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Chapter 2
Familial Occurrence and Heritability of Stroke

Hugo J. Aparicio and Sudha Seshadri

�Introduction

Clustering of clinical strokes among related family members is an indication of the 
aggregate genetic, environmental, and lifestyle factors shared by these family mem-
bers, all of which could increase susceptibility to stroke. A family history of stroke 
or of other atherosclerotic events, such as a myocardial infarction, is a moderate risk 
factor for stroke, as observed in twin, cohort, and case-control studies [1]. With the 
exception of some rare Mendelian disorders, most stroke occurring in a clinic or 
population sample has a complex inheritance pattern, but the relative importance of 
genetic factors can be estimated by studying the familial occurrence of stroke. 
Patterns of familial aggregation can also direct which subgroups to investigate fur-
ther as more likely to share common underlying genetic variation; thus we could 
define subgroups by age, gender, ethnicity, presence of vascular risk factors, or 
stroke subtype [2, 3]. Focused investigations within these subgroups using modern 
genotyping techniques (phenotyping ‘splitting’) can increase the yield in identify-
ing gene variants associated with stroke [4, 5]. As a predisposing risk factor, family 
history can be used clinically for risk prediction and to encourage primary disease 
prevention [6].
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�Establishing the Heritability of Stroke

Heritability may be defined as the proportion of the observed phenotypic variation 
among individuals, in traits or in risk of disease, that is attributable to genetic vari-
ability. Family history and verified familial occurrence studies, particularly twin 
studies [7, 8], were instrumental in demonstrating that part of the variability recorded 
in the occurrence of stroke was attributable to genetic variation [9]. Familial aggre-
gation of stroke risk factors, such as hypertension and smoking, could partially 
explain these associations. Studies that adjusted analyses for vascular risk factors 
showed an attenuated association. However, family history of stroke persists in 
these studies as an independent risk factor [1, 10].

New methods have used data from genome-wide association studies (GWAS) to 
confirm the heritability of stoke. Genome-wide complex trait analysis, using known 
genetic associations with stroke, estimates the heritability of ischemic stroke and 
intracerebral hemorrhage. [11, 12] Heritability of endophenotypes, such as MRI 
markers of subclinical disease or intermediate vascular risk factors, have also been 
investigated. The degree of white matter hyperintensities measured on brain MRI, 
for example, is estimated to have a heritability as high as 55–80% [13, 14]. 
Heritability estimates for these phenotypes and endophenotypes are shown in 
Table 2.1.

Given the wide range of phenotypes and endophenotypes that characterize a 
clinical stroke, it is evident that many genes are involved in contributing to stroke 
risk. Genes may interact with other genes, as well, causing epistatic modification, 
which can impact true heritability. The majority of family and genetic studies have 
been performed using populations of European descent. The distribution and herita-
bility of stroke may differ by ethnicity [15].

Table 2.1  Heritability of 
ischemic stroke, stroke 
subtypes, and 
endophenotypes

Any ischemic stroke [11] 38%
Ischemic stroke subtype [11]
    Large vessel ischemic stroke 40%
    Cardioembolic stroke 33%
    Small vessel ischemic stroke 16%
Endophenotypes
    White matter hyperintensities [13, 14] 55–80%
    Carotid intima media thickness [16, 17] 21–38%
    Carotid artery plaque [17–19] 23–78%
Mediating risk factors [20]
    Hypertension 40–60%
    High-density lipoprotein 25–50%
Intracerebral hemorrhage (ICH) [12] 44%
    Deep ICH 34%
    Lobar ICH 73%
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�Twin Studies to Investigate the Genetic  
Epidemiology of Stroke

Twin studies are important for differentiating the role of genetic factors from that of 
shared environmental or lifestyle influences for stroke. Up to a doubling of risk is 
observed in monozygotic twins compared to dizygotic twins or siblings [1, 7]. 
Monozygotic twins are also more likely to have comparable increased volume of 
white matter hyperintensities on brain MRI than dizygotic twins [13]. A challenge for 
this type of study is the recruitment of sufficient twin pairs to analyze by subgroups, 
such as by ethnicity or stroke subtype. Stroke is common at older ages, and twins may 
be more likely to die of unrelated diseases as they age, so capturing sufficient cases 
may be difficult. Similar challenges are seen in recruiting non-twin sibling pairs [21].

�Parental Stroke and Risk of Stroke in Offspring

The effects of familial relationship in family history of stroke have been investi-
gated in prospective cohort and case-control studies [1, 10, 22–31]. In the 
Framingham Heart Study Original (parental) and Offspring cohorts, parental stroke 
by 65 years of age resulted in a nearly threefold increased risk of stroke in the off-
spring [10]. The risk of stroke was highest in those offspring who also had a stroke 
before 65 years of age [10, 27]. A family history of stroke in both parents can more 
than double the risk of stroke [23, 32]. Parental history of stroke was associated with 
subclinical (silent) cerebral infarct, after adjustment for vascular risk factors [31]. 
Studies to date have not found a clear association between parental history of stroke 
and TIA or recurrent stroke [33–35].

�Risk of Stroke Between Siblings

A history of ischemic stroke in a sibling is associated with an increased risk of isch-
emic stroke in a proband, and the same pattern is seen in concordance of hemor-
rhagic stroke between siblings [36]. Stroke in siblings may also be associated with 
risk of recurrent stroke and with stroke severity [37, 38]. Co-existence of stroke is 
higher in full, than in half siblings [39]. Environmental and genetic interactions may 
be even more pronounced among siblings, who share parents, common risk factor 
exposures, and lifestyle behaviors.

Siblings share similar cardiovascular risk factors [40, 41] but may not always 
develop similar stroke subtypes [36, 42–44]. Associations persist however, even 
after adjustment for known vascular risk factors, suggesting that genetic factors may 
have an independent mechanism and heritability apart from conventional risk 
factors [10, 37]. There may also be differences across ethnicities for how stroke and 
vascular risk factors aggregate between siblings [15].

2  Familial Occurrence and Heritability of Stroke
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�Age at Onset with Familial Aggregation of Stroke

The extent to which genetic factors increase stroke risk appears to be age dependent. 
Typically, family history of stroke is a stronger stroke risk factor when either the 
affected first-degree relative or the individual stroke patient with positive family 
history are younger at the time of the stroke [1, 45–47]. In meta-analysis, family 
history of stroke was shown to be more frequent in studies that restricted the age of 
either the proband or the relatives to <70 years [1]. Genetic factors increasing risk 
for stroke may be enriched in families with early-onset of the disease. The proband 
may develop stroke at a younger age due to influences from the shared environment, 
adoption of similar lifestyle behaviors, as well as shared genetics [45, 48, 49].

�Family History and Sex Differences

Differences in stroke risk associated with parental stroke are observed according to 
the sex of the proband and to whether there is a maternal or paternal history of 
stroke. Female stroke patients are more likely to have a first-degree relative with 
stroke, compared to male patients, and they are more likely to report a maternal his-
tory of stroke [10, 50–52]. An excess in affected sisters of female probands has also 
been observed [50]. In contrast, male probands are no more likely to have a paternal 
than a maternal history of stroke in many studies [53]. These observations suggest a 
sex-specific interaction [53, 54].

Sex differences, in female stroke patients overall and in younger cohorts, may be 
explained by genetic, developmental, and environmental pathways. Penetrance may 
be increased in females due to inheritance of mitochondrial DNA. Depending on the 
sex of the parent transmitting the gene, there may be differential imprinting of a 
disease susceptibility gene. Special imprinting may occur through sex chromo-
somes or mitochondrial inheritance [53]. In utero effects, stimulated by the immune 
system, tobacco, drugs, diet, or factors associated with socioeconomic status of the 
mother, for example, may cause specific epigenetic changes in the fetus. Fetal pro-
gramming in certain environments may increase the risk of stroke as an adult. 
Potential differences between maternal and paternal transmission of stroke need 
further study [22, 28].

�Familial Aggregation by Stroke Phenotype

A few studies have related family history of stroke to ischemic stroke subtypes of 
small artery occlusion and large-arty atherosclerosis [10, 26, 27]. Other subtypes, 
including cardioembolism, rare causes such as dissection, and undetermined causes, 
may share less significant or no association with family history of stroke [27, 51]. 

H.J. Aparicio and S. Seshadri



13

Data from the Framingham Heart Study showed that increased risk of stroke in 
offspring with a parental history of stroke was most associated with atherosclerotic 
brain infarction. This category includes small-vessel occlusion, ‘lacunar’ infarc-
tions, and large-artery atherosclerosis [10].

Underlying disorders for cerebral small vessel disease may be more heteroge-
neous than for large-artery atherosclerosis. This may partly explain why heritability 
of large vessel disease is observed to be higher [26, 27]. Heritability of carotid 
artery stenosis has been studied, showing a moderate association with family his-
tory of stroke [55]. Investigators were unable to correlate family history of stroke to 
stroke subtypes in an Asian population, specifically with risk of intracranial athero-
sclerotic disease [37]. Cardioembolic stroke may show less association with family 
history due to the heterogeneous etiology of the embolic sources, such as valve 
disease, myocardial infraction, patent foramen ovale, and cardiomyopathy [27]. 
There may be fewer overall cases of stroke due to cardioembolism, or these may be 
misclassified during hospitalization due to unrecognized factors, such as paroxys-
mal atrial fibrillation.

Intermediate phenotypes, such as neuroimaging biomarkers of cerebral small 
vessel disease, have also been studied in relation to family history of stroke. White 
matter hyperintensities seen on brain MRI are associated with stroke in first degree 
relatives [13, 56]. Familial aggregation is associated with asymptomatic lacunar 
infarcts in younger stroke patients age <65 years [46]. Further research is needed 
to confirm associations of family history of stroke with cerebral microbleeds, 
enlarged perivascular (‘Virchow-Robin’) spaces, and cortical cerebral micro-
infarcts [57–59]. Methods for phenotyping stroke and subclinical disease are 
important for genetic studies, as the genetics of stroke may be subtype dependent 
[4, 5, 60].

Table 2.2 displays associations of family history of stroke in first degree rela-
tives, parents, or siblings, with ischemic stroke subtype. Familial aggregation of 
intracerebral hemorrhage and cerebral amyloid angiopathy are discussed in a subse-
quent chapter. Intracerebral and subarachnoid hemorrhage risk are associated with 
a positive family history, as summarized in Table 2.3.

�Challenges in Family History Studies of Stroke

The variability of results from family history studies may be partially attributed to 
misclassification of stroke cases or insufficient data regarding associated vascular 
risk factors. Inaccurate reporting of family history may underestimate the heritable 
component of stroke. Insufficient adjustment for confounding factors may overesti-
mate heritability.

Recall bias may occur in case-control studies because stroke patients are more 
likely to recall or know of a family history of stroke than controls, who have not 
suffered the disease or inquired with family members [68]. The accuracy of offspring 
reports of parental history of stroke is highest where no stroke has occurred in the 
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parent [69]. Family history of subarachnoid hemorrhage, a rare outcome, is particu-
larly difficult to ascertain [70]. Research with family history data need to consider 
not only whether or not there is a positive family history but also the number of rela-
tives affected [71].

Methods of ascertaining and recording the familial occurrence of stroke include 
recall by the proband in a structured interview or through use of a questionnaire. 
Concordance between reporting of stroke by parents and offspring is good when 
offspring are interviewed in a standardized manner by a health professional [72]. 
There are no differences between men and women in recall of family history when 
one examines data from community-based and hospital studies [69, 72]. Studies 
may also collect data on cerebrovascular disease within a family from their death 
certificates, although the accuracy of these data has been called into question [73]. 
Other sources include hospital and outpatient documentation, review of parental 
medical records, and data from medical registries. Hospital studies are susceptible 

Table 2.2  Representative studies associating family history of stroke to increased stroke risk, 
adjusted for vascular risk factors

All 
ischemic 
stroke  
[1, 10, 27, 
39, 61]

Stroke 
recurrence 
[33]

Small-
artery 
occlusion 
[26, 27, 
45, 62]

Carotid 
artery 
stenosis 
[55]

Large-artery 
atherosclerosis 
[26, 27, 45]

Cardioembolic 
stroke [26, 27, 
45]

Cryptogenic 
or 
undetermined 
stroke  
[26, 27, 45]

First 
degree 
relative

OR 
1.3–1.8

HR 
NS-2.1a

OR NSb OR 1.4 OR 1.7b OR NSb,c OR NSb

OR 
1.8c–2.8

OR 1.9c–2.1 OR 1.7c

RR 2.9

Parental 
stroke

OR 
1.9–2.2d

HR NS RR 4.5 OR NS e e e

Sibling 
stroke

OR 1.7 HR 1.7 RR 2.1 OR 1.5 e e e

RR 1.6

OR odds ratio, RR relative risk, HR hazard ratio, NS non-significant association
aRelative’s age at stroke onset <50 years
bFirst degree relative stroke by ≤65 years of age
cFamily history of stroke in patients with stroke <70 years of age
dParental stroke by ≤65 years of age
eUnknown or data unavailable

Table 2.3  Increased risk of intracranial hemorrhage in patients with family history of hemorrhagic 
stroke, adjusted for vascular risk factors

Intracerebral hemorrhage 
[26, 47, 63, 64]

Subarachnoid hemorrhage 
[65–67]

Increased risk with positive family 
history of ICH/SAH

OR 2.1–6.3 OR 3.2a–4.3

Lobar ICH: OR 3.9
Non-lobar ICH: OR 5.4

aFirst degree relative with subarachnoid hemorrhage or intracranial aneurysm
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to inclusion bias. Multigenerational cohort or clinic-based studies have the advantage 
of directly interviewing both parents and all offspring for information regarding 
whether or not they ever developed symptoms suggestive of a stroke and examining 
them for any residual signs of an old stroke. This is arguably the most accurate way 
to ascertain familial co-occurrence of stroke. A final factor that may introduce bias 
would be misattributed paternity. Rates of non-paternity are very low and this would 
have little effect overall.

Hemorrhagic and ischemic stroke types are frequently analyzed together in older 
studies. Ascertainment bias can occur where these types are not distinguished or if 
there is no information on stroke subtype. This may occur especially in the parents’ 
generation, as older patients may have worse recall of distant events. Also, with 
strokes that occurred prior to 1970, the diagnosis of stroke subtypes was only reliable 
for fatal events that came to autopsy, as the available technologies such as a carotid 
arteriogram were more dangerous, less routinely undertaken, and less capable of cor-
rectly classifying the stroke type. CT scans were not widely available before the late 
1970s and modern neuroimaging with MRI came into clinical use only in the 1990s.

�Research Application in Genetic Studies

Family studies in stroke have provided strong evidence of familial aggregation, sug-
gesting that research in stroke genetics can identify gene variants responsible for 
increasing disease risk. Candidate genes account for stroke in many monogenic 
disorders, such as the NOTCH3 gene in CADASIL (see Chap. 6), explaining the 
grouping of stroke in certain families. GWAS and next-generation sequencing stud-
ies have identified over a dozen gene variants associated with stroke. These studies 
could be enriched by findings exploring stroke heritability patterns using various 
designs of family history studies. Future research would benefit from differentiation 
of ischemic and hemorrhagic stroke types, classification of ischemic stroke sub-
types, subgroup analyses by age and gender, and adjustment for intermediate phe-
notypes or mediators of increased stroke risk. Well-defined subtypes allow 
investigators to identify specific pathogenic pathways that can be targeted for pre-
ventive strategies and treatments.

�Clinical Application

One clinical application of family history studies is emphasizing the urgent need 
for, and benefits to, addressing environmental or lifestyle (modifiable) risk factors 
which predispose to disease in the person with a strong inherited (non-modifiable) 
risk profile. Data in Fig. 2.1, from the Framingham Heart Study, show that aggre-
gation of vascular risk factors greatly amplifies the stroke risk associated with fam-
ily history [10]. Thus, intense risk factor management can mitigate the increased 
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risk from a positive family history. Separate research has shown associations 
between family history of stroke and specific modifiable risk factors, such as blood 
pressure [74].

In determining stroke risk, prediction algorithms may incorporate family history 
of stroke to improve clinical risk prediction. Used as a screening tool, practitioners 
can encourage behavioral modification or medications to prevent disease. Figure 2.2 
is an example of a proforma that can be used in clinical practice to collect informa-
tion about family history of stroke.
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Fig. 2.1  Cumulative incidence of all stroke in offspring by quintile of baseline Framingham 
Stroke Risk Profile (FSRP) score* for offspring with and without parental occurrence of stroke 
before 65 years of age (Seshadri, et al. Circulation, 2010). *FSRP: covariates include age, sex, 
systolic blood pressure, antihypertensive therapy, diabetes mellitus, smoking status, history of car-
diovascular disease other than stroke, and the presence of atrial fibrillation or left ventricular 
hypertrophy on electrocardiogram

Born a twin?
Yes (identical) Yes (fraternal) No

Were you adopted? Yes No

First degree relative Age at first diagnosis of stroke Age at death

Biological mother

Biological father

Female siblings Number:

Male siblings Number:

Fig. 2.2  Proforma for family history of stroke

H.J. Aparicio and S. Seshadri



17

References

	 1.	Flossmann E, Schulz UG, Rothwell PM. Systematic review of methods and results of studies 
of the genetic epidemiology of ischemic stroke. Stroke. 2004;35(1):212–27.

	 2.	Yates PO. A change in the pattern of cerebrovascular disease. Lancet. 1964;1(7324):65–9.
	 3.	Marshall J. Familial incidence of cerebrovascular disease. J Med Genet. 1971;8(1):84–9.
	 4.	NINDS Stroke Genetics Network and International Stroke Genetics Consortium. Loci associ-

ated with ischaemic stroke and its subtypes (SiGN): a genome-wide association study. 
Lancet Neurol. 2016;15:174–84.

	 5.	Neurology Working Group of the Cohorts for Heart and Aging Research in Genomic 
Epidemiology (CHARGE) Consortium; Stroke Genetics Network (SiGN); International 
Stroke Genetics Consortium (ISGC). Identification of additional risk loci for stroke and small 
vessel disease: a meta-analysis of genome-wide association studies. Lancet Neurol. 
2016;15(7):695–707.

	 6.	Banerjee A. A review of family history of cardiovascular disease: risk factor and research tool. 
Int J Clin Pract. 2012;66(6):536–43.

	 7.	Brass LM, Isaacsohn JL, Merikangas KR, Robinette CD. A study of twins and stroke. Stroke. 
1992;23(2):221–3.

	 8.	Bak S, Gaist D, Sindrup SH, Skytthe A, Christensen K. Genetic liability in stroke: a long-term 
follow-up study of Danish twins. Stroke. 2002;33(3):769–74.

	 9.	Falcone GJ, Malik R, Dichgans M, Rosand J. Current concepts and clinical applications of 
stroke genetics. Lancet Neurol. 2014;13(4):405–18.

	10.	Seshadri S, Beiser A, Pikula A, Himali JJ, Kelly-Hayes M, Debette S, et al. Parental occur-
rence of stroke and risk of stroke in their children: the Framingham study. Circulation. 
2010;121(11):1304–12.

	11.	Bevan S, Traylor M, Adib-Samii P, Malik R, Paul NL, Jackson C, et al. Genetic heritability of 
ischemic stroke and the contribution of previously reported candidate gene and genomewide 
associations. Stroke. 2012;43(12):3161–7.

	12.	Devan WJ, Falcone GJ, Anderson CD, Jagiella JM, Schmidt H, Hansen BM, et al. Heritability 
estimates identify a substantial genetic contribution to risk and outcome of intracerebral hem-
orrhage. Stroke. 2013;44(6):1578–83.

	13.	Carmelli D, DeCarli C, Swan GE, Jack LM, Reed T, Wolf PA, et al. Evidence for genetic vari-
ance in white matter hyperintensity volume in normal elderly male twins. Stroke. 
1998;29(6):1177–81.

	14.	Atwood LD, Wolf PA, Heard-Costa NL, Massaro JM, Beiser A, D’Agostino RB, et al. Genetic 
variation in white matter hyperintensity volume in the Framingham Study. Stroke. 
2004;35(7):1609–13.

	15.	Lisabeth LD, Kardia SL, Smith MA, Fornage M, Morgenstern LB. Family history of stroke 
among Mexican-American and non-Hispanic white patients with stroke and TIA: implications 
for the feasibility and design of stroke genetics research. Neuroepidemiology. 2005;24(1-2): 
96–102.

	16.	Fox CS, Polak JF, Chazaro I, Cupples A, Wolf PA, D’Agostino RA, et al. Genetic and environ-
mental contributions to atherosclerosis phenotypes in men and women: heritability of carotid 
intima-media thickness in the Framingham Heart Study. Stroke. 2003;34(2):397–401.

	17.	Sayed-Tabatabaei FA, van Rijn MJ, Schut AF, Aulchenko YS, Croes EA, Zillikens MC, et al. 
Heritability of the function and structure of the arterial wall: findings of the Erasmus Rucphen 
Family (ERF) study. Stroke. 2005;36(11):2351–6.

	18.	Hunt KJ, Duggirala R, Goring HH, Williams JT, Almasy L, Blangero J, et al. Genetic basis of 
variation in carotid artery plaque in the San Antonio Family Heart Study. Stroke. 
2002;33(12):2775–80.

	19.	Tarnoki AD, Baracchini C, Tarnoki DL, Lucatelli P, Boatta E, Zini C, et al. Evidence for a 
strong genetic influence on carotid plaque characteristics: an international twin study. Stroke. 
2012;43(12):3168–72.

2  Familial Occurrence and Heritability of Stroke



18

	20.	Vattikuti S, Guo J, Chow CC.  Heritability and genetic correlations explained by common 
SNPs for metabolic syndrome traits. PLoS Genet. 2012;8(3):e1002637.

	21.	Meschia JF, Brown Jr RD, Brott TG, Hardy J, Atkinson EJ, O’Brien PC. Feasibility of an 
affected sibling pair study in ischemic stroke: results of a 2-center family history registry. 
Stroke. 2001;32(12):2939–41.

	22.	Kiely DK, Wolf PA, Cupples LA, Beiser AS, Myers RH. Familial aggregation of stroke. The 
Framingham Study. Stroke. 1993;24(9):1366–71.

	23.	Vitullo F, Marchioli R, Di Mascio R, Cavasinni L, Pasquale AD, Tognoni G. Family history 
and socioeconomic factors as predictors of myocardial infarction, unstable angina and stroke 
in an Italian population. PROGETTO 3A Investigators. Eur J Epidemiol. 1996;12(2):177–85.

	24.	Liao D, Myers R, Hunt S, Shahar E, Paton C, Burke G, et al. Familial history of stroke and 
stroke risk. The Family Heart Study. Stroke. 1997;28(10):1908–12.

	25.	Starr J, Rush M, De Mey R, Dennis M. Parental causes of death in stroke. Cerebrovasc Dis. 
2001;11(1):65–70.

	26.	Polychronopoulos P, Gioldasis G, Ellul J, Metallinos IC, Lekka NP, Paschalis C, et al. Family 
history of stroke in stroke types and subtypes. J Neurol Sci. 2002;195(2):117–22.

	27.	Jerrard-Dunne P, Cloud G, Hassan A, Markus HS. Evaluating the genetic component of isch-
emic stroke subtypes: a family history study. Stroke. 2003;34(6):1364–9.

	28.	Welin L, Svardsudd K, Wilhelmsen L, Larsson B, Tibblin G. Analysis of risk factors for stroke 
in a cohort of men born in 1913. N Engl J Med. 1987;317(9):521–6.

	29.	Wannamethee SG, Shaper AG, Ebrahim S. History of parental death from stroke or heart trou-
ble and the risk of stroke in middle-aged men. Stroke. 1996;27(9):1492–8.

	30.	Jousilahti P, Rastenyte D, Tuomilehto J, Sarti C, Vartiainen E. Parental history of cardiovascu-
lar disease and risk of stroke. A prospective follow-up of 14371 middle-aged men and women 
in Finland. Stroke. 1997;28(7):1361–6.

	31.	Morrison AC, Fornage M, Liao D, Boerwinkle E. Parental history of stroke predicts subclinical 
but not clinical stroke: the Atherosclerosis Risk in Communities Study. Stroke. 
2000;31(9):2098–102.

	32.	Heyden S, Heyman A, Camplong L. Mortality patterns among parents of patients with athero-
sclerotic cerebrovascular disease. J Chronic Dis. 1969;22(2):105–10.

	33.	Chung JW, Kim BJ, Han MK, Kang K, Park JM, Park SS, et al. Family history and risk of 
recurrent stroke. Stroke. 2016;47(8):1990–6.

	34.	Weijmans M, van der Graaf Y, de Borst GJ, Nathoe HM, Algra A, Visseren FL, et al. Parental 
history and the risk of subsequent vascular events in patients with clinically manifest vascular 
disease: the effects of sex of the parent and vascular disease location. Atherosclerosis. 
2014;234(1):129–35.

	35.	Flossmann E, Rothwell PM. Family history of stroke does not predict risk of stroke after tran-
sient ischemic attack. Stroke. 2006;37(2):544–6.

	36.	Sundquist K, Li X, Hemminki K. Familial risk of ischemic and hemorrhagic stroke: a large-
scale study of the Swedish population. Stroke. 2006;37(7):1668–73.

	37.	Choi JC, Lee JS, Kang SY, Kang JH, Bae JM. Family history and risk for ischemic stroke: 
sibling history is more strongly correlated with the disease than parental history. J Neurol Sci. 
2009;284(1-2):29–32.

	38.	Meschia JF, Case LD, Worrall BB, Brown Jr RD, Brott TG, Frankel M, et al. Family history of 
stroke and severity of neurologic deficit after stroke. Neurology. 2006;67(8):1396–402.

	39.	Kasiman K, Lundholm C, Sandin S, Malki N, Sparen P, Ingelsson E. Familial effects on isch-
emic stroke: the role of sibling kinship, sex, and age of onset. Circ Cardiovasc Genet. 
2012;5(2):226–33.

	40.	Diaz JF, Hachinski VC, Pederson LL, Donald A.  Aggregation of multiple risk factors for 
stroke in siblings of patients with brain infarction and transient ischemic attacks. Stroke. 
1986;17(6):1239–42.

	41.	Knuiman MW, Divitini ML, Welborn TA, Bartholomew HC. Familial correlations, cohabita-
tion effects, and heritability for cardiovascular risk factors. Ann Epidemiol. 
1996;6(3):188–94.

H.J. Aparicio and S. Seshadri



19

	42.	Meschia JF, Nalls M, Matarin M, Brott TG, Brown Jr RD, Hardy J, et al. Siblings with ischemic 
stroke study: results of a genome-wide scan for stroke loci. Stroke. 2011;42(10):2726–32.

	43.	Wiklund PG, Brown WM, Brott TG, Stegmayr B, Brown Jr RD, Nilsson-Ardnor S, et al. Lack 
of aggregation of ischemic stroke subtypes within affected sibling pairs. Neurology. 
2007;68(6):427–31.

	44.	Terni E, Giannini N, Brondi M, Montano V, Bonuccelli U, Mancuso M. Genetics of ischaemic 
stroke in young adults. BBA Clin. 2015;3:96–106.

	45.	Jood K, Ladenvall C, Rosengren A, Blomstrand C, Jern C. Family history in ischemic stroke 
before 70 years of age: the Sahlgrenska Academy Study on Ischemic Stroke. Stroke. 
2005;36(7):1383–7.

	46.	Knottnerus IL, Gielen M, Lodder J, Rouhl RP, Staals J, Vlietinck R, et al. Family history of 
stroke is an independent risk factor for lacunar stroke subtype with asymptomatic lacunar 
infarcts at younger ages. Stroke. 2011;42(5):1196–200.

	47.	Kim H, Friedlander Y, Longstreth Jr WT, Edwards KL, Schwartz SM, Siscovick DS. Family 
history as a risk factor for stroke in young women. Am J Prev Med. 2004;27(5):391–6.

	48.	Schulz UG, Flossmann E, Rothwell PM. Heritability of ischemic stroke in relation to age, 
vascular risk factors, and subtypes of incident stroke in population-based studies. Stroke. 
2004;35(4):819–24.

	49.	MacClellan LR, Mitchell BD, Cole JW, Wozniak MA, Stern BJ, Giles WH, et al. Familial 
aggregation of ischemic stroke in young women: the Stroke Prevention in Young Women 
Study. Genet Epidemiol. 2006;30(7):602–8.

	50.	Touze E, Rothwell PM.  Heritability of ischaemic stroke in women compared with men: a 
genetic epidemiological study. Lancet Neurol. 2007;6(2):125–33.

	51.	Thijs V, Grittner U, Dichgans M, Enzinger C, Fazekas F, Giese AK, et al. Family history in 
young patients with stroke. Stroke. 2015;46(7):1975–8.

	52.	Khaw KT, Barrett-Connor E. Family history of stroke as an independent predictor of ischemic 
heart disease in men and stroke in women. Am J Epidemiol. 1986;123(1):59–66.

	53.	Touze E, Rothwell PM. Sex differences in heritability of ischemic stroke: a systematic review 
and meta-analysis. Stroke. 2008;39(1):16–23.

	54.	Hassan A, Markus HS. Genetics and ischaemic stroke. Brain. 2000;123(Pt 9):1784–812.
	55.	Khaleghi M, Isseh IN, Jouni H, Sohn S, Bailey KR, Kullo IJ. Family history as a risk factor for 

carotid artery stenosis. Stroke. 2014;45(8):2252–6.
	56.	Weinstein G, Beiser AS, Au R, Decarli C, Wolf PA, Seshadri S. Association of parental stroke 

with brain injury and cognitive measures in offspring: the Framingham Heart Study. Stroke. 
2013;44(3):812–5.

	57.	Romero JR, Preis SR, Beiser A, DeCarli C, Viswanathan A, Martinez-Ramirez S, et al. Risk 
factors, stroke prevention treatments, and prevalence of cerebral microbleeds in the 
Framingham Heart Study. Stroke. 2014;45(5):1492–4.

	58.	Hilal S, Sikking E, Shaik MA, Chan QL, van Veluw SJ, Vrooman H, et al. Cortical cerebral 
microinfarcts on 3T MRI: a novel marker of cerebrovascular disease. Neurology. 
2016;87(15):1583–90.

	59.	Doubal FN, MacLullich AM, Ferguson KJ, Dennis MS, Wardlaw JM. Enlarged perivascular 
spaces on MRI are a feature of cerebral small vessel disease. Stroke. 2010;41(3):450–4.

	60.	Traylor M, Farrall M, Holliday EG, Sudlow C, Hopewell JC, Cheng YC, et al. Genetic risk 
factors for ischaemic stroke and its subtypes (the METASTROKE collaboration): a meta-
analysis of genome-wide association studies. Lancet Neurol. 2012;11(11):951–62.

	61.	Caicoya M, Corrales C, Rodriguez T. Family history and stroke: a community case-control 
study in Asturias, Spain. J Epidemiol Biostat. 1999;4(4):313–20.

	62.	Knottnerus IL, Gielen M, Lodder J, Rouhl RP, Staals J, Vlietinck R, et al. Estimating the mag-
nitude of genetic factors by calculating the genetic relative risk of stroke in first-ever lacunar 
stroke patients. PLoS One. 2011;6(6):e21439.

	63.	Woo D, Sauerbeck LR, Kissela BM, Khoury JC, Szaflarski JP, Gebel J, et  al. Genetic and 
environmental risk factors for intracerebral hemorrhage: preliminary results of a population-
based study. Stroke. 2002;33(5):1190–5.

2  Familial Occurrence and Heritability of Stroke



20

	64.	Woo D, Sekar P, Chakraborty R, Haverbusch MA, Flaherty ML, Kissela BM, et al. Genetic 
epidemiology of intracerebral hemorrhage. J Stroke Cerebrovasc Dis. 2005;14(6):239–43.

	65.	Kissela BM, Sauerbeck L, Woo D, Khoury J, Carrozzella J, Pancioli A, et al. Subarachnoid 
hemorrhage: a preventable disease with a heritable component. Stroke. 2002;33(5):1321–6.

	66.	Broderick JP, Viscoli CM, Brott T, Kernan WN, Brass LM, Feldmann E, et al. Major risk fac-
tors for aneurysmal subarachnoid hemorrhage in the young are modifiable. Stroke. 
2003;34(6):1375–81.

	67.	Vlak MH, Rinkel GJ, Greebe P, Greving JP, Algra A. Lifetime risks for aneurysmal subarach-
noid haemorrhage: multivariable risk stratification. J  Neurol Neurosurg Psychiatry. 
2013;84(6):619–23.

	68.	Graffagnino C, Gasecki AP, Doig GS, Hachinski VC. The importance of family history in 
cerebrovascular disease. Stroke. 1994;25(8):1599–604.

	69.	Murabito JM, Nam BH, D’Agostino Sr RB, Lloyd-Jones DM, O’Donnell CJ, Wilson 
PW. Accuracy of offspring reports of parental cardiovascular disease history: the Framingham 
Offspring Study. Ann Intern Med. 2004;140(6):434–40.

	70.	Bromberg JE, Rinkel GJ, Algra A, Greebe P, Beldman T, van Gijn J. Validation of family his-
tory in subarachnoid hemorrhage. Stroke. 1996;27(4):630–2.

	71.	Meschia JF, Atkinson EJ, O’Brien PC, Brott TG, Brown Jr RD, Hardy J. Familial clustering of 
stroke according to proband age at onset of presenting ischemic stroke. Stroke. 
2003;34(7):e89–91.

	72.	Oygarden H, Fromm A, Sand KM, Eide GE, Thomassen L, Naess H, et al. Can the cardiovas-
cular family history reported by our patients be trusted? The Norwegian Stroke in the Young 
Study. Eur J Neurol. 2016;23(1):154–9.

	73.	Corwin LE, Wolf PA, Kannel WB, McNamara PM. Accuracy of death certification of stroke: 
the Framingham Study. Stroke. 1982;13(6):818–21.

	74.	Kulshreshtha A, Vaccarino V, Goyal A, McClellan W, Nahab F, Howard VJ, et al. Family his-
tory of stroke and cardiovascular health in a national cohort. J  Stroke Cerebrovasc Dis. 
2015;24(2):447–54.

H.J. Aparicio and S. Seshadri



http://www.springer.com/978-3-319-56208-7


	Chapter 2: Familial Occurrence and Heritability of Stroke
	 Introduction
	 Establishing the Heritability of Stroke
	 Twin Studies to Investigate the Genetic Epidemiology of Stroke
	 Parental Stroke and Risk of Stroke in Offspring
	 Risk of Stroke Between Siblings
	 Age at Onset with Familial Aggregation of Stroke
	 Family History and Sex Differences
	 Familial Aggregation by Stroke Phenotype
	 Challenges in Family History Studies of Stroke
	 Research Application in Genetic Studies
	 Clinical Application
	References


