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Objective To investigate the association of family history of stroke with functional outcomes in stroke patients in
Korea.

Methods A case-control study was conducted. A total of 170 patients who were admitted to a rehabilitation unit
were included. Risk factors for stroke such as age, sex, diabetes mellitus, hypertension, atrial fibrillation, smoking,
high blood cholesterol and homocysteine level, obesity, and family history of stroke were taken into account.
Stroke subtypes were the following: large vessel infarct, small vessel infarct, embolic infarct, subarachnoid
hemorrhage, and intracranial hemorrhage. Stroke severity as assessed with the National Institutes of Health Stroke
Scale (NIHSS), functional outcomes using the Korean version of the Modified Barthel index (K-MBI), Functional
Independence Measurement (FIM), and cognitive function using the Korean version of Mini-Mental State
Examination (K-MMSE) were assessed at admission and discharge.

Results Subjects with a family history of stroke were more likely to have an ischemic stroke (90.7%) than were
those without a family history (70.9%). The K-MBI, FIM, NIHSS, and K-MMSE scores did not show significant
differences between patients with or without family history.

Conclusion Family history of stroke was significantly associated with ischemic stroke, but not with functional
outcomes. Other prognostic factors of stroke were not distributed differently between patients included in this

study with or without a family history of stroke.
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INTRODUCTION

Stroke is one of the major causes of impairment and
mortality in developed countries. Rates of stroke survival
with disability are variable worldwide, but several studies
have reported predictors of post-stroke functioning to be
patient age, stroke subtype, severity, location and size of
stroke, and family history of stroke. Family history is a vi-
tal piece of medical information because family members
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partially share genes, environment, and lifestyles, which
play significant roles in the development of stroke [1,2].
Also, knowledge of family history is an excellent starting
point in investigating genetic factors in stroke, their ef-
fects on stroke risk, and prognoses.

Previous studies on family history usually focused on its
role as a risk factor rather than as a prognostic factor [2-6].
There has been no consensus as to whether family his-
tory is a prognostic factor [2-6]. This is partially because
other risk factors for stroke, such as diabetes mellitus,
hypertension, and hyperhomocysteinemia, also have
familial connections, so the effects of each are difficult to
tease apart.

As family history is closely related to genetics, individu-
als of different ethnicities may have different risk factors
and prognoses. In fact, slight discrepancies have been
previously identified between races [4,6-9].

One study reported that a family history of stroke was
related to ischemic stroke subtype and to poor functional
status, as assessed using the modified Rankin Scale, at
discharge [7], while no significant relationship to out-
come was reported in another study [9].

To our knowledge, studies on the association of family
history of stroke and functional outcomes in Asian popu-
lations are scarce. One article from China reports only an
indirect association between family history and meta-
bolic syndrome, and discusses the effects of metabolic
syndrome on stroke [10].

The aim of this study was to obtain preliminary data
on the relation of family history of stroke with functional
outcomes and stroke severity in stroke patients in Korea.

MATERIALS AND METHODS

Study subjects

A retrospective case-control study was performed.
Electronic medical records of stroke patients who were
admitted to the rehabilitation unit of Dankook Univer-
sitiy Hospital from May 2008 to June 2013 were screened.
Microsoft SQL Server 2014 Express (Microsoft, Redmond,
WA, USA) was used to extract data from the hospital’s
electronic medical record database.

A total of 184 patients were diagnosed with stroke dur-
ing the period in question, but 14 were excluded because
rehabilitative treatments were discontinued due to other
medical conditions. Thus, data from 170 patients was an-

alyzed. Participants were divided into two groups: those
with a family history of stroke, and those with no family
history of stroke-FHx(+) vs. FHx(-), respectively.

Baseline characteristics

Demographic characteristics such as age and gender
were recorded. Patients or their family members were
asked whether any first-degree relative had experienced
a stroke. A first-degree relative is a family member who
shares a significant amount of genetic material with a
particular individual. First-degree relatives include par-
ents, offspring, and siblings [11].

Risk factors for stroke including hypertension, diabetes
mellitus, atrial fibrillation, and hypercholesterolemia
were also recorded at the time of admission. Hyperten-
sion was identified based on a previous diagnosis or
current treatment with antihypertensive drugs. Atrial
fibrillation was evaluated with electrocardiography upon
admission. Hypercholesterolemia was diagnosed when
serum cholesterol levels exceeded 250 mg/dL, and hy-
perhomocysteinemia when serum levels were greater
than 15.39 pumol/L. A poorly controlled glucose level
was defined as serum hemoglobin Alc (HbAlc) >6.5%.
Body mass index was calculated using measurements of
body weight and height taken at the time of admission.
A patient was marked positive for smoking if he/she had
been smoking for more than 5 years. The total length of
stay in rehabilitation (in days) was recorded as a measure
of treatment intensity. Stroke types were classified into 5
categories using the Harvard Cooperative Stroke Registry:
large vessel infarct, small vessel infarct, embolic infarct,
subarachnoid hemorrhage (SAH), and intracranial hem-
orrhage (ICH) [12].

Outcome measures

Stroke severity was measured using the National Insti-
tutes of Health Stroke Scale (NIHSS) score at admission
and discharge [13].

Functional outcomes were assessed at admission and
discharge using the Korean version of the Modified Bar-
thel Index (K-MBI) and the Functional Independence
Measure (FIM) [14,15]. Cognitive functions were evalu-
ated using the Korean version of Mini-Mental State Ex-
amination (K-MMSE) at admission and discharge [16].
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Table 1. Baseline characteristics of study subjects

Family history p-value
(+) )
Age (yr) 64.1+11.7 62.6+13.4 0.844
Gender (male:female) 23:20 59:68 0.425
Hypertension 32/43 (74.4) 85/127 (67.0) 0.359
Diabetes mellitus 19/43 (44.2) 36/127 (28.3) 0.055
Atrial fibrillation 1/43(2.3) 6/127 (4.7) 0.494
Hypercholesterolemia 6/42 (14.3) 6/127 (4.7) 0.036
Smoking 9/43 (20.9) 45/127 (35.4) 0.077
Hyperhomocysteinemia 9/37 (24.3) 13/80 (16.3) 0.299
HbAlc (>6.5%) 18/39 (46.2) 28/89 (31.5) 0.111
Body mass index (>25 kg/m?) 15/43 (34.9) 35/127 (27.6) 0.362
Length of stay (day) 45.7+24.9 41.1£27.7 0.101

Values are presented as meantstandard deviation or number (%).

Table 2. Distribution of stroke subtype according to fam-
ily history

Table 3. Distribution of stroke subtype (ischemic vs.
hemorrhagic) according to family history

Family history
(+) @)

Stroke subtype

Family history

(+) )

p-value

Ischemic stroke

20/43 (46.5) 41/127 (32.3)
6/43 (14.0) 30/127 (23.6)

13/43 (30.2) 19/127 (15.0)

Small vessel infarct

Large vessel infarct

Embolic infarct
Hemorrhagic stroke
4/43(9.3) 27/127(21.3)
10/127 (7.9)

Intracranial hemorrhage
Subarachnoid hemorrhage 0/43 (0)

Values are presented as number (%).

Statistical analysis

All statistical analyses were performed using STATA/
MP 13.0 for Windows (StataCorp LP, College Station, TX,
USA). Baseline characteristics and outcome measures
between the two groups (with or without family history
of stroke), were compared by a chi-square test using cat-
egorical variables, and by the Mann-Whitney U test using
continuous variables. Changes between status at admis-
sion and discharge were analyzed using the Wilcoxon
signed-rank test and Mann-Whitney U test. Normality
was measured with the Shapiro-Wilk W test. Statistical
significance was set at p-value <0.05. Data are given as
meanztstandard deviation.
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Ischemic stroke 39/43(90.7) 90/127(70.9) 0.009
Hemorrhagic stroke 4/43(9.3) 37/127 (29.1)
Values are presented as number (%).

RESULTS

Baseline characteristics

A total of 170 subjects (82 men and 88 women, aged
63.0+13.0 years) were included in this study. Forty-three
patients (25.3%) reported that at least one first-degree
relative had experienced a stroke (FHx(+) group). The
FHx(+) and FHx(-) groups did not show significant differ-
ences in age, gender, known risk factors for stroke, total
length of stay in rehabilitation; there was a significant dif-
ference in hypercholesterolemia (Table 1) such that there
was a significantly higher incidence of hypercholesterol-
emia in the FHx(+) group (Table 1).

The distributions of stroke subtypes were significantly
different between the groups (p=0.011 by chi-square test).
Stroke subtypes in the FHx(+) group were 46.5% small
vessel infarct, 30.2% embolic infarct, 14.0% large vessel
infarct, and 9.3% intracranial hemorrhage. No individual
in the FHx(+) group had a subarachnoid hemorrhage
(Table 2). Stroke subtypes in the FHx(-) group were 32.3%
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Table 4. Outcome measures in patients with or without a

family history of stroke
Family history p-value”
(+) )
NIHSS
Admission 5.7+4.4 5.6+4.4 0.881
Discharge 3.6+3.5 3.5+2.6 0.872
p-value” <0.001 <0.001
Gain 2.142.6 2.142.6 0.857
K-MBI
Admission 50.1+26.1 48.0+25.7 0.628
Discharge 69.6+26.8  70.0+25.2 0.922
p-value” 0.001 0.001
Gain 19.5¢12.7 22.1+17.5 0.675
FIM
Admission 73.0+25.0  69.9+25.1 0.489
Discharge 89.9+28.2  89.0+25.2 0.847
p-value” <0.001 <0.001
Gain 16.9+11.1 19.1%16.0 0.658
K-MMSE
Admission 21.9+48.1  20.1+7.8 0.210
Discharge 23.848.1  23.1%#6.3 0.602
p-value” <0.001 <0.001
Gain 1.9+2.1 3.0+4.2 0.144

Values are presented as meantstandard deviation.
NIHSS, National Institutes of Health Stroke Scale; K-
MBI, Korean version of Modified Barthel Index; FIM,
Functional Independence Measure; K-MMSE, Korean
version of Mini-Mental State Examination.

“p-value, between groups.

®’p-value, between time.

small vessel infarct, 23.6% large vessel infarct, 21.3% in-
tracranial hemorrhage, 15.0% multiple embolic infarct,
and 7.9% subarachnoid hemorrhage (Table 2). When
classified into ischemic vs. hemorrhagic stroke, ischemic
stroke was more common in the FHx(+) group than in the
FHx(-) group (90.7% vs. 70.9%, respectively; p=0.009 by
chi-square test) (Table 3).

Outcome measures

The K-MBI, FIM, K-MMSE, and NIHSS scores were not
significantly different between the two groups at admis-
sion or discharge. There were significant changes in all
outcome variables between admission and discharge,
representing functional improvements and neurologic

recovery (Table 4). Family history of stroke, FHx(+) or
FHx(-), did not have a significant effect on the gains in
the NIHSS, K-MBI, FIM, and K-MMSE scores (Table 4).

Even when stroke outcome was divided into favorable
(K-MBI >90) or unfavorable (K-MBI <90), a family history
of stroke had no significant effect on outcomes (favorable
vs. poor outcomes, 31:12 in the FHx(+) group and 87:40
in the FHx(-) group; p=0.659 by a chi-square test).

Because no subject in the FHx(+) had a SAH, it was
impossible to evaluate the relationship between family
history and functional outcome in SAH. Considering all
other stroke subtypes, recovery, as assessed by the NI-
HSS, K-MBI, FIM, and K-MMSE, was not significantly dif-
ferent between patients with and without a family history
of stroke (data not presented).

DISCUSSION

Our results are consistent with previous reports that
showed no significant association of family history with
stroke outcome [9]. This study contributes to the ongoing
controversy concerning whether or not a family history
of stroke can be considered a prognostic factor [7,9]; a
family history of stroke has already been well established
as a risk factor of stroke occurrence [2-6]. We found that
stroke subtypes differed depending on family history,
as ischemic strokes were more common in individuals
in the FHx(+) group. This result is also consistent with
previous findings [2,7]. A previous study showed that a
family history of stroke was associated with small vessel
infarcts or large vessel infarcts. However, a family history
of stroke was more closely associated with small vessel
infarcts and embolic infarcts in our study. Although hy-
pertension is attributable to environmental factors such
as smoking, diet and exercise, etc., genetics also strongly
influence the prevalence of hypertension [17]. This may
explain why small vessel infarcts were more common in
patients with a family history of stroke. A family history
of atrial fibrillation has been shown to increase the risk of
atrial fibrillation [18]. Genome-wide association studies
have found 27 genetic variants that are associated with
an increased risk of myocardial infarction [19]. Increased
risks of atrial fibrillation and myocardial infarction to-
gether may affect the incidence of embolic infarcts.

In a previous study, a history of stroke in a first-degree
relative was associated with poor functional outcomes
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(modified Rankin Scale score >2 at discharge) [7]. In con-
trast, functional outcomes, as evaluated using primar-
ily the K-MBI and the FIM in our study, did not differ in
patients with and without a family history. To eliminate
measurement effects of outcome variables (e.g., dichoto-
mous vs. continuous variables), the K-MBI scores were
divided into favorable or poor functional outcomes. Still,
no differences were found between the FHx(+) and FHx(-)
groups.

The above inconsistencies could be caused by differ-
ences in demographics or baseline characteristics. Ge-
netic, national, social, and environmental factors could
all exert effects on functional outcomes in stroke patients.
Ethnic and genetic traits specific to Koreans could con-
tribute to the discrepancy between the previous results
[7] and those presented here. There have been reports of
ethnicity affecting stroke risk and type [8,20], so it is rea-
sonable to think that the usefulness of family history as a
prognostic factor may differ between the Korean popula-
tion and other ethnic populations.

Some limitations of this study need to be discussed. The
sample size was small, and was limited to one university
hospital. However, distributions of gender, stroke sub-
types, and ratio of positive family history of stroke were
quite similar to those used in previous studies [2,21,22].
This suggests that the characteristics of our sample did
not deviate greatly from those of the population of stroke
patients as a whole. Another limitation was the absence
of long-term follow-ups. Nevertheless, the length of stay
of 42.3+27.0 days does cover the critical period for stroke
rehabilitation [23].

The sample size that would have been able to detect
significant differences between favorable outcomes (fa-
vorable outcome 27.9% in FHx(+) group and 31.5% in
FHx(-) group), with a test power of 80%, significance level
of 0.05, and effect size of 0.5, was calculated to be 5,056
subjects. It would be impossible to obtain a sample size
of this magnitude in one hospital or by a few individual
researchers. Initiating a multi-center trial or enlarging
the stroke rehabilitation registry would be necessary to
conduct research with sufficient statistical power.

Evaluating prognostic factors very soon after admission
to the rehabilitation unit could be vital in the effort to
predict outcomes, manage rehabilitation programs pre-
cisely, and inform patients and family members. A large-
cohort study using the data from a few stroke registries,
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such as the Brain Rehabilitation Registry or the Korea
Stroke Registry, would be needed to fully elucidate the
relationship between family history of stroke and func-
tional outcome of stroke in Korea. Data from our study
can be used to suggest the necessary sample size, and to
determine feasible outcome measures.

In conclusion, a family history of stroke was significant-
ly associated with the incidence of ischemic stroke, but
not with functional outcomes in stroke patients. Other
risk factors and prognostic factors were not different be-
tween patients with or without a family history of stroke.
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