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Is family history an independent risk factor for
stroke?
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Abstract
Objective-To estimate the influence of
family history on the occurrence of
stroke.
Methods-A case-control study was car-
ried out from August 1992 to January
1994. The study population comprised 502
patients with a first stroke, aged between
20 and 70 years, who were treated at 48
affiliated hospitals. The same number of
age and sex matched controls were
selected from outpatients. Diagnoses
were based on CT findings and clinical
signs. There were 155 case-control pairs
for subarachnoid haemorrhage, 158 for
intracerebral haematoma, and 159 for
cerebral infarction. Information about
the patients and their families was
obtained from a questionnaire which
included the family histories of each sub-
type of stroke and other potential risk fac-
tors for stroke. The data were analysed
focusing on the role of the family histories
in the occurrence of stroke.
Results-In univariate analysis, the fam-
ily histories of subarachnoid haemor-
rhage and intracerebral haematoma were
positively associated with each of the sub-
types of stroke (odds ratios 11 24 for sub-
arachnoid haemorrhage, 2-39 for
intracerebral haematoma), whereas fam-
ily history of cerebral infarction was not a
significant risk factor for its occurrence
(odds ratio 141). Family history of
intracerebral haematoma was correlated
with a personal history of hypertension
and habitual alcohol consumption. After
adjustment for potential risk factors
(hypertension, diabetes, hyperlipidaemia,
obesity, alcohol consumption, and regular
smoking), family history of subarachnoid
haemorrhage still remained the most
powerful risk factor for subarachnoid
haemorrhage, whereas family history of
intracerebral haematoma no longer
showed a significant association with
haematoma.
Conclusion-Genetic factors play a major
part in the pathogenesis of subarachnoid
haemorrhage, and family history of sub-
arachnoid haemorrhage is the strongest
independent risk factor for the disease.
On the other hand, family history of
intracerebral haematoma was not an
independent risk factor for haematoma,
but it might be a good predictor, which
indirectly influences the pathogenesis of

intracerebral haematoma via certain
hereditary components such as hyperten-
sion, and even lifestyle factors such as
alcohol consumption. In cerebral infarc-
tion, genetic factors play a minor part in
its pathogenesis.

(J Neurol Neurosurg Psychiatry 1997;62:66-70)
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Stroke remains the third most common health
problem among adults in Japan. Systemic
hypertension is the strongest risk factor for
stroke in the general population.'"3 Diabetes,4 6

lipid abnormalities,7 8 ischaemic heart disease
and atrial fibrillation,79 '0 obesity, " smok-
ing,'2 14 and alcohol consumption'1 17 are other
well documented risk factors. The role of
genetic factors in the pathogenesis of stroke
remains controversial. 18 Some authors have
reported the importance of genetic factors in
stroke,'8 22 whereas other studies have failed to
show a genetic contribution.9 1( 23 24 The World
Health Organisation Task Force on Stroke
and Other Cerebrovascular Disorders25 con-
cluded that genetic or familial factors have not
yet been shown to be important risk factors for
stroke. Although the pathogenesis of sub-
arachnoid haemorrhage, intracerebral haemor-
rhage, and cerebral infarction differ from each
other, most of these studies did not classify
stroke into clinical subtypes. This may explain
the controversy.'826
To evaluate the risk factors for each subtype

of stroke, a case-control study was conducted.
This report focuses on the role of family his-
tory in stroke.

Subjects and methods
We selected five university hospitals and 43
major general hospitals situated in large cities
in Japan. This case-control study was based on
502 consecutive patients aged 20 to 70 with
first episode of stroke. They were treated at
the selected 48 neurological or neurosurgical
institutes between 1 August 1992 and 31
January 1994.
A stroke is defined here as rapidly devel-

oped focal or global impairment of cerebral
function, lasting more than 24 hours or lead-
ing to death, with no apparent cause other
than vascular origin. Subtypes of stroke were
confirmed by neurosurgeons or neurologists
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based on both the clinical picture and CT.
Patients with recurrent episodes were
excluded. Those with transient ischaemic
attack without any evidence of cerebral infarc-
tion or with only evidence of old infarction but
not in the clinically appropriate area on CT
were also excluded.

For each case, age (within 5 years) and sex
matched controls from outpatients who visited
the same hospital at the earliest time after the
patient's admission. Patients with a history of
stroke were not selected as controls. Controls
mostly had illnesses that were not serious or
mild head injury.
The final 502 case-control pairs were

analysed. There were 155 pairs for subarach-
noid haemorrhage (SAH; 75 men and 80
women), 158 for intracerebral hemorrhage
(ICH; 101 men and 57 women), and 189 for
cerebral infarction (143 men and 46 women).

Information about the patients and their
families was obtained from questionnaires in a
standardised manner as soon after the event as
possible. If the patients could not answer due
to neurological deficits or other reasons, the
same questionnaire was administered to close
relatives. Information about the controls was
also obtained from the same questionnaire in
the same manner at the time of their first visit
to the institute. The questionnaire included
the following characteristics and experiences
of the patients before their present illness: per-
sonal data (age, sex, and marital status); previ-
ous clinically diagnosed hypertension, diabetes
mellitus, hyperlipidaemia, or any type of heart
disease, and other personal medical history;
and cigarette consumption, alcohol intake,
working environment, and physical activity
during leisure time. It also included the family
histories of each stroke subtype among the first
or second generation relatives (grandparents,
parents, siblings, and children). The family
history of stroke was elicited by the question:
"Has anyone among your first or second
generation relatives been diagnosed as having
had subarachnoid haemorrhage/intracerebral
haematoma/cerebral infarction?" All those
who answered "yes" were classified as having a
positive family history.

STATISTICAL ANALYSIS
All statistical analyses were carried out using
the SPSS statistical package (SPSS 6- 1 for the
Macintosh, SPSS Japan Inc). Missing values
were treated as system missing numbers. A X2
test was used in univariate analysis. The odds
ratios for each subtype of stroke were calcu-

Table 1 Number ofpairs and age distribution

SAH ICH Infarction

Number of pairs:
men/women 75/80 101/57 143/46
Total 155 158 189

Age distribution:
20-49 61 37 25
50-59 48 60 67
60-70 46 61 97

Mean age (SD):
Case 51-6 (10-6) 54-3 (9 6) 58-0 (8 9)
Control 51-6 (10-6) 53-9 (10-2) 57-8 (9 1)

SAH = Subarachnoid haemorrhage; ICH = intracerebral haemorrhage; infarction = cerebral
infarction.

lated. The logistic regression technique was
used for multivariate analysis using six (for
subarachnoid haemorrhage and intracerebral
haematoma) or seven (for cerebral infarction)
variables comprising family history, systemic
hypertension, diabetes mellitus, hyperlipi-
daemia, valvar disease (only for cerebral
infarction), habitual alcohol consumption, and
smoking. All statistical tests were two tailed. P
values < 0 05 were regarded as indicating sig-
nificance.

Results
Table 1 shows the number of case-control
pairs for each subtype of stroke and age distri-
bution. The mean age of the patients with sub-
arachnoid haemorrhage was 51 6 (SD10 6)
years, and those with intracerebral haematoma
and cerebral infarction were 54-1 (SD 9 9)
years, and 57 9 (SD 9-0) years respectively.
Because age and sex were adjusted in this
study, the age and sex distributions of the con-
trols were the same as those of the cases.

Table 2 shows the number of patients and
controls with potential risk factors for stroke.
Family history of subarachnoid haemorrhage
(P = 0 000), hypertension (P = 0 000),
habitual alcohol consumption (P = 0-017),
and smoking habit (P = 0.001) were signifi-
cant risk factors for subarachnoid haemor-
rhage. Family histories of intracerebral
haematoma (P = 0.002), hypertension (P =
0-000), and alcohol (P = 0 000) were also sig-
nificant risk factors for intracerebral
haematoma. Hypertension (P = 0 000), dia-
betes (P = 0-000), valvar disease (P =
0-006), and smoking (P = 0 003) were risk
factors for infarction.

Table 2 shows the odds ratios of the poten-
tial risk factors for stroke including family his-
tory. In univariate analysis, hypertension was a
common powerful risk factor for all subtypes
of stroke. The odds ratios (ORs) for subarach-
noid haemorrhage, intracerebral haematoma,
and cerebral infarction were 2-99 (95% con-
fidence interval (95% CI) 1-77-5-03;
P = 0 000), 6-14 (95% CI 3-75-10-06; P =
0 000), and 3-72 (95% CI 2-41-5-75; P =
0 000) respectively. Diabetes was found to
have a significant association only with cere-
bral infarction (OR 3-26; 95% CI 1-75-6-20;
P = 0 000). No significant relation was found
between hyperlipidaemia and each subtype of
stroke. For histories of heart condition, angina
pectoris presented no significant positive rela-
tion to stroke, whereas valvar disease showed
the strongest association with cerebral infarc-
tion (OR 10-40; 95% CI 1-32-82-10;
P = 0-006). Habitual alcohol consumption
(> 250 g/week) significantly increased the risk
of subarachnoid haemorrhage and intracere-
bral haematoma (OR 1-81, 95% CI
1 11-2 95; P = 0-017 for subarachnoid
haemorrhage, OR 2-17, 95% CI 1-36-3-47,
P = 0-001 for intracerebral haematoma).
Regular smokers (> 1 pack/day) had a notably
higher risk of subarachnoid haemorrhage and
cerebral infarction (OR 2- 15, 95% CI
1-35-3-43, P = 0-001 for subarachnoid
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Table 2 Number ofpatients and controls with risk factors and odds ratios

SAH ICH Infarction

Family history:
% 24 5/2-6 38-6/20 9 27-0/20-6
OR (95% CI) 11-24 (3 31-38.22)** 2-39 (1.38-4.12)* 1 41 (0-83-2-39)

Hypertension:
% 40-6/18-7 69 0/26-6 59 3/28 0
OR (95% CI) 2-99 (1-77-5-03)** 6-14 (3-75-10-06)** 3-72 (2 41-5-75)**

Diabetes:
% 119/3 2 11-4/8 2 22 8/8 5
OR (95% CI) 0-60 (0 14-2 54) 1-37 (0 64-2-92) 3-26 (1-75-6.20)**

Hyperlipidaemia:
% 339/5-2 8 2/3 8 8-5/11-6
OR (95% CI) 0 75 (0 25-2 20) 2-18 (0 80-5 96) 0-69 (0 34-1 38)

Valvar disease:
% 0/0 1 9/0-6 5 3/0 5
OR (95% CI) - 3-12 (0-31-29-35) 10-40 (1-37-82-10)**

Alcohol:
% 38 7/25 8 48-1/30-4 40 2/32 3
OR (95% CI) 1-81 (1-11-2-95)* 2-17 (1-36-3-47)** 1-40 (0-91-2-15)

Smoking:
% 51-6/32-9 38 6/20 9 51 3/36-0
OR (95% CI) 2-15 (1-35-3-43)** 0-91 (0-57-1-44) 1-86 (1-23-2-84)**

For abbreviations see table 1.
% = Per cent of patients/controls with risk factor for stroke.
*P < 0 05; **P < 0 01 by X2 analysis.

haemorrhage, OR 1-86 95% CI 1-23-2-84,
P = 0 003 for cerebral infarction).
The role of family histories for each stroke

subtype was also evaluated. Only four (2.6%)
of 155 controls for subarachnoid haemorrhage
had a family history of the disease compared
with 37 (24.5%) among the same number of
patients with subarachnoid haemorrhage. In
univariate analysis (table 2), the risk of sub-
arachnoid haemorrhage was significantly
higher in those who had a family history of the
disease (OR 11-24; 95% CI 3-31-38-22, P =
0.000). Family history of intracerebral
haematoma had a significant association with
its occurrence (OR 2-39; 95% CI 1-38-4-12,
P = 0 003), whereas family history of cerebral
infarction was not positively associated with
occurrence of infarction (OR 1-41; 95% CI
0-83-2-39, P = 0- 162).

After adjustment for these potential risk fac-
tors (table 3), family history of subarachnoid
haemorrhage remained a significant risk factor
for subarachnoid haemorrhage (OR 15-88;
95% CI 1-77-142-11, P = 0-011), whereas
family history of intracerebral haematoma
showed no significant association with its
occurrence (OR 1 12; 95% CI 0-43-2-90,
P = 0 819).

Discussion
The study shows that genetic factors play a
major part in the pathogenesis of subarach-
noid haemorrhage, and family history of sub-
arachnoid haemorrhage is its strongest
independent risk factor. On the other hand,

Table 3 Odds ratios for risk factors for stroke: multivariate analysis
SAH ICH Infarction

OR (95% CI) OR (95% CI) OR (95% CI)

Family history 15-88 (1-77-142-11)* 1-12 (0 43-2 90) 0-82 (0-39-1-74)
Hypertension 3 09 (1-23-7-77)* 7-76 (3-37-17 85)** 3 70 (1-86-7-35)*
Diabetes 0-89 (0-19-9-36) 0-71(0-17-2-88) 4-15 (1-47-11-74)**
Hyperlipidaemia 0 34 (0 05-2-48) 1-78 (0 38-8 34) 0-42 (0-16-1-07)
Alcohol 2-04 (0 86-4 86) 2-63 (1-14-6-02)* 0 77 (0-38-1-54)
Smoking 2-20 (0-95-5-14) 0-86 (0-37-1-98) 1-72 (0-39-1-74)
For abbreviations see table 1.
*P < 0 05; **P < 0-01 by logistic regression.

family history of intracerebral haematoma was
not an independent risk factor.
One merit of the study is that the patients

were diagnosed by neurologists or neurosur-
geons based on CT findings as well as clinical
condition. Some biases may exist27 because
about half of our patients with stroke could
not answer the questions due to their neuro-
logical deficits, and therefore one of their fam-
ily members filled out the questionnaire.
However, preliminary analysis between the
data from the patients and those from family
members showed no significant differences
among the potential risk factors including fam-
ily history.

Another potential source of bias is the relia-
bility of incidence of positive family history.
Some recall biases may exist, because we
obtained the information on family history
from the questionnaire. We classified all those
who answered "yes" to the question: "Has
anyone among your first or second generation
relatives been diagnosed as subarachnoid
haemorrhage/intracerebral haematoma/cere-
bral infarction?" as having a positive family
history of each type of stroke. Patients and
their family members had good recall about
the health of their parents and siblings but not
about their grandparents. In the pre-CT era,
physicians made a diagnosis of stroke essen-
tially based on clinical findings and it is
reported that up to 24% of patients with
intracerebral haematoma were diagnosed as
having a cerebral infarction.3 The patients with
intracerebral haematoma with ventricular per-
foration might have been diagnosed as sub-
arachnoid haemorrhage due to blood in a
spinal tap, which may explain the significant
correlation of family history of subarachnoid
haemorrhage with intracerebral haematoma as
occurred in this study.

If genetic factors influence the aetiology of
stroke, epidemiological studies might be
expected to show a family history of stroke as
an independent risk factor.26 Brass et al'9
showed in a twin study on the aetiology of
stroke that concordance rates for stroke were
higher for monozygotic pairs (17-7%) than for
dizygotic pairs (3 6%), suggesting that there is
a genetic contribution to prevalence of stroke.
Although numerous studies have reported on
this issue, most authors have failed to show
family history as an independent risk factor for
stroke.9 10 23 24 The Royal College of Physicians
does not list family history among the risk fac-
tors for stroke.28

In the present study, univariate analysis
showed that both family history of subarach-
noid haemorrhage and family history of intrac-
erebral haematoma significantly raised the risk
of each subtype of stroke, whereas no signifi-
cant correlation was found between family his-
tory of cerebral infarction and occurrence of
infarction. In multivariate analysis, after
adjusting for other significant factors such as
hypertension, diabetes, valvar disease, alcohol
consumption, and smoking, family history of
subarachnoid haemorrhage remained an inde-
pendent risk factor for haemorrhage, whereas
family history of intracerebral haematoma was
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no longer an independent risk factor for
haematoma. Family history of intracerebral
haematoma correlated significantly with
hypertension and alcohol consumption.

There have been numerous reports that
suggest a genetic component in the occurrence
of cerebral aneurysms. It is well known that
cerebral aneurysms more commonly occur in
identical twins29 and family members of
patients with subarachnoid haemorrhage.2' 30-32
Norrgard2 reported that at least 6-7% of the
patients with aneurysms had blood relatives
with the same disease. Although the exact per-
centage of patients with aneurysm that are
familial is unclear, Toglia and Samii33 sug-
gested that less than 2% of aneurysms occur in
families.
Some differences in clinical features of rup-

tured aneurysms between familial and spo-
radic cases have been reported.2' For example,
the mean age of familial patients is younger
than that of sporadic patients. Aneurysms are
often located at identical or mirror sites in
family cases.

It has also been reported that cerebral
aneurysms are associated with several other
inherited disorders such as polycystic kidney,
Ehlers-Danlos syndrome, and Marfan's syn-
drome.203134 An autosomal dominant mode of
inheritance has been suggested.2022 Several
candidate genes for familial and sporadic
intracranial aneurysms are currently being
studied. It is postulated that patients with
familial aneurysms might be carriers of a disor-
der of collagen metabolism.2' A specific defi-
ciency of the arterial wall may be inherited in
these familial cases.22
We showed that the relatives of patients

with subarachnoid haemorrhage had more
than a 10-fold increased risk of subarachnoid
haemorrhage compared with the controls. An
angiographical investigation of asymptomatic
relatives might be useful to reduce subarach-
noid haemorrhage from ruptured aneurysms.30
Conventional angiography is still a gold stan-
dard to investigate cerebrovascular disease,
but its invasiveness prevents its use in mass
screening. Using magnetic resonance angiog-
raphy, we have detected 47 unruptured
aneurysms, which ranged from 2 mm to 27
mm in diameter, and have successfully treated
them. We recommend this less invasive
method for the screening of unruptured
aneurysms.

Although several authors have reported
familial occurrence of intracerebral
haematoma,"4 there are few reports concerning
its family history. A recent study shows the
importance of genetic factors as well as envi-
ronmental factors in determining blood pres-
sure, lipid concentrations, and body mass
index. It has been suggested that hypertension
is partly genetically determined and suscepti-
bility to hypertension could mediate the possi-
ble familial factor increasing risk of stroke."5
Hyperlipidaemia36 and diabetes4 are also
known to show familial patterns of inheri-
tance.

In the 1950s the mortality from intracere-
bral haematoma for the Japanese was reported

to be the highest among developed countries.
Its incidence has sharply decreased'7 mainly
because of nutritional improvements and
widely accepted antihypertensive treatment.2
The Honolulu heart study showed that the
distribution of stroke types in those who
migrated from Japan to Hawaii was similar to
that of white people rather than native
Japanese.'8 These two studies showed that
environmental factors were of primary impor-
tance in determining the occurrence of stroke.

Both genetic and environmental risk factors
may have influence on the families of patients
with intracerebral haematoma.'9 Our study
showed that family history of intracerebral
haematoma is not an independent risk factor,
but it seems to be a strong indicator for an
increased risk of the disease. The study also
suggested that family history of intracerebral
haematoma influences its occurrence via both
genetic (hypertension) and familial environ-
mental components (hypertension and regular
alcohol consumption) indirectly.

Cerebral infarction has also been seen to
cluster in families, but few studies have quanti-
fied familial risks.40 Several haematological dis-
orders such as antithrombin deficiencies,
protein C and protein S, polycythaemia vera,
sickle cell anaemia, and essential thrombo-
cythaemia are known risk factors for ischaemic
stroke.40 In the general population, these
hereditary diseases play relatively minor parts
in the pathogenesis of cerebral infarction,
explaining about 1% of ischaemic stroke.4'
Most hereditary disorders cause venous
thrombosis rather than arterial thrombosis,
and tend to be more frequent in younger gen-
erations.42 Animal studies suggested that
genetic factors could play a part in the suscep-
tibility to cerebral infarction during cerebral
ischaemia.4'

Because a family history of cerebral infarc-
tion was not an independent risk factor of
ischaemic stroke in this study, the genetic factor
seems to play a minor part in the pathogenesis
of cerebral infarction. Further analyses in the
subgroup of cerebral infarction, including
cerebral thrombosis, cerebral embolism, and
lacuna stroke, were attempted, but consistent
results were not obtained due to the relatively
small numbers.

This study was carried out as a part of a case-control study on
risk factors of cerebrovascular disease supported by a grant
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in the study, principally the Department of Neurosurgery,
Chiba University School of Medicine, Kyoto University School
of Medicine, Bibai Rousai Hospital, Chiba Rousai Hospital,
the Department of Hygiene and Occupational Health, Nagoya
City University Medical School, the Second Department of
Internal Medicine, Kyushu University School of Medical
Technology, the Department of Hygiene and Public Health,
Kagawa Medical College, the Department of Rehabilitation,
National Circulatory Disease Center, and the Department of
Mass Screening, Osaka Adult Disease Center. We acknowledge
and thank the 73 doctors who participated in the study.
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