroke to & present in only 2.7% of young ischemic stroke patients. In contrast, Rasura

et al. (2006)and Patellg2011)found it to be the most common risk factor present in 63% and 74.5% of

young patients respectively. In a casantrol study, the prevalence offigily history of vascular events

was similar in both young stroke patients and a group of age and gender matched c¢8tiolgaag et

al. 2003) The odds ratio of having a family history of subarachnoid haemorrhage for patiet8 ¥&ars

of age was 1.92yhich was not significantly different between age groBsr et al. 2008)In a study

conducted by Hogstrom et a]2015) the authors found maternal history of stroke to be significantly
associated with ischemic stroke; however, family history of stnetas not a significant risk factor for
hemorrhagic stroke. The authors also found that significgrdlyngerstroke patients had a maternal and

parental history of stroke when compared to healthy controls. Recent studies have found the percentage

of young $roke patients with a family history of stroke to range from 9.4% to 35A&fnio et al. 2014,

Dash et al. @14; Goeggel Simonedial. 201%; Kalitaetal. 2014; Zhang et al. 2013ifferences between
studies may be due tfoamihley vhairs/ti oirgy 'd ed s(a05usedonrs @X a
a family history of stroke if “pati @@06)andRatekh no ob
et al.(2011)were more specifidistingf ami | y hi st or y -ansl @rabrovahcula diseasey of ¢
in first degree relatives.”’ Studies have also s
significant risk factor in older participants. In a study conducted by Rolfs @Cdl3) the authors found

family history of strok to increase in prevalence with age from 26.2% in patients aged 18 to 24 years to
43.0% in patients aged 45 to 55 years. Similarly, Simonetti @Gl5)found 18% of patients aged 16 to

45 years to have a family history of stroke compared to 30% fenta aged 46 to 55 years. See table

21.33.1 for studies reporting family history of stroke prevalence.

Table 21.33.1 Family History of Stroke Prevalence

Author, Year N (age) Stroke Type Percentage with Risk
Factor
Nayak et al(1997) 177 (1545) Ischemic 6%
Lee et al(2002) 264 (1845) Ischemic 29.3%
Mehndiratta et al.(2004) 127 (1540) Hemorrhagic 14.5%, Ischemic 85.! 2.7%
Schwaag et al2003) 160 (1545) Ischemic 88.7%, TIA 11.3% 15%
Lai et al.(2005) 296 (1545) Hemorrhagic 6.7%
Rasura et al(2006) 394 (1447) Ischemic 63%
Jovanov @8 et a| 865(1545) Ischemic 9%
De Silva et al (2009) 38 (1545) Ischemic 18%
Spengos and Vemmdg010) 253 (<. Ischemic 12.6%
Balci et al(2011) 192 (1847) Ischemic 18%
Janssen et a(2011) 90 (<50) Ischemic 51%, TIA 49% 44.4%
Patella et al(2011) 98 (1445) Ischemic 74.5%
Rolfs et al(2013) 3396 (1855) | Ischemic76%, Hemorrhagic 8%, T| 18-24yr: 26.2%
16%, Other 1.4% 25-34yr: 35.9%

35-44yr: 40.2%
45-55yr: 43.0%

Aarnio et al(2014) 970 (1549) Ischemic 13.1%
Dash et al(2014) 440 (1845) Ischemic 15.7%
Kalita et al2014) 404 (1650) Hemorrhagic 9.4%
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Zhang et a[2014) 381 (1845) Ischemic 35.4%

Simonetti et al(2015) 624 (1655) Ischemic, Hemorrhagic 16-45yr: 18%
46-55yr: 30%
Simonetti et al(2015) 249 (1645) Ischemic 17%
Gender

Studies report conflicting results regarding the incidence of stroke in young males and females and which
sex is more likely to experience stroke while young (Table 223 Despite varying results, a recent
report by Towfighi et al(2011)found women aged 35 to 64 years were more likely than men to report
previous stroke. Similarly, Spengos and Vemifgiksl0)found that, below the age of 30, females
outnumbered males, while above the age of 30 this pattern was reversed and males outnumbered
females. Putaala et gl2012)also found that females outnumbered males in those aged <34 years with a
male to female rto of 0.7. In patients greater than 34 years, the male to female ratio linearly increased
and reached 1.7 in patients aged between 45 to 49 years. Contrary to this, SmajloviQet a)found

no significant difference in the proportion of women betwesinokepatients aged greater than and less

than 45 years. It has been suggested that the large female population of very young stroke survivors is
due to the association that age and gender have with other risk factors such as oral contraceptive use and
migraines(Carolei et al. 1993; Kwon et al. 200Despite these findings, other studies suggest that the
female stroke population is decreasifigaess et al. 2011)

Although evidence for the association of stroke risk with the female sex is conflstirdies show that
epidemiology and pathophysiology of stroke may differ between gendiensexample, Martinedanchez

et al. (2011)found no difference in the gender of stroke survivors; however, the authors found that
females experienced more severe dtes than men. Similarly, Dash et @014)found cardieembolic

strokes to be significantly more prevalent in young females (18.8% vs. 3%). The authors also observed a
greater number of young female patients with multiple etiologies compared to maleratie

Table 21.33.2 Proportion of Males and Female Young Stroke Patients in Studies from 2982

Author, Year N Stroke Type %F:M
Hillbom et al.(1983) 100 (1555) Ischemic 100% 33: 67
Carolei et al.(1993) 333 (1544) Ischemic 100% 48: 52
Awada et al(1994) 120 (1545) Hemorrhagic 41.5%, Ischemic 58.5% 36.7: 63.3
Carolei et al.(1996) 308 (1544) Ischemic 100% 47:53
RozenthulSorokin et al(1996) 253 (1749) Hemorrhagic 17.8%, Ischemic 80.6% 37.2:62.8
Unspecified 1.6%
Kwon et al(2000) 149 (1544) Ischemic 100% 24.8:75.2
Lee et al(2002) 264 (1845) Ischemic 100% 28.8:71.2
Naess et al(2002) 23 (1529) Ischemic 100% 70: 30
209 (3649) 62: 38
Jacobs et al(2002) 74 (2045) Hemorrhagic 55%, Ischemic 45% 47:53
Broderick et al(2003) 312 (1849) Hemorrhagic 100% 61: 39
Musolino et al.(2003) 60 (1745) Ischemic 100% 56.7: 43.3
Naess et al(2004) 232 (1549) Ischemic 100% 41: 59
Varona et al(2004) 272 (1545) Ischemic 100% 35: 65
Onwuchekwa et al2009) 54 (1845) Hemorrhagic 29.6%, Ischemic 64.8% 51.9:48.1
Unclassified 5.6%
Putaala et al(2009) 731 (1549) Ischemic 100% 37.2:62.8
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Bi et al.(2010) 1988 (3545) Hemorrhagic 95.7%, Ischemic 94.3% 27:73

Camerlingo et al.(2010) 314 (1634) Ischemic 100% 52.2:47.8
Spengos and Vemmd2010) 253 (¢ Ischemic 100% 43.5:56.5
Fromm et al(2011) 100 (< 50) Ischemic 100% 28: 72
Kang et al(2011) 214/100,000 Ischemic 68% 47:. 68
(45-54)
MartinezSanchez et af2011) 310 (< Ischemic 100% 41.3:58.7
Naess et al(2011) 23 (1630) Ischemic 100% 69.6: 31.4
13 (1630) Ischemic 100% 0: 100
Zhang et al(2011) 669 (1845) Ischemic 100% 32.9:67.1
Putaala etal. (2012) 3944(1849) Ischemic 100% 43.4.56.6
Race

Race appears to be an important factor in the risk for stroke. Kittner ¢18P3)studied stroke patients

aged 15 to 44 and found a significantly higher risk for cerebral infarction and intracerebral hemorrhage
existed for young Black individuals compared with young White individuals. Similarly, JacobaG&2)l.

found that the ageadjusted relative risk of any stroke was 2.4 times greater in Black versus White patients
and 2.5 times greater in Hispanic versus White patidRisk factor prevalence rates differ between races

and can help to explain the effect of race on stroke 1@ureshiet al(1995)studied all stroke inpatients
between the ages of 15 to 94 over a 4.5 year period at an Atlanta hospital. Of the 248 eligible young
patients, 219 were Black. Hypertension was noted to be associated with stroke in Black patients much
more commonly than in noiBlack patients (55% vs. 24%, p=0.03), with hypertensive intracerebral
hemorrhage (64%) being the most common subtype of stroke recorded among young Black patients. Ina
study investigating young stroke in Black, White and Asian latipos, Tsivgoulis et a{2014)found
hypertension and diabetes mellitus to be notably higher in Blacks compared to Whites and Asians. The
authors also observed significant differences in the prevalence of hypercholesterolemia with Asians and
Whites havig a greater prevalence compared to Blacks. Rohr é1886)studied 296 cases of ischemic
stroke among Black and White adults aged 18 to 44 years compared to 1220 controls. Diabetes mellitus,
hypertension and current cigarette smoking were found torbpartant risk factors, with the latter two
factors particularly important risk factors for young Black ad{i®tshr et al. 1996)

Previous Stroke

Previous stroke in young patients is an uncommon and poorly studied risk {Betdnagarrementeria et

al. 1996) In addition, studies have reported conflicting evidence in regards to the proportion of young
stroke patients with previous stroke. Risandoval et al(2006)found previous stroke to be 4% less
common in young patienthan in a matched population over 40 years of age. Khealani €@&L4)also

found previous stroke to be uncommon in young patients with only 6.5% of patients aged 16 to 45 years
reporting a previous stroke compared to 20.2% for patients greater thaye#ss. Contrary to this,

J o v a n o (2008)foand a hastory of transient ischemic attack (TIA) or stroke in 23% of young patients.
Some studies have also shown that the prevalence of previous stroke in young stroke patients increases
with age. In atsidy of 3396 patients, Rolfs et §2013)found 13.3% of patients aged 18 to 24 years with
previous stroke, increasing up to 20.7% for patients aged 45 to 55 years. Likewise in a study of 4747
patients, Park et al(2015)found previous stroke in 0.1% pftients aged 20 to 45 years compared to
1.9% in patients aged 45 to 65 years. However, Simonetti €2@1.5)found no significant difference in

the proportion of patients with prior stroke in patients aged 16 to 45 years compared to those aged 46 to
55. Similarly, Renna et a(2014)found no significant difference in previous stroke between patients
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greater than and less than 35 years. See table 313%elow for more detailed information regarding
previous stroke prevalence in young stroke patients.

Table 21.33.3 Previous Stroke Prevalence in Young Stroke Patients

Author, Year N Stroke Type Percentage with
Risk Factor
Adams et al(1986) 144 (1545) Ischemic 14%*
Awada(1994) 120 (1545) Hemorrhagic 41.5%, Ischemic 58.5¢ 6%
Barinagarrementeria et a(1996) 300 (<40) Ischemic 11.7%
Nayak et al(1997) 177 (1545) Ischemic 13%
Lee et al(2002) 264 (1845) Ischemic 21. 7%
CarodArtal et al.(2005) 130 (1545) Ischemic 7.7%
RuizSandoval et al(2006) 35 (1840) Hemorrhagic 9%
Jovanov{@8et al 865 (1545) Ischemic 23%
Bi et al.(2010) 1988 (3545) Hemorrhagic 95.7%, Ischemic 94.3¢ 14.9%
Fromm et al(2011) 100 (<50) Ischemic 4%
Chen et al(2013) 973 (<65 Ischemic <65yr: 47.3%
265yr: |
Dharmasaroja et af2013) 261 (<s¢ Ischemic 13%
Eun et al(2013) 551 (>40) Ischemic 3.0%
Giang et al(2013) 17149 (1854) Ischemic 3.8%
Rolfs et al2013 3396 (1855) Ischemic 76%, Hemorrhagic 8%, TI; 18-24yr: 13.3%
16%, Other 1.4% 25-34yr: 14.0%

35-44yr: 17.3%
45-55yr: 20.7%

Dash et al(2014) 440 (1845) Ischemic 26%
GarciaRodriguez et al2013) 1340 (2089) Hemorrhagic 8.3%
Jiang et al(2014) 397 (1549) Ischemic 5.1%
Khealani et a[2014) 874 (>14) Ischemic 16-45yr: 6.5%
>45yr: 20.2%
Palmcrantz et al(2014) 150 (1864) Ischemic 80%, Hemorrhagic 17%, 17%
Unspecified3%
Park et al2015) 4747 (1890) Ischemic 20-45yr: 0.1%
45-65yr: 1.9%
2606yr:
Simonetti et al(2015) 624 (1655) Ischemic, Hemorrhagic 16-45yr: 13%
46-55yr: 14%
Simonetti et al(2015) 154 (1645) Ischemic 3%

*Transient ischemic attacks only

Mitral Valve Prolapse

Mitral valve prolapse (MVP) occurs in approximatel§98 of the young adult populatigdams et al.

1986; Gilon et al. 1999MVP as a cause of stroke is controversial. Among young stroke patients, it is
considered a minimal risk factor and an infrequent sole etiolggyams et al. 1986; Bevan et al. 1990;
Gilon et al. 1999; Mehndiratta et al. 2004 contrast, Bogousslavségd Reglil987)conducted a study

with 41 patients under the age of 40 and reported that 30% had MVP etiology. The authors attribute this
finding to the use of echocardiography during assessment; however, echocardiography has been used by
several researatrs who did not find similar resultéAdams et al. 1986; Bevan et al. 1990; Gilon et al. 1999;
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Mehndiratta et al. 2004)In a study of 85 young patients with stroke, Tiamko ef24113)found 6.4% of
males to have MVP compared to 15.8% of females. Regatigcrepancies in MVP prevalence may be
due to changing diagnostic criteria or a range of risk factors accompanying thé@ilviet al. 1999)

Atrial Fibrillation

Atrial fibrillation, the most common cardiac arrhythmia, is present in approximateBo@#the general
population (Mattle et al. 2003) It has been shown to potentially lead to stroke through thrombus
formation and subsequent fragmentatigAggarwal et al. 2015However, there is little evidence for
atrial fibrillation as a risk factor f@troke in young adults. Studies have reported the percentage of young
stroke patients with atrial fibrillation to range from 1.7% to 10.@%ntz et al. 2015; Tiamkao et al. 2013)
Further study is required to discern if atrial fibrillation is a significask factor for stroke in young adults.
See table 21.3.4 below for more detailed data from studies investigating atrial fibrillation prevalence in
young strokes from 2013 to 2015.

Table 21.33.4 Atrial Fibrillation Prevalence in Young Stroke Patiefitsn 2013 t0 2015

Author, Year

Arntz et al.(2013)
Arntz et al(2013)
Arntz et al(2015)

Chen et al(2013)

Dharmasarjoa et af2013)
Eun et al(2013)
GarciaRodriguez et al2013)

Giang et al(2013)
Smajlovic et al(2013)

Tiamkao et a[2013)
Aarnio et al2014)
Béjot et al(2014)

Bugnicourt et al(2014)
Dash et al(2014)
Khealani et al((2014)

Bergman et a[2015)

Simonetti et al(2015)

Patent Foramen Ovale

N

697 (1850)

973 (2064; 65-98)

261 (<6
551 (4064)
1340 (2089)
17149 (1854)
3864 (<4

85 (<45)

970 (1549)
4506 (<55)

104 (<60)
440 (1845)
874 (1645; >45)
2599 (1544)

624 (1655)

Stroke Type

Ischemic 61%, TIA 29.6%, Hemorrhagic 9

Ischemic

Ischemic
Ischemic
Hemorrhagic
Ischemic
Ischemic 79.9%, Hemorrhagic 20.1%

Ischemic

Ischemic, TIA
Ischemic
Ischemic

Ischemic 74.6%, Hemorrhagic 23.2%,
Unspecified 2.2%

Ischemic, Hemorrhagic

Percentage with Risk

Factor
1.7%

<65yr: 8.2%
>265yr: 2
17%
6.4%
4.3%
3.4%
<45yr: 1.3%
245yr: 1
10.6%
4.0%

19851993: 2.4%
19942002: 3.6%
2003-2011: 3.8%

5%
6.6%
16-45yr: 4.3%
>45yr: 6.2%
2.8%

16-45yr: 1.8%
46-55yr: 5%

Patent foramen ovale (PFO) or PFO with atrial septal aneurysm (ASA) is a relatively common cardiac
abnormality(Guercini et al. 2008)n young stroke patients, particularly those with cryptogenic etiology,
PFO is found with increased frequen@ramer 2005)In a metaanalysis by PiechowsBozwiak and
Bogousslavskiz013) PFO and PFO with ASA was found to be significantly assoagitexthemic stroke
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in patients under the age of 55. The odds ratio (using fixed effect) for PFO was 3.10 (95%9 GB3ar@l

15.59 (95% CI 2.885.87) for PFO with ASA. However, despite this high occurrence rate in young
cryptogenic stroke patientshe exact role of PFO in stroke pathogenesis is unkr@samer 2005)This
complicates secondary stroke prevention in young stroke patients with a PFO -Rablés et al(2009)
performed a prospective study on patients <55 years of age that had beenodieginwith cryptogenic
stroke and found that patients with PFO had lower atherosclerotic burden when compared to those
without PFO. The authors concluded that an atherosclenmigtliated mechanism is not likely to be
involved in stroke that occurs in theggence of PFO. The association of PFO with cryptogenic stroke was
further studied by Larrue et 8]2011) The authors investigated the etiology of stroke in patients aged 16
to 54 years and found PFO associated with ASA to be the most prevalent uncausinof stroke in 43

of 318 patients (13.5%). The authors noted that this prevalemaegenerally greater than in previous
studies; however, they proposed that previous studies have underestimated the prevalence of PFO. See
also Chapter 8: Secondary Peation of Stroke (8.10 Cardiac Abnormalities).

Pregnancy and Postpartum Stroke o _
There have been no definitive studies evaluating thEable 21.3.3 Studies included in FesK@007)
incidence and types of pregncyrelated stroke, YR 51 @A S(2088) h Q. NA Sy

however there have been retrospective studi€é Retrospective studies Inpatient registries

(Davie & O'Brien 2008; Feske 20GWat have

attempted to determine trends in epidemiology, Wiebers and Whisnat (1983 Roset al. (2001)

etiology, risk factors and prognosis (see Table Sharsharetal. (1995) Jenget al. (2004)

21.33.5). In general, the approximate incidencee Awadaetal. (1995) James et al. (2005)
Kittneret al. (1996) Ling et al. (2006)

of pregnancyrelated stroke ranges between 4 and 34 Witlinet al. (1997)

per 100,00Q Davie & O'Brien 2008; Egido & Alonso Lanskaet al. (2000)

de 2007) Studies have also shown that Jaigobin and Silver (2000)

approximately 90% of the stroke events occur in the

last trimester, and are twice as likely to occur in wonoeer the age of 3fDavie & O'Brien 2008; Egido

& Alonso de 2007; Feske 2007; Pathan & Kittner 2008pne study conducted by Lamy et al. (2000), the
risk of stroke postpartum was shown to be higher than during any trimester (risk ratio 2.2; 95% CI 0.3
17.5). The estimated mortality rate following pregnaswrelated stroke ranges from 107.8%(Davie &
O'Brien 2008; Feske 2007)

Risk factors for stroke during pregnancy or postpartum include hypertension, diabetes, sickle cell disease,
thrombophilia, sm&ing and heart disease, alcohol and substance abuse, strenuous labour, multiparity,
caesarean section, increased gestational age, increased maternal age, -Afmeitan race, pre
eclampsia, eclampsia, anemia, a history of migraines and aneurysmal rytavée & O'Brien 2008;
Feske 2007; James et al. 2008)particular, preeclampsia or eclampsia is found in-25% of pregnant
stroke patients(Davie & O'Brien 2008; Feske 200F@sk&2007)found patients with a history of pre
eclampsia to have up to @0% greater risk of recurring stroke outside of pregnancy. Furthermore in a
systematic review, Tate and Bushn@011)found intracerebral hemorrhages to be caused by-pre
eclampsia and eclampsia in 8% to 44% of cases. In addition, Kajanti@éi0&found that the offspring

of women who had preeclampsia were more likely to have a stroke than those born to normotensive
mothers. Recurrent stroke tends to occur during pregnancy in abeé#olof patientgPathan & Kittner
2003)

21.3.4Summary
Young populations have both conventional and unique-naodifiable risk factors for strok@ing & Furie
2004) Overall, the most prominent nemodifiable risk factors for young stroke are family history of
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stroke, gender, and race. Although the data retiag family history is conflicting, some studies have
found it to significantly influence stroke risk in young ad(ilise et al. 2002; Rasuraet al. 2006; Schwaag
et al. 2003) Family history of stroke also tends to be more significant in older particgpg@oeggel
Simonettiet al. 201%; Rolfs et al. 2013)vidence for gender as a significant risk factor for young stroke
is inconclusivedespite reports thamore women tend to suffer stroke at a young age compared to men
(Putaala et al. 2012; Spengo¥&mmos 201Q)Race also appears to play a significant role in stroke risk
and etiology. This is particularly true of hypertensive stroke in young black pati€ititser et al. 1993)
Another risk factor thought to be associated with young stroke is pateramen ovale(Piechowski
Jozwiak & Bogousslavsky 2018jJthough the significance of patent foramen ovale as a risk factor is
unclear, studies have shown it to be associated with young stroke, especially stroke with cryptogenic
etiology. Mitral valve priapse, atrial fibrillation, and previous stroke are all uncommon risk factors not
strongly associated with stroke in young patients. A unique-madifiable risk factor for young female
populations is pregnancy and postpartum. Stroke during these periedsncommon, and usually
attributed to pre-eclampsia or eclamps{&eske 2007)

Conclusions Regarding Neviodifiable Risk Factors

The significance of family history of stroke and patent foramen ovale as risk factors for stroke in young
populations is umlear.

There is a gender preponderance related to age of onset of stroke. Young stroke patients under the
age of 35 are more likely to be females and above 35 years of age are more likely to be males.

Race appears to be an important risk factor for sk® in young populations. Risk appears to be
elevated particularly for young Black patients.

Previous stroke in young patients is less common than in older patients.

Mitral valve prolapse appears to be a minimal risk factor and an infrequent sole etigiagyoung
stroke events.

Atrial fibrillation is an uncommon and understudied risk factor for stroke in young populations.

Pregnancy and postpartum state are unique periods of elevated stroke risk in young females. The
postpartum period is associated Wi a higher risk of stroke.

Non-modifiable risk factors for stroke include family history, patent foramen ovale, age, race, mitral
valve prolapse, and pregnancy/postpartum in young females.

21.4 Recovery and Prognosis

It is well known that young stroke patients demonstrate greater neurological and functional recovery and
hence have a better prognosis compared to older stroke patightiinsky et al. 1992; Hindfelt & Nilsson
1977; Marinietal. 2001; Nedeltchev et al@8). However, a substantial number of young stroke survivors
are foundhavingto cope with permanent cognitive deficitsver a decade after suffering their stroke
(Schaapsmeerders et al. 2018ompared to age matched controls who have not experiencedoliest
young ischemic stroke survivors, with seemingly excellent functional outcome, are found to have a worse
prognosis regarding memory, anxiety and depres$idaje Andreassen et al. 2013b)
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Unfortunately, data is not entirely conclusive in determmwhich stroke subtype(s) and severity levels
will see the most (or least) improvemeliBlackSchaffer & Winston 2004)Yet recently, Vibo and
colleagues(2012)found that increasing age (45 to 5%. 044) and hemorrhagic stroke subtype were
associated wh lower longterm survival rates.

In general, age is associated with poorer rehabilitation outcomes, particularly for the oldest patients
(Falconer et al. 1994More favourable functional outcomes are found for young stroke patients. In a

review examing 979 stroke patients (including ischemic and intracerebral hemorrhage stoke types; see
Table 21.4.1) a negative relationship was found between age and change in FIM score during stay at the
hospital(BlackSchaffer & Winston 2004Younger patients whita higher FIM were also 30% more likely

to return home. I n general, younger patient’s ho
longer stays may be due to the increased likelihood of older patients being discharged directly to nursing
homes(BlackSchaffer & Winston 2004; Falconer et al. 1994)

Some research has shown that young stroke patients benefit more from intravenous tPA compared to
older stroke patient{Poppe et al. 2009; Toni et al. 201Bpwever it may be that the lack of sifjoant
medical comorbidities cause younger patients to fare better and not just thei(Rojepe et al. 2009)

Younger patients are more likely to have a better prognosis and functional outcome compared to older
stroke patienty Nedeltchev et al. 2005 a study conducted by Knoflach et@012) the authors found

age to inverselyredict a good functional outcome according to the Modified Rankin Scale (mRS). They
observed that the probabilitpf a good outcome decreased by 3.1 to 4.2% for each 10 year increase in
age up to 75 years of age; the probability of a good outcome was found to decrease by 10% for every 10
year i ncrement after 75. (20459)fmdingsshattheuypynger strakel by K
population had higher scores for functional ability measured by the mRS and less severe stroke when
compared to the older population. Contrary to these findings, in a comparison of MRS scores at discharge,
Khealani et a2014)found no difference in the proportion of poor functional outcome between patients
greater than and less than 45 years. Despite this, strong evidence suggests that young adults with stroke
experience a greater functional recovery when compared to older a{Biisk-Schaffer & Winston 2004;
Dharmasarojaet al. 2013; Ferro & Crespo 1,98&tniratsaikul et al. 201 ®ark et al. 2014; Smajlovic et

al. 2013; WajéAndreassen et al. 2013b)

Younger patients are also more likely to have a better {tammn survival rée (Nedeltchev et al. 2005n

a retrospective study of patients that had died as a result of cerebral stroke, Martirosyan and Krupskaya
(2013)found that patients less than 45 years of age accounted for 3.0% of deaths from 2000 to 2010,
compared to 17.6%or patients aged 45 to 59 years and 47.6% for patients aged 60 to 74 years. The
authors also found that the mortality rate in patients less than 45 years decreased from 5.3% in 2000 to
2.1% in 2010, while the mortality rate in patients aged 45 to 59g/dacreased from 21.1% to 12.4%.
Similarly, Smajlovic et §2013)studied 3864 young adults with stroke and found mortality to be 19%
lower in young adults compared to older patients from 2001 to 2005. Prospectively, Rlaters et al.
(2013) calculatel the 20year cumulative mortality rate for stroke patients and found a significant
difference between groups, with the lowest rate in patients 18 to 29 years of ag@9180.2%, 339:
23.9%, 4660: 32.9%). Although studies generally report lower mdgtatates with young stroke
compared to older stroke, it is important to note that these results are mostly crude rates and do not
reveal the excess mortalitffobserved deathsxpected deaths]/persoiyears at riskpssociated with
young strokg RuttenJaobset al. 2013). Differences in mortality may be attributed to differences in
other factors such as socioeconomic status and (acelmark et al. 2014; Tsivgoulis et al. 2014)
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Longterm follow-up of young stroke patients has also indicated that yosingke may be associated with
reduced cognition and recurrent strok@&/aje Andreassen et al. 2013dj a prospective study assessing
cognition in young stroke patients and healthy controls, Maaijwee €Ratl4)found both subjective and
executive memoy failures to be significantly more prevalent in young stroke patients. Similar results were
al so observed in @QelBsudyobcogritve péridnmancedntyound strokepatients.
Studies have also suggested that young stroke patients Ingaat a higher risk of recurrent stroke with
the reported incidence rate ranging from 0.7% to 19.@B6gousslavsky & Regli 1987; Eun et al.
2013)However, Rutten]acobs et a(2013a)found no significant difference in the risk of recurrent stroke
between age groups. Studies have also investigated the association of young strokecradsedoost
stroke epilepsy; however, further study is required to define this interagtfmmtz et al. 2013; 2015)

Conclusions Regarding Recovery and Prognosis fongdstroke Patients
Young stroke patients make better neurological recoveries with less disability.
Young stroke patients have a better lorgrm survival rate.

Impaired cognitive performance, recurrent stroke and epilepsy may be associated with-gpinsie
recovery in young adults.

| Young stroke patients have a better recovery and prognosis compared to older stroke patientsl

21.5 Rehabilitation of Younger Stroke Patients

Traditional rehabilitation is generally the same for younger and older stroke pafi€a&sell et al. 2000)
The major difference between the rehabilitation of the two groups lies in the differing nature of
neurological recovery and associated social issues. The nature of family supports, the presence of young
dependents, marital stress, and return to work akissues generally associated with younger stroke
rehabilitation (Dixon et al. 2007)Further, rehabilitation for young stroke survivors should emphasize
participation in fitness activities (higthlemand leisure activities) as these arkenthe activites given up
following a strokeg(Wolf et al. 2012) Common rehabilitation regimes include some combination of
physiotherapy, speech language therapy, occupational therapy, and pharmacological tft&iieipy2 004,
Young & Forster 2007%trategies to improvenotor recovery in young stroke patients inclugenstraint
induced movement therapy, robedided rehabilitation, virtual reality training, EMGofeedback,
functional electrical stimulation, increased exercise intensity, and acupun¢Biein 2004)Fordetailed
information see Chapter 6: The Elements of Stroke Rehabilitation.

A major difference in the rehabilitation of young stroke patients is that, on average, they will have longer

to live with residual disabilitfO'Connor et al. 2005Without apprgriate rehabilitation, this longer period

of time with the disability can r @Gll)lodkedatthe | ar ge
economic benefit of rehabilitation for working aged adults and found that it would require 21 weeks of
inpatient rehabilitation in order for the rehabilitation to offset the cost of dependency. Additionally,

young patients will likely have seen less natural-egjated deterioration of their cognitive and physical
functions. Terént et al(2009)found that young Boke patients receive greater relative benefits from

stroke unit care than elderly stroke patients. For information on-eadated rehabilitation outcomes see

Chapter 4: Managing the Stroke Rehabilitation Triage PrqCisapter 4)
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21.5.1 Perceptions bCare

Young stroke patients often come from a different life situatiban older patients(Stone 2005) Their

needs may be different and this may affect their outlook on the rehabilitation prgdisen et al. 2007)

In a study of neurologically disablgyoung adults (N=24, 8 stroke patients), Dixon e(2007)found
patients had established 2 perAlmedtaitvesn’ on Traeh ab i

Table 21.5.1.1 Patient Perspectives on Rehabilitat{@ixon et al. 2007)
Recovey model (33% of participants)

More common early in rehabilitation process

May be due to unfamiliarity and uncertainty environment

Found to be unrelated to duration of impairment

May cause difficulties in pati e neumlogicgl snpairhemts ogi cal ai
May lack willingness to participate in adaptive behaviours

= =a = —a —a

Adaptation model (42% of participants)*

! More consistent with professionals’ aims for rehabi
1 May require time to adjust to this approach
1 Patients recognized valugf rehabilitation despite underlying impairment

* The remaining 25% of participants subscribes to both models

The recovery model defines rehabilitation as a process to return back to theinpriid state, where as

the adaptation model defines rehabilitation as a
abilities (Dixon et al. 2007 Hartke and Brasét (1994)reported on a questionnaire administered to 100

young stroke survivors pertaining to what programs they felt would be most helpful during inpatient
rehabilitation. Although regarded as generally important, patients rated exercise/fitness progsafas

more important than physicians. Physicians prioritized sexual adjustment counsetireghan patients

(Hartke & Brashler 1994)

“ T pregrams most frequently valued did not necessarily parallel development issues prescribed to be
pertinent to ayounger age group. Only vocational counselling was frequently chosen as valuable among
the highfunctioning survivors. Interventions concerning sexual functioning, parenting, and
dating/interpersonal relationships were chosen relatively less frequerttipadh they mightbe assumed

to be developmentally salient at a younger adelartke & Brashler 1994The programs most highly
valued might be viewed as ag@nspecifiqHartke & Brashler 1994)

The same aut hirocongparimgthe bighantd bweunctionihg respondents, itis not surprising
to observe the higliunctioning survivors more frequently valuing vocational counselling and low
functioning survivorsranking family counselling higher. The-fughtioning subgroup might be in pursuit
of ambitions to return to work. In contrast, the lefunctioning subgroups may have been expressing
greater concern over family strain due to their dependéiieiartke & Brashler 1994)

Stroke patients expressed the need for more information following tbeoke as essential, specifically
about their disease and prognogIBixon et al. 2007; Low et al. 2003; Rdding et al. 20013gy sensed
that people had trouble comprehending them, and had concerns about others perception of their
constant fatigugStone2007)
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Not enough attention has been paid to patients’ ¢
(Malm et al. 1998)This cognitive impairment, as a result of stroke, can complicate a young stroke
patient’ s r ei nt e gmuaityandreturniboavork. Hammel et 42000 ¥ound than70%

of young stroke patients had complained of at least one significant disability in work and social functioning

due to cognitive impairment posttroke.

Though the rehabilitation offered to young stroke patients is similar to that of older patients, younger
patients present many unique problems after strokbBeasell et al. 2000)heir life situation and
neurological recovery are often different than thaf older patients. Consideration should be given to
their unique strugglewith a greater focus on psychosocial issii€sasell et al. 2000 his is supported

by a study conducted by Roding et §2003)which noted that medical doctors and rehabilitation
therapists often ignore cognitive deficits in young patients and focus rather on regaining functional ability.
Helpful interventions for young stroke patients may involve the development of active gieate
cognitive behavioural therapy and the involvement of social supd@tsng et al. 2008)Furthermore,
studies have noted that almost half of young stroke patients are diagnosed with some degree of
depression(Kappelle et al. 1994; Neau et al. 1998hich is associated with poor general outcome
following stroke rehabilitatiorfNeau et al. 1998 Advanced understanding of cognitive deficits is required
for a more effective rehabilitation progragRéding et al. 2003R6ding et ak2003)also repored young
stroke pat i e ratapted retiabilitation erograms. Yoary stroke patients expressed a need
for communication with other stroke patients their age that had been affected by similar experiences
(Dixon et al. 2007; Roding et al. 200B)an attempt to address these needs, Muller et(2D14)enrolled

13 young stroke patients in a social support program designed to facilitate role attainment and
socialization. Although the authors found little improvement on the Stroke Impact Scale fdbeg
significant improvement on the Community Integration Questionnaire and strong positive responses
associated with the program on the pegarticipation survey. Overall however, younger stroke patients
appear to be generally pleased with the tradit@l stroke rehabilitation programi@ixon et al. 2007;
Kappelle et al. 1994)

Conclusions Regarding the Rehabilitation of Young Stroke Patients

Rehabilitation of young stroke patients is similar to the rehabilitation of older stroke patients with the
main differences being the nature of neurological recovery and associated social issues.

Stroke rehabilitation programs with an emphasis on socialization and community integration could be
effective for young stroke patients.

Young stroke rehabilitation dferswhen compared to the typical older stroke rehab because of a
better likelihood of neurological recovery and unique social issues.

21.6 Family Stress

Stroke can affect all members of a family system. In particular, spouses, children, and parexitsns p
often have to make | arge adj ust (VisserMeaslyettab 2088 a | wi t
With younger stroke patients, it would be anticipated that the need for a caregiver would be less because

of the tendency to make a more conepe neurological and functional recoveiindfelt & Nilsson 1992)

However, despite whether a fulltime caregiver is necessary, other family members often assume new
responsibilities to cope with the disability of the stroke pati¢heasell et al. 2000¥-or stroke patients,
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apart from the primary caregiver, other family members generally play only minor (fd®witz 1985;
Tobin & Kulys 1981Primary caregivers for younger stroke patients may also be more readily available as
spouses or parents are mmlikely to be alive, local, and able to assist.

Table 21.6.1 StresSources during Stage &troke for the Patient and Spouse/Partner

Stage Stroke patient Spouse or partner
Initial Crisis 1 The stroke event, seeking 1 The stroke event, seekingssistance
assistance or receiving bad news

Treatment and realization |  Admission to hospital 1  Coping with crisis
1 Inpatient stay 1 Hospital visiting, work, family
1 Coming home 9 The homecoming
1 Coping with change

Adjustment 9 Impact on relationships 1 Impact on relationships

*adapted from Banks and Pears¢2004)

Family members providing care for stroke survivors face their own adjustment problems, as their personal
needs are often sacrificed to meet the needs of the individual being cared for. Wisdlgret al.(200%)

found a correlation between the amount of strain and the level of depression in spouses of younger stroke
patients. Partner strain was often due to emotional distress in children having difficulty coping. The same
authors foundevels ofspousal depressivand quality of marital relationshipne-yearpost-stroke to be
relative to their origindy measured levels. Teasell et §2000)found 38% of young stroke patients
experienced conflict with their spouse during inpatient rehabilitation (as reporteddsypital staff) . In
addition, 1 in 7 couples separated within 3 months of the sti@leasell et al. 2000%ender of the healthy
spouse does not appear to be significant in relation to these trefMisserMeily et al. 200H).
Buschenfeld et a(2009f ound caregivers could be both positive
stroke. Although caregivers reported changes in their-skehtity and a lack of intimacy and familiarity in

their relationship, they found adjustment had to occur and cdfixly managing emotions, drawing from
previous experiences, comparing themselves to others, and depending on or finding social support
(Buschenfeld et al. 2009n a study comparing experiences of young stroke survivors and their partners
or spouses, Banlkesnd Pearso2004¥ound both survivors and carers experiersteess athe initial crisis,
treatment and realizationas well as adjustmerstages but they experience different types of stress at
each of these stages (Table 21.6.1).

Behavioural outcores of the children of young stroke survivors one year sigike could often be
predicted by their behaviours at the start of rehabilitation proc¢¥tsserMeily et al. 200%). During
inpatient rehabilitation, 22% of youngrske patiens appeared to experience conflict with their children
(Teasell et al. 2000The health statussof the spouse and children exe not affected by the severity of
stroke(VisserMeilyet al. 200%). However, VisseMeily et al.(2005) speculates that seveyjtof stroke

has an impact on the amount of support a family received from the hospital rehabilitation staff. Some
stroke survivors have reported that the inherent responsibilities of being a parent impedes or conflicts
with their time to focus on recovergn from their strokgMartinsen et al. 2012)Longer hospitalization
appeared to correlate with the amount of attention rehabilitation staff gave children of young stroke
patients; although, inpatient rehabilitation staff did not pay more attention to aieitdwith adjustment
problems(VisserMeily et al. 200%).

With severe stroke, Silverstone and Horowit®87)noted that families often find themselves in a position

of having to provide skilled nursing care for which they are not experienced and fohn teg have
received no formal training. They often have no choice butto learn the tasks by trial and error. With older
stroke patients, family roles often become reversed, as other family members struggle to fill the void left
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by the stroke survivofTeasell et al. 2000)In the case of young stroke patients, this role reversal is less
apparent. In contrast, old roles were sometimesassumed, in particular when a parent must regain care
for a previously independent chi{@easell et al. 2000Fee als€hapter 19: Community Reirgeation.

Caregivers of stroke survivors are known to suffer from higher rates of depression and deterioration in
their own health(Kinsella & Duffy 1979Cameron et a2011)conveyed thataregives reported more
emotional distress when caring for individuals with stroke who were exhibiting more depressive
symptoms and cognitive impairment, and when caregivers were younger, female, in poorer physical
health, experienced more lifestyle interferenaad reported less mastery. Additional stress is also applied
when the caregiver of a young stroke patient is their spouse. In a series of structured interviews with
young stroke patients and their spouses, Quinn e{20.14)observed that relationships teled to shift

from ones with equal and romantic engagement to ones mimicking a pafefd relationship. Some
caregivers reported feeling the need to be stronger and more protective of their spouse, but felt as though
this new relationship was not a maltrelationship. In a slightly different design, Lawrence and Kinn
(2013)interviewed family members of young stroke patients. Common themes identified were
uncertainty regarding the future, worry for recurrent stroke and frustration with the lower functional
ability of the young stroke survivor and the impact it has on theilfarin the case of younger strokes
where the primary caregiver was the spouse, there are often the added responsibilities of caring for
children (VisserMeily et al. 200%). The relationshigost-stroke betweerparents and their children is
complex and tle stroke event can add stress to the family environment.

Conclusions Regarding Family Stress
Young stroke patients tend to achieve higher levels of functional recovery and independence than
elderly stroke patients. This improved outcome commonly pigss stress on caregivers and close

relations.

Young stroke patients tend to experience different social and adjustment issues compared to elderly
stroke patients.

Caregivers reported more emotional distress when caring for patients exhibiting more elsgive
symptoms and more cognitive impairment.

Improved recovery of young stroke patients tends to putless stress on caregivers; however stryggles
are often associated with changes in relationships and difficulty adjusting pstsbke.

21.7 Institutiondization

For stroke patients with significant disabilities and insufficient social supports, institutionalization
becomes an important consideration. Teasell e{2000)reported institutionalization following formal
rehabilitation occurred in approximaly 5% of patients under the age of 50. Placement of an individual
into a chronic care facility most often occurs when severe stroke is matched with lack of a supportive
caregiver(Teasell et al. 2000Whena caregiver is present, institutionalizatitends tooccurin cases of
deterioration in the caregiver's health or an inability to cope with the continuous stress caused by
increased care requiremen{Boxall & McKercher 1990; Churchill 1993; Colerick & George 1986; Horowitz
1985) Fortunately, instituibnalization is infrequent in young stroke patients.
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Young severe stroke patients often had longer hospitalizations than older cofRlaskSchaffer &
Winston 2004) They concluded this was because older severe stroke patients are recognized as having
less of a chance of functional recovery and are more promptly discharged to nursing homes or
institutionalized care. Whereas, a longer hospital visit for younger patients may result in greater
rehabilitation gains and a greater likelihood of returning horire addition, nursing homes are often
reluctant to accept younger adul{8lackSchaffer & Winston 2004)

Overall, a minimal number of young stroke patients are institutionalized. Teasell(20@D)found that

young stroke patients were institutionalized due to a combination of severe, disabling stroke and an
unwilling, unable or absent caregiver. Younger stroke patients also tend to be institutionalized at a lower
rate over timethan older stroke p#ents. In a study conducted by Schnitzler et(2D14) the authors

found that the rate of institutionalization was lowest in patients aged 18 to 59 years and increased with
age (1859 years: 2.0%, 64 years:3.7%,784 year s: 10. 8 %heautt®oisalsptoand s: 27
that young stroke patients who were institutionalized had significantly worse functional outcomes
according to the Modified Rankin Scale (mRS) compared to those who were discharged home. Good
functional outcomes (MRS-1) were onlyobserved in 10% of institutionalized young stroke patients
compared to 61.3% of young stroke patients living at home. Poor functional outcomes (B)R&ve
observed in 43.5% of institutionalized young stroke patients compared to 6.0% of young straeggpat

living at home. Similar results were also observed in other studies investigating institutionalization of
young stroke patientgAdunsky et al. 1992; Falconer et al. 1994; Lindberg et al. 18@®ever, the
institutionalization of young stroke patis remains an understudied area. Further research is required

to elucidate the factors associated with the institutionalization of young stroke patients.

Conclusions Regarding Institutionalization

Institutionalization is required infrequently in youngtroke patients as a result of better prognosis and
greater availability of caregivers.

Functional improvement s found to be more significant when young stroke patients were
discharged home compared to when they were institutionalized.

Institutionalization is required infrequently in young stroke patients and is generally associated with
severe stroke and poor or limited social support.

21.8 Return to Work

Vocational issues are a facet of rehabilitation unique to the young stroke ptigul Patients <55 years

of age are the most likely to return to wo¢kloward et al. 1985 Elderly patients rarely have a vocational
engagement prior to the stroke, therefore occupational retraining is uncommon. However, younger
stroke patients view vod#nal issues as a primary concern for rehabilitatideasell et al. 2000)

Monga(1997)n o t e s The telabilitation community has devoted only limited effort to the task of
defining what is meant by the phrase return to work, to develop measuresaaitional function, to
applying these measures to patient populations, and to tracking return to work as a measure of
rehabilitation outcome. In the published studies, the investigators do not all mean the same thing by
Wg2N] QT T2 NJ S E lovdniakhg and fuiydut btkes brigREnpekitive employment, and
some restrict it to former employment but others do not specify it at all. The age ranges of groups studied
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differ widely, with some studies including persons 65 years old and older and odimsidering only
LI GASyGa e2dzy3SNI GKFyYy on 2Nl np &@SFENBR 2F | 3S¢

There is also variability in the reported rates of return to work. Some studies show that few young stroke
patients are able to return to previous or any ftithe employment one year posdtroke, even if physical
deficits are minimaGlozier et al. 2008).imitationsincluding headache, cognitive and memory problems,
fatigue, anxiety, and irritation have accounted for reasons that individuals have not resumed a regular
work scheduléMalm & al. 1998) Other research has found a relatively high rate (75%) of return to work
for young individuals within one year pestroke, most within 23 months(Hackett et al. 2012)Also see
Chapter 19: Community Reintegration.

Several factors have been identified as significant predictors of return to work for stroke survivors such as
age, sex, functional status, absence of psychiatric iliness, and educatior{Bevgmann et al. 1991;
Glozier et al. 2008; Howard et al. 19&=sters et al. 2013)Howard et al.(1985)reported that age,
occupation, degree of disability, race, and lesion location were significant factors influencing return to
work potential. They also found that those in managerial positions were most likestum to work.
Similarly, Saeki et 11993; 2010)eported that stroke survivors were more likely to return to work if they

had limited residual muscle weakness, no apraxia and white collar occupations. Meanwhile in one study,
Maaijwee et al.(2014)found stroke severity measured by the National Institute Health Stroke Scale
(NIHSS) and followp duration to be the only factors significantly associated with return to work. The
authors also failed to find an association between skill level measuredumation and employment post

stroke. Adaptations made during ones return to work include a reduction in the number and/or
complexity of tasks performed and changes to the work sche@léekSchaffer & Osberg 1990; Hackett

et al. 2012)BlackSchaffer ad Lemieux1994)found that of the 35 young stroke patients who returned

to work poststroke, most went back to secretarial or clerical positions (N=15) or professional or technical
positions (N=17). They attributed the higher success rate for whiter qodisitions to better education,

work conditions, pay and less physically demanding tasks. The same authors also noted that these jobs
were also more attractive, that workers had more work autonomy, and that fellow coworkers were more
likely to accommodate he i ndi vi dual ' s dBlagk8chaffer&Lechieus84) | i ty at

Weisbroth et al.(1971)found that among left hemiplegics, those with better upper extremity use,
ambulation, and abstract reasoning were more likely to return to work. Righiplegics with milder
communication and cognitive deficits also had better vocational outcomes. A distinct negative correlation
between aphasia and return to work has also been demonstréBtatckSchaffer & Osberg 1990)

Cognitive deficits following stroke are recognized as an important factor in determining return to work.
Unfortunately, many of these cognitive deficits are subtle or not readily apparent on general examination
(BlackSchaffer & Lemieux 19940 such cases, neuropsychological testimay be required in order to
accurately delineate the extent of cognitive prob
eventual return to work(Lindberg et al. 1992; Ljunggren et al. 1988)e impact of cognitive impairment

on return to workin young stroke patients was assessed in a study conducted by Kaurane(2éta))

The authors found that the inability to return to work at 6 months pesbke was significantly correlated

with cognitive deficits in motor skills, psychomotor speettaitive functioning and episodic memory
both at the initial assessment and at the follayp. Compared to young stroke patients without a cognitive
deficit, those with a deficit had twice the likelihood of being unable to return to wg&uranen et al.
2013). The authors also noted a high level of functional recovery in the studied population; therefore the
low observed return to work rate of 41% was attributed mainly to severe cognitive impairments. Cognitive
impairments including memory deficits, indifemce, anosognosia, depression, emotional lability and
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aphasia have all been shown to reduce the likelihood of returning to work-gtoske(Graham et al.
2011)

Other studies have shown that stroke survivors tend to not return to their previous empoy/Brooks

et al. 1987; Coughlan & Humphrey 1982; Howard et al. 1985; Isaacs et al. R@¢éntly, Glozier et al.
(2008)found that 53% of young stoke patients returned to-tirthe employment after their first stroke
event. The inability to return to wrk frequently leads to emotional and financial hardships for stroke
survivors and their familie€Churchill 1993)To address this issue, The Stroke Association & Different
Strokes published Getting Back to Work after Str@arker 2006)Their recommendtions for assisting
young stroke patients return to work are detailed in Table 21.8.1.

Table 21.8.1 Summary @etting Back to Work after Strok@Barker 2006)
Prospective Goals

1 Full implementation of the proposals in thdlational Service Framework for lotgrm conditions for loca
rehabilitation services and specialist vocational rehabilitation services.

1 More early supported discharge services in hospitals to help support stroke survivors in getting back home ¢
the community.

1 More takeup by Primary Care Trusts and local authorities of the support services offered by voluntary organiz

1 Accesstoacomprehensive rehabilitation service that is staffed by a multidisciplinary team including physiothe
occupational therapists, speech and language therapists, and psychologists.

Recommendations

1 Health and social care professionals have more education on the impact of stroke on people of working age
subsequent needs of this group.

1 Greatercoordination and integration between health and social services and other agencies in the planni
delivery of services.

T Personalized care plans that aim to get the stroke survivor fit for work should be in place before the stroke s
leaves the bspital.

T Rehabilitation should go further than a minimal functional level and continue as long as it is benefiting the
survivor.

T Rehabilitation should provide more emotional and psychological support.

1 Stroke survivors and their families are to béarmed of all the support that is available to them, both statutory ¢
voluntary.

1 Rehabilitation staff should be designated to deal with vocational/work related issues.

1 There should be greater liaison between health/social care professionals and employers

1 There should be more vocational rehabilitation services specifically designed to meet the needs of people wi
term neurological conditions.

Conclusions Regarding Return to Work for Young Stroke Patients
Vocational isues are important for young stroke patients.

An inability to return to full employment is associated with cognitive impairments, poor functional
recovery, working in a blue color position and more severe stroke.

Reported rates of return to work one year pastroke range from 7% to 75%.

Vocational issues are often neglected in young stroke patient rehabilitation.
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Vocational issues in young stroke patients are influenced by job type, cognitive ability, fundtiona
recovery and stroke severity.

21.90ngoing Care of the Young Stroke Survivor

The unique needs of young survivors psiibke are understudiedDixon et al. 2007)Differences in a
young patient’s |life situati omegreatenfoeusshalldbegiveh hei r
to psychosocial issué3easell et al. 2000The impact that the stroke has had on a young individual may

not be as obvious. This invisible disability can lead to both subtle and major social issues, including post
stroke patients doubting the validity of their own disabilifgtone 2005)Employers and professionals

within the community should try to focus on meeting the needs of stroke survivors and their families in
order to facilitate participation and independence feiroke patientgKersten et al. 2002)

The improved outcomes seen by young people ggisbtke often reflect less of a need for continuous
primary care. However, prevention of a second stroke is &gy and treatment is similar to that of older
cohorts(Hindfelt & Nilsson 1977 Btudies investigating the incidence of recurrent stroke in young stroke
have found recurrent stroke to occur in 0.7% to 19.2% of young stroke pafBotpusslavsky & Regli
1987; Eun et al. 2013)n a long term followup study, Hindfelt and Nilssoi992)followed 74 young
adults for 1326 years postschemic stroke. Common health concerns included {apstplectic epilepsy
(12.9%), depression (11.3%), muscular pain (9 1686k pain (8.1%), and HTN (8.1%). Further, atemy
follow up study by Naess et #2004)found young stroke patients had a high number of modifiable risk
factors and highlighted the need for increased efforts towards secondary prevention.

Poststroke fatigue (PSF) is known to be related with higher mortality rates, depression, and lower
functional outcomes in older patien{®aess et al. 2005an young survivors, PSF is relatively unstudied.
Naess et al2005a)xuggeststhat PSF in young adults magatively affect scholastic, vocational and social
pursuits. The authors observed that patients with PSF were independently associated with unfavourable
functional outcomes and unemployment at a mean of 6 years-gtrskke. PSF in young stroke was ferth
investigated by Maaijwee et g2015) The authors found fatigue to be significantly associated with a
poor functional outcome, depressive symptoms, anxiety and deficits in executive functiSoingeiro et

al. (2014)also found significant associatis between fatigue and poor performance on an executive
functioning test It has been found that thprevalence of fatigudoes not diffetbetween different lesion
locations which the authors attributed to the initial characteristics of stroke not beinfprag-term
determinant of fatigugMaaijwee et al. (2015)

In addition to fatigue, young stroke patients can experience anxiety and depressive symptorssqest

(C. M. Chen et al. 2014)he incidence of anxious or depressive symptoms was found to be significantly
greater poststroke in young stroke patients compared to healthy controls (53% vs. F&#)crantz et

al. 2014) One study found that posdtroke depression (PSD) was presarf26.9% of patients aged 48
(Naess et al. 2005an addition, compared to older cohorts, differences in severity but no differences in
incidence of depression were foufNaess et al. 2005bMild depression was noted in 25.0% of patients,
compared tol5% in older posstroke patients. The authors also found alcoholism;gtreke depressive
symptoms, and severe neurological deficits upon admission to be associated with a higher risk of PSD
(Naess et al. 2005bontrary to this, Tanislav et @015)found clinically relevant depressive symptoms

in young adults following stroke to be significantly more prevalerdldter patients(18-24 years: 3.5%,
25-34 years: 7.4%, 384 years: 9.4%, 455 years: 11.1%gnd females (12.6% vs. 8.2%he authors
proposed that the higher rate of depression in females could be due to genetic predisposition, fluctuating
hormone levels or segpecific coping strategies. See Chapter 18: fSbtke Depression.
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The stroke event and the rehabilitation process are consttatcknowledged as traumatic ever{i@ixon

et al. 2007; Roding et al. 2003; Stone 20@)strehabilitation, young stroke patients are interested in
connecting with others who share similar experien¢&one 2007)In a series of qualitative studies, it
was reported that young stroke survivors required time to come to terms with having a stroke. They also
required time to cope with changed physical abilities, work, family, and socigSttene 2005, 2007)
Another issue associated with young strokeesual impairment. In a study conducted by Bugnicourt et

al. (2014) the authors found 29% of young stroke patients to report sexual impairment. The authors also
found sexually impaired patients to exhibit significantly more anxious and depressive symptans
compared to norsexually impaired patients. However, sexual impairment in young stroke patients is a
relatively unstudied area, therefore further research is required to define this association.

Conclusions Regarding Future Needs of Younger StRakeents

Young patients need to be aware of possible lotgym health consequences including recurrent
stroke, epilepsy and sexual impairment.

Poststroke depression and posttroke fatigue can occur in young patients.

Young stroke patients need to @nnected with support organizations and those who share similar
experiences.

Young patients posstroke tend to have unique psychosocial and supportive needs rather than
specific health concerns.
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Summary

1.

10.
11.

12.

13.

14.

15.

16.

17.

The incidence of stroke in young patients is notably lower than in older patients. Variable incident
rates have been reported, ranging from 3/100,000 to 44.3/100,000 and 3/1,000 to 25/1,000 for
younger versus older individuals, respectively.

Theincidence of stroke in young patients has increased over time.
The incidence of ischemic stroke tends to be greater than the incidence of hemorrhagic stroke.

Up to one third of strokes in young people are of unknown etiology. However, as diagnostc
methods improve this proportion is decreasing.

The most common causes for hemorrhagic stroke in young patients include hypertension,
arteriovenous malformation, ruptured aneurysm, or a combination of these factors.

Hypertensiorremains an important and more comon cause of ICH in the younger population,
with varying rates among different races.

The majority of strokes in young patients are ischemic. Cardiac embolismis a frequent cause for
patients younger than 40, while advanced atherosclerosis is a commori@jpin patients aged
40-49.

There are many uncommon etiologies that have been recognized as risk factors for stroke in young
patients, including but not limited to, migraines, neatherosclerotic vasculopathy, plasma
homocysteine level, drug abusalcohol abuse, mitral valve prolapse, oral contraceptives, stroke
multifocal intracranial stenosis, monoarterial intracranial stenosis, extracranial dissection,
cardioembolism, cardiac disease, polymorphis, and Bid$ociated with postpartum state.

Smokirg is the most significant risk factor for stroke in the young population.
Hypertension is a significant risk factor for young stroke.

Hyperlipidemia, diabetes mellitus, and elevated plasma homocysteine level are stroke risk factors,
particularly for thoseaged >35.

Alcohotrelated stroke events in young patients are relative to the amount consumed. One to two
alcoholic beverages daily may reduce the risk of stroke while alcohol abuse can be a significant
risk factor for stroke.

Drug use is an uncommon rigictor for strokein general but is more common in the younger
population. Drug abuse and cocaine use can cause both ischemic stroke and hemorrhage in young
people.

Oral contraceptives play a minor role in stroke risk when paired with other factors. Higke oral
contraceptives appear to be a more important risk factor for stroke in young people compared to
low-dose oral contraceptives.

Adherence to specific dietary patterpparticularly a Mediterranean type dietcan reduce the risk
of stroke in a youngpopulation. High intake of salt can increase risk of stroke, whereas high intake
of potassium can reduce the risk of stroke.

Migraine with aura s a risk factor for young stroke. Young women in particular are at an elevated
risk.

Further study is requiretb determine the validity of Chlamydia pneumonia as a risk factor for
young stroke.

21. The Rehabilitation of Younger Stroke Patients pg. 40 of 63

www.ebrsr.com


http://www.ebrsr.com/

18. The significance of family history of stroke and patent foramen ovale as risk factors for stroke in
young populations is unclear.

19. There is a gender preponderance relatenl dge of onset of stroke. Young stroke patients under
the age of 35 are more likely to be females and above 35 years of age are more likely to be males.

20. Race appears to be an important risk factor for stroke in young populations. Risk appears to be
elevated particularly for young Black patients.

21. Previous stroke in young patients is less common than in older patients.

22. Mitral valve prolapse appears to be a minimal risk factor and an infrequent sole etiology in young
stroke events.

23. Atrial fibrillation is anuncommon and understudied risk factor for stroke in young populations.

24. Pregnancy and postpartum state are unique periods of elevated stroke risk in young females. The
postpartum period is associated with a higher risk of stroke.

25. Young stroke patients makbetter neurological recoveries with less disability.

26. Young stroke patients have a better lorgrm survival rate.

27. Impaired cognitive performance, recurrent stroke and epilepsy may be associated with-post
stroke recovery in young adults.

28. Rehabilitationof young stroke patients is similar to the rehabilitation of older stroke patients with
the main differences being the nature of neurological recovery and associated social issues.

29. Stroke rehabilitation programs with an emphasis on socialization and conmity integration
could be effective for young stroke patients.

30. Young stroke patients tend to achieve higher levels of functional recovery and independence than
elderly stroke patients. This improved outcome commonly puts less stress on caregivers aad clos
relations.

31. Young stroke patients tend to experience different social and adjustment issues compared to
elderly stroke patients.

32. Caregivers reported more emotional distress when caring for patients exhibiting more depressive
symptoms and more cognitivenpairment.

33. Institutionalization is required infrequently in young stroke patients as a result of better prognosis
and greater availability of caregivers.

34. Functional improvement \as found to be more significant when young stroke patients were
discharged hane compared to when they were institutionalized.

35. Vocational issues are important for young stroke patients.

36. Aninability to return to full employment is associated with cognitive impairments, poor functional
recovery, working in a blue color position armdore severe stroke.

37. Reported rates of return to work one year postroke range from 7% to 75%.

38. Young patients need to be aware of possible loteym health consequences including recurrent
stroke, epilepsy and sexual impairment.

39. Poststroke depression and posttroke fatigue can occur in young patients.
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40. Young stroke patients need to be connected with support organizations and those who share
similar experiences.
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