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a b s t r a c t

Background and aims: We aimed to investigate secular trends in the incidence, risk factors, and prognosis
of transient ischemic attack (TIA) in a general Japanese population.
Methods: Two cohorts consisting of stroke-free Japanese individuals aged �40 years in 1961 (n¼ 1621)
and 1988 (n¼ 2646) were followed up for 24 years. The associations of potential risk factors with the
development of TIA were estimated by a Cox proportional hazards model. The influence of TIA on the risk
of total stroke over the subsequent 10 years was compared between the sub-cohorts of subjects with TIA
and age- and sex-matched control subjects from each cohort.
Results: During follow-up, 28 subjects in the 1961 cohort and 34 in the 1988 cohort experienced TIA. The
age-standardized incidence of TIA was significantly lower in the 1988 cohort than the 1961 cohort (0.66
vs. 1.01 per 1000 person-years, p¼ 0.02). While elevated systolic blood pressure was significantly
associated with the risk of TIA in both cohorts, glucose intolerance and higher serum cholesterol levels
were associated with TIA risk only in the 1988 cohort. The subjects experiencing TIA had approximately 7
e8-fold higher risks for the 10-year incidence of total and ischemic strokes compared with the corre-
sponding control subjects without TIA both in the 1961 and 1988 sub-cohorts, and the relative risks were
not significantly different between sub-cohorts.
Conclusions: Our results suggest that the incidence of TIA decreased during the past half century,
probably due to the spread of antihypertensive treatments in the general Japanese population.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

Transient ischemic attack (TIA) is a clinically important symp-
tom as an early warning sign of imminent stroke. Several
population-based observational studies [1e14] have estimated the
incidence of TIA, but most of them [2e9,11e14] were performed in
Western countries. In Asia, there has only been our previous report
in conjunction with the Hisayama Study [15], in which we exam-
ined the incidence of TIA in the period from 1961 to 1981 in a
gy and Public Health, Grad-
3-1-1 Maidashi, Higashi-ku,

(J. Hata).
general Japanese population. Over the last half century, the prev-
alence and severity of cardiovascular risk factors in Japan, such as
hypertension, diabetes, dyslipidemia, and smoking, have dramati-
cally changed [16], and the management of these risk factors has
been improved. Consequently, the incidence rate of stroke has been
decreased in Japan [16]. Therefore, it can be assumed that the
incidence of TIA in the Japanese population has also changed with
time. However, this issue has not been adequately addressed in
Western countries [1e3], and has been almost completely ignored
in Japan. Moreover, no studies have examined the secular trends in
the association between risk factors and the development of TIA
and in the risk of subsequent stroke after TIA. The aim of the pre-
sent study was to estimate the secular trends in the incidence, risk
factors, and prognosis of TIA in a Japanese community, Hisayama,
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using two cohorts separated by an interval of 27 years.

2. Materials and methods

2.1. Study population

The Hisayama Study is a population-based cohort study of car-
diovascular diseases (CVD) established in 1961. The town of
Hisayama, where the epidemiological study has been ongoing, is
located in a suburb of the Fukuoka metropolitan area in Kyushu
Island, Japan. According to the national census, the population of
the town was approximately 6500 in 1960 and 8400 in 2010. The
age and occupational distributions and nutrient intake levels in the
residents of Hisayama have been similar to those of Japan as a
whole during the past half century [16]. A detailed description of
this study was published previously [15e18]. A total of 1658 resi-
dents of Hisayama aged �40 years participated in the health ex-
amination in 1961 (participation rate in this age group: 90.1%)
[16,17]. We excluded 4 participants who died and 8 who moved
away from the town before the start of follow-up, and 25 who had a
history of stroke, and selected the remaining 1621 participants as
the 1961 cohort. Similarly, a total of 2742 Hisayama residents aged
�40 years underwent the health examination in 1988 (participa-
tion rate: 80.9%) [18]. After excluding 6 participants who died
before the start of follow-up and 90 who had a history of stroke, the
remaining 2646 participants were included in the 1988 cohort. This
study was approved by the Kyushu University Institutional Review
Board for Clinical Research, and written or oral informed consent
was obtained from all the participants.

2.2. Risk factors

Blood pressurewas measured three times in a supine position in
1961 and in a sitting position in 1988 using a mercury sphygmo-
manometer after an at least 5-min rest. Korotkoff phase 5was taken
as the diastolic blood pressure unless the sounds persisted at zero,
in which case Korotkoff phase 4 was recorded. The mean of the
three measurements was used in the present study. Hypertension
was defined as blood pressure �140/90mmHg or use of antihy-
pertensive agents. In 1961, glucose intolerance was defined by a full
stomach test or 100-g oral glucose tolerance test (OGTT) in par-
ticipants with glycosuria as described previously [16]. In 1988, we
performed 75-g OGTT for almost all participants aged 40e79 years,
or a fasting or postprandial glucose measurement for others [18]. In
this cohort, glucose intolerance, which included both diabetes and
prediabetes, was defined as fasting plasma glucose concentration
�6.1mmol/L, 2-h postload plasma glucose concentration
�7.8mmol/L, postprandial plasma glucose concentration
�11.1mmol/L, or use of antidiabetic agents. Serum total cholesterol
levels were measured by the modified Zak-Henly method in 1961
and by the enzymatic method in 1988 [16]. Hypercholesterolemia
was defined as serum total cholesterol �5.7mmol/L. Overweight
was defined as body mass index �25 kg/m2. Atrial fibrillation was
diagnosed by electrocardiogram (Minnesota code: 8e3). Smoking
habits and alcohol intake were categorized as either current use or
not. Current drinking was also categorized as light (1e33 g/day) or
excessive (�34 g/day) drinking according to daily ethanol intake.

2.3. Follow-up survey

The participants of each cohort were followed up prospectively
for 24 years, from November 1961 to October 1985 for the 1961
cohort, and from December 1988 to November 2012 for the 1988
cohort, by the samemethod. In the annual follow-up examinations,
physicians and research nurses asked each participant whether he/
she had experienced clinical symptoms of CVD events (TIA, stroke,
and coronary heart disease). For participants who did not undergo a
regular examination or who moved from the town, vital status and
clinical information of CVD were collected by mail or telephone
interviews. In addition, in order to collect the information of po-
tential CVD events more exhaustively, we established a daily
monitoring system among the study team, local physicians, and
members of the town's Health and Welfare Office. When a partic-
ipant died, autopsy examination was performed at Kyushu Uni-
versity if consent for autopsy was obtained. All of the available
information about potential CVD events or deaths among the study
participants were collected and reviewed by physician members of
the Hisayama Study, including stroke neurologists and cardiolo-
gists, to determine the occurrence of CVD under the standardized
diagnostic criteria. All CVD events were adjudicated by means of a
panel discussion among member physicians. Except for the
deceased cases, only two participants in the 1961 cohort and no
participants in the 1988 cohort were lost to follow-up during the
follow-up periods.

2.4. Definition of TIA

TIA was defined as a sudden onset of nonconvulsive focal
neurological deficit, such as hemiparesis, aphasia, amaurosis fugax,
and so on, due to brain ischemia which resolved within 24 h,
regardless of the presence or absence of corresponding ischemic
stroke lesions on brain imaging or autopsy, according to the Clas-
sification of Cerebrovascular Disease III (CVD-III) criteria by the
National Institute of Neurological Disorders and Stroke published in
1990 [19]. During the follow-up periods, 28 participants in the 1961
cohort and 34 in the 1988 cohort experienced a TIA event.

2.5. Cumulative risk of stroke after TIA

In order to compare cumulative risks of total stroke and
ischemic stroke after the onset of TIA between the two cohorts, we
established a sub-cohort consisting of subjects who developed TIA
during the 24-year follow-up and control subjects who were
randomly selected from the participants without TIA events and
matched by baseline age and sex in each cohort (case:-
control¼ 1:3). The 1961 sub-cohort included 28 subjects with TIA
and 84 control subjects, and the 1988 sub-cohort had 28 TIA sub-
jects (excluding 6 subjects who developed TIA after a stroke event
during the follow-up) and 84 controls. Each sub-cohort was fol-
lowed up for 10 years from the date of TIA onset for each subject
with TIA (or the corresponding date for matched control subjects)
or until October 1985 or November 2012. Stroke was defined as a
sudden onset of focal neurological deficit persisting for >24 years
and classified as ischemic stroke and hemorrhagic stroke (intra-
cerebral and subarachnoid hemorrhage) according to the CVD-III
criteria [19]. Ischemic stroke events were further divided into
lacunar infarction, atherothrombotic infarction, cardioembolic
infarction, and other ischemic stroke according to the Trial of Org
10172 in Acute Stroke Treatment criteria [20], as described previ-
ously [21].

2.6. Statistical analysis

The prevalence of risk factors was adjusted for age and sex by
the direct method using the distribution in the 1961 cohort as a
reference population, and compared between the two cohorts by
logistic regression analysis. The mean values of risk factors were
adjusted for age and sex and compared between the cohorts by the
analysis of covariance. The incidence of TIA was calculated by the
person-years method, and the standardization for age was made by
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the direct method using the WHO Standard Population [22]. To
investigate the association between cardiovascular risk factors and
the risk of TIA, the age- and sex-adjusted hazard ratio (HR) and its
95% CI were estimated by a Cox proportional hazards model. For
each sub-cohort, cumulative risks of total and ischemic strokes
were estimated and compared by the marginal proportional haz-
ards model proposed by Lin andWei [23]. Heterogeneity in the HRs
for the development of stroke between the 1961 and the 1988 sub-
cohorts was evaluated by adding an interaction term into the Cox
model. The SAS 9.4 (SAS Institute Inc., Cary, North Carolina, USA)
was used to perform all statistical analyses. Two-sided values of
p< 0.05 were considered statistically significant.
3. Results

Table 1 shows the baseline characteristics of participants in the
1961 and 1988 cohorts after adjustment for age and sex. Mean age
was significantly higher in the 1988 cohort than in the 1961 cohort.
The prevalence of hypertension was constant, but the mean values
of systolic blood pressure in total subjects and the mean values of
systolic and diastolic blood pressures in subjects with hypertension
decreased significantly from the 1961 cohort to the 1988 cohort, as
a result of the spread of antihypertensive treatment. While the
proportion of current smokers and current drinkers decreased
significantly with time, the prevalence of glucose intolerance, hy-
percholesterolemia, overweight, and excessive drinking increased
significantly.

Table 2 presents the incidence of TIA in the two cohorts. In the
1961 cohort, the age-standardized incidence of TIA per 1000
person-years was 1.01 in total, 1.55 for men, and 0.64 for women;
and that in the 1988 cohort was 0.66, 1.09, and 0.42, respectively.
The age-standardized incidence declined significantly from the
1961 cohort to the 1988 cohort in total (p¼ 0.02) and for men
(p¼ 0.04). A similar declining trend was observed for women but
was not statistically significant (p¼ 0.21), probably due to the small
number of events (p¼ 0.75 for heterogeneity between men and
women). In both cohorts, the age-standardized incidence of TIA
was significantly higher in men than in women (p< 0.01 for both
cohorts), and the age-specific incidence of TIA was increased
significantly with aging (p< 0.05 for both cohorts).

Table 3 demonstrates the age- and sex-adjusted HRs of risk
Table 1
Age- and sex-adjusted baseline characteristics of the study participants in the 1961 an

The 1961 cohort
(n¼ 1621)

Age, years (sex-adjusted) 56 (0.29)
Men, % (age-adjusted) 43.6
Hypertension, % 38.0
Antihypertensive agents, % 2.2
SBP, mmHg 137 (0.54)
DBP, mmHg 78 (0.30)
SBP in hypertensive individuals, mmHg 162 (0.74)
DBP in hypertensive individuals, mmHg 89 (0.43)
Glucose intolerance, % 8.0
Hypercholesterolemia, % 5.1
Total cholesterol, mmol/L 4.05 (0.03)
Overweight, % 10.6
Body mass index, kg/m2 21.5 (0.07)
Atrial fibrillation, % 0.7
Current smoker, % 42.7
Current drinker, % 34.9
Excessive drinker, % 11.4

SBP, systolic blood pressure; DBP, diastolic blood pressure.
Values are mean (standard error of the mean) or a percentage.
factors for the development of TIA in each cohort. Higher systolic
blood pressure was significantly associated with the risk of TIA in
both cohorts, while glucose intolerance and higher serum choles-
terol levels were significant risk factors only in the 1988 cohort.

We investigated the influence of TIA on the risk of total stroke
and ischemic stroke over the subsequent 10 years among the sub-
cohorts of subjects with TIA and age- and sex-matched control
subjects. As shown in Fig. 1, the subjects with TIA had approxi-
mately 7e8-fold higher risks of total and ischemic stroke compared
with the corresponding control subjects both in the 1961 and 1988
sub-cohorts, and the magnitude of the influence of TIA on the
subsequent risks of total and ischemic stroke was not significantly
different between the sub-cohorts (both p for heterogeneity >0.8).
In addition, the age- and sex-adjusted 10-year incidence of total
and ischemic stroke after TIA seemed to be lower in the 1988 sub-
cohort than in the 1961 sub-cohort, but the difference did not reach
the level of statistical significance (both p> 0.3).

Among the 28 subjects with TIA in the 1961 sub-cohort, 13
experienced ischemic stroke, and 2 experienced hemorrhagic
stroke during 10 years of follow-up. Among the 28 subjects with
TIA in the 1988 sub-cohort, 12 had ischemic stroke, and 2 had
hemorrhagic stroke. Fig. 2 shows the proportion of ischemic stroke
subtypes in subjects with TIA from each sub-cohort. The proportion
of ischemic stroke subtypes was 31% (n¼ 4) for atherothrombotic
infarction, 38% (n¼ 5) for lacunar infarction, and 31% (n¼ 4) for
cardioembolic infarction in the 1961 sub-cohort, and the corre-
sponding values in the 1988 sub-cohort were 58% (n¼ 7), 25%
(n¼ 3), and 17% (n¼ 2).
4. Discussion

In the present study, the age-standardized incidence of TIA
clearly decreased during the past half century. To the best of our
knowledge, this is the first observational study that examined
secular trends in the incidence of TIA in a Japanese community.
With regard to risk factors for TIA, higher systolic blood pressure
was a consistent risk factor for TIA both in the 1961 and the 1988
cohorts, while higher serum cholesterol levels and glucose intol-
erance were associated with the risk of TIA only in the 1988 cohort.
Subjects with TIA had significantly higher risks of total and
ischemic strokes than those without TIA in both cohorts, and the
d 1988 cohorts.

The 1988 cohort
(n¼ 2646)

p value

59 (0.23) <0.001
42.6 0.60
38.7 0.85
13.2 <0.001
133 (0.42) <0.001
78 (0.24) 0.45
153 (0.55) <0.001
85 (0.32) <0.001
34.2 <0.001
35.3 <0.001
5.32 (0.02) 0.04
24.3 <0.001
22.9 (0.06) <0.001
1.1 0.16
26.1 <0.001
32.7 0.045
15.7 <0.001



Table 2
Incidence of TIA (per 1000 person-years) during 24-year follow-up of the 1961 and 1988 cohorts.

The 1961 cohort
(1961e1985)

The 1988 cohort
(1988e2012)

p value

Events/subjects Incidence Events/subjects Incidence (1961 vs. 1988)

Total
Crude incidence 28/1621 0.96 34/2646 0.67 0.14
Age-standardized incidence 1.01 0.66 0.02
Age-specific incidence
40e49 years 7/551 0.57 2/685 0.13
50e59 years 13/479 1.35 8/745 0.50
60e69 years 5/362 0.94 12/668 0.94
�70 years 3/229 1.53 12/548 1.87

Men
Crude incidence 18/707 1.50 20/1115 0.99 0.19
Age-standardized incidence 1.55 1.09 0.04
Age-specific incidence
40e49 years 5/246 0.95 2/304 0.29
50e59 years 8/216 1.94 3/318 0.46
60e69 years 4/168 1.91 8/285 1.60
�70 years 1/77 1.80 7/208 3.58

Women
Crude incidence 10/914 0.58 14/1531 0.46 0.51
Age-standardized incidence 0.64 0.42 0.21
Age-specific incidence
40e49 years 2/305 0.29 0/381 0
50e59 years 5/263 0.90 5/427 0.52
60e69 years 1/194 0.31 4/383 0.51
�70 years 2/152 1.43 5/340 1.12

Table 3
Age- and sex-adjusted HRs of risk factors for the development of TIA in the 1961 and 1988 cohorts.

The 1961 cohort
(1961e1985)

The 1988 cohort
(1988e2012)

HR (95% CI) p HR (95% CI) p

Age (per 10-year increase) 1.68 (1.12e2.51) 0.01 2.30 (1.66e3.19) <0.001
Men (vs. women) 2.96 (1.36e6.46) 0.01 2.68 (1.34e5.36) 0.005
SBP (per 10mmHg increase) 1.16 (1.00e1.35) 0.046 1.19 (1.03e1.38) 0.02
Glucose intolerance (yes vs. no) 0.38 (0.05e2.84) 0.35 2.12 (1.07e4.17) 0.03
Total cholesterol (per 1mmol/L increase) 0.98 (0.65e1.48) 0.93 1.49 (1.12e1.98) 0.006
Body mass index (per 1 kg/m2 increase) 0.97 (0.97e1.13) 0.68 1.07 (0.96e1.20) 0.22
Current smoker (yes vs. no) 0.42 (0.18e1.01) 0.05 1.81 (0.82e3.99) 0.14
Current drinker (yes vs. no) 0.79 (0.33e1.94) 0.61 1.16 (0.51e2.64) 0.72
Excessive drinker (yes vs. no) 1.21 (0.43e3.41) 0.72 0.78 (0.29e2.15) 0.63

HR, hazard ratio; CI, confidence interval; SBP, systolic blood pressure.

Fig. 1. Secular change in the age- and sex-adjusted cumulative incidence of stroke after TIA.
Cumulative incidence of total stroke (A) and ischemic stroke (B) in subjects with TIA and age- and sex-matched control subjects without TIA are shown for the 1961 and the 1988
sub-cohorts. The hazard ratio (HR) and its 95% confidence intervals (95% CI) for each outcome in those with TIA (versus control subjects) were estimated for each sub-cohort, and the
heterogeneity in the magnitude of the association between TIA and the risk of each outcome was calculated.
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Fig. 2. Secular change in the proportion of ischemic stroke subtypes developed after
TIA.
The proportion of ischemic stroke subtypes developed over a period of 10 years is
shown in subjects with TIA for the 1961 and 1988 sub-cohorts.
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magnitude of this association did not change between the cohorts.
Our results would provide useful information on the primary pre-
vention of TIA and stroke after TIA in the general Japanese
population.

Several registry-based studies from other countries have re-
ported the annual incidence of TIA among total populations
including all age groups: the annual incidence of TIA varied from
0.05 to 1.4 per 1000 persons [1e10]. Some prospective cohort
studies of Western adult populations have also examined the
incidence of TIA [12e14]. The Rotterdam Study from the
Netherlands showed that the TIA incidence in individuals aged�55
years was 4.7 per 1000 person-years [12]. In the cohort study for
individuals aged �50 years in Rochester, Minnesota, the TIA inci-
dence was 2.37 per 1000 population [13]. The incidence of our
Japanese individuals aged�40 years (1.01 per 1000 person-years in
the 1961 cohort and 0.66 in the 1988 cohort) seemed to be lower
than those in the Western studies. In the 1960s, a similar lower
incidence was observed in a cohort study of American men with
Japanese ancestry aged 45e68 years (average annual incidence,
1.08 per 1000 population) [11]. These findings suggest that the
incidence of TIA was lower in Japanese than in the Western pop-
ulations, although a direct comparison among the studies is diffi-
cult because of differences in the age distribution and study
methods, including the methods of follow up. These differences, in
turn, may have been due to the fact that extracranial atherosclerosis
is less common in Japanese than Westerners [24].

A few registry-based studies have shown the secular trends in
the incidence of TIA. In Novosibirsk, Russia, the incidence of TIA in
all age groups did not increase significantly (0.16 per 1000 popu-
lation in 1987e1988 and 0.29 per 1000 in 1996e1997) [1]. A similar
stable trend in the incidence of TIA was observed in a registration
study in France (0.12 per 1000 in 1985e1989 and 0.11 per 1000 in
2000e2004) [2]. Meanwhile, the present cohort study revealed a
clear trend of decrease in the TIA incidence from the 1961 cohort to
the 1988 cohort of middle-aged and elderly Japanese individuals. In
our population, the mean values of systolic and diastolic blood
pressures in hypertensive subjects decreased significantly during
this period as a result of the spread of antihypertensive treatment.
Therefore, the decreasing trends in the TIA incidence between the
two cohorts could be mainly explained by the improvement of
hypertension management.
In our population, subjects who experienced TIA events had a

higher subsequent incidence of total and ischemic stroke than
those without TIA both in the 1961 and the 1988 sub-cohorts.
Intriguingly, the present study revealed that the proportion of
lacunar infarction among subsequent ischemic stroke after TIA
decreased with time, while the proportion of atherothrombotic
infarction increased. Lacunar infarction usually occurs by the oc-
clusion of small perforating arteries mainly in hypertensive sub-
jects. In contrast, atherothrombotic infarction is caused by
atherosclerotic disease of large arteries, such as the carotid and
intracranial arteries. In the 1988 cohort, metabolic risk factors,
namely, glucose intolerance and elevated serum cholesterol levels,
were significant risk factors for TIA, but they were not associated
with the risk of TIA in the 1961 cohort. These changes of risk factors
for TIA are attributable to the increasing trends in the prevalence of
metabolic disorders with time, due to the westernization of dietary
habits and physical inactivity as a result of motorization [16]. Since
diabetes [25] and hypercholesterolemia [26] are known risk factors
for atherosclerotic disease, our finding suggests that the etiology of
TIA may have shifted from small artery diseases to large artery
diseases. Notably, the magnitude of the relative risk of TIA for
subsequent stroke did not decrease significantly with time in the
present study, despite the improvement in the management of
hypertension, possibly because the increased burden of metabolic
risk factors offset the benefit of improved management of
hypertension.

The present study had some notable advantages. First, we per-
formed a population-based survey of TIA events which were
confirmed by a combination of several methods, including face-to-
face interview by physicians and research nurses at the annual
health examination, questionnaire by mail or telephone, and in-
formation from the local physicians and town government, because
TIA patients do not always visit hospitals. Therefore, we consider
that our population-based cohort study could provide more accu-
rate estimations of the TIA incidence than hospital-based registry
studies. Second, participation rates of the baseline examinations in
1961 and in 1988 were high, and thus the selection bias in these
cohorts was minimal.

However, several limitations should also be noted. First, we
could not estimate the association between atrial fibrillation and
the risk of TIA, because no subjects with atrial fibrillation at base-
line experienced TIA during the follow-up period in either cohort,
and we could not investigate the association between other risk
factors and the risk of TIA using multivariable or stratified analyses,
due to the small number of TIA event. In addition, since the number
of ischemic stroke events after TIAwas very small, it was difficult to
investigate the association between TIA and subsequent ischemic
stroke in more detail. Second, we could not determine the etiology
of TIA, because available information on the underlying vascular
diseases or embolic sources was insufficient due to the population-
based study setting. Third, the definition of glucose intolerance and
the methods used to measure serum cholesterol levels were
different between the two cohorts. The diagnosis of glucose intol-
erance and the measurement of serum cholesterol in the 1961
cohort might have been less accurate than those in the 1988 cohort.
These limitations might have led to underestimation of the influ-
ence of glucose intolerance and high serum cholesterol levels on
the incidence of TIA, especially in the 1961 cohort. Finally, detailed
information of risk factors, treatment (e.g., antithrombotic and
anticoagulant therapy), and comorbidity (e.g., carotid artery le-
sions) at the time of TIA onset was not available. Therefore, we
could not evaluate the influence of risk factors on subsequent
stroke events after TIA.
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4.1. Conclusions

In a cohort study of a general Japanese population, the incidence
of TIA was shown to have decreased over the past half century,
probably due to the improvement in hypertension treatment.
However, the influence of metabolic disorders, such as glucose
intolerance and hypercholesterolemia, on the risk of TIA increased
during this period. As a consequence, the proportion of athero-
thrombotic stroke increased among stroke cases developed after
TIA. Since the prevalence of metabolic risk factors has been
increasing progressively with time due to westernized lifestyles
and physical inactivity as a result of motorization in Japanese [16],
we cannot deny the possibility that the TIA incidence will plateau
or trend upward rather than downward in the near future. Inten-
sive efforts for the comprehensive management of metabolic risk
factors as well as hypertensionwill be needed to reduce the burden
of TIA and subsequent stroke in the future.
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