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Abstract
Introduction: Since the 1960s, the stroke morality rate in Ja-
pan has declined significantly. Although several risk factors 
for stroke have become more evident due to increasingly 
Westernized lifestyle, there have been no population-based 
registry data on recent time trends in stroke incidence in Ja-
pan. The purpose of this study is to determine these trends 
in stroke incidence using a population-based registry. Meth-
ods: Data were obtained from the Takashima Stroke Regis-
try, which covers approximately 50,000 residents in Takashi-
ma City, Japan. The age- and sex-standardized stroke inci-
dence rate was estimated using the direct method. Average 
annual relative changes of stroke incidence were estimated 
using Poisson regression models. Results: We identified a to-
tal of 2,371 patients with first-ever stroke during the period 
1990–2010. Crude incidence rates of total stroke (per 100,000 

person-years) were 225 in the early period (1990–2001) and 
187 in the late period (2002–2010), and the mean age at on-
set of stroke increased from 71.9 years in the early period to 
74.8 years in the late period. Age- and sex-standardized inci-
dence rates of stroke (per 100,000 person-years) decreased 
from 327 in the early part of this study period and 206 in the 
later period. During the 21-year period, age- and sex-stan-
dardized average annual relative reduction in stroke inci-
dence was statistically significant (−3.7% per year). When 
stratified into early and late periods, the adjusted annual rel-
ative reduction in stroke incidence was observed during the 
early period (−2.1% per year), and there were no significant 
changes during the late period. Conclusions: In this popula-
tion-based registry, there was a significant reduction in inci-
dence of stroke from 1990 to 2010. Although the speed of 
reduction in stroke incidence appears to have slowed down 
after 2000, continuous public health measures are required 
to provide further protection against stroke.
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Introduction

Stroke is one of the leading causes of premature death 
and disability in Japan as well as in other countries glob-
ally [1]. In Japan, the age-standardized stroke morality 
rates declined dramatically from the 1960s to the 1990s [2, 
3], and this decreasing trend slowed down, but the age-
standardized stroke morality rate continued to decrease 
from 1990s to 2010s [4]. There were few studies to report 
the trend of stoke incidence in Japan. The age-adjusted 
stroke incidence rates dramatically decreased from the 
1960s and the 1970s, but this trend has been reported to 
slow down from the 1970s to 2000s [5]. In Japan, smoking 
and hypertension are both major risk factors for stroke, 
and both smoking rate and mean systolic blood pressure 
(BP) have been decreasing over the last several decades [3, 
6, 7]. The reduction in the incidence and mortality of 
stroke in Japan may be attributable to decrease in popula-
tion BP levels and in smoking rates [3, 7]. In contrast, with 
the Westernized lifestyle changes, serum cholesterol levels 
[3, 7] and prevalence of diabetes [8], which are also impor-
tant risk factors for stroke, have increased over the last five 
decades. However, recent time trends in stroke incidence 
in general Japanese population are scant in Japan. The aim 
of the present study is to investigate the 21-year trend in 
first-ever incidence of stroke and its subtypes using data 
from the Takashima Stroke Registry [9, 10].

Methods

Study Area and Study Design
The Takashima Stroke Registry is a part of the Takashima Car-

diocerebrovascular Disease Registration Study established in 1989 
in Takashima City, Shiga Prefecture, Japan [9–11]; its design has 
been described elsewhere in detail [9, 10]. In brief, the Takashima 
Stroke Registry is an ongoing population-based registry study de-
signed to build a complete information system regarding all cases 
of acute ischemic and nontraumatic hemorrhagic stroke among 
residents of Takashima City. Our registry system covered all the 
hospitals in Takashima City. More than 98% of hospital admis-
sions of Takashima City were seen in these hospitals [9]. We col-
located information of all stroke events from not only inpatient’s 
medical records but also from emergency room records (for death 
in emergency rooms and death on/during arrival at the hospital).

Takashima City is in the northern part of the Shiga Prefecture. 
In 2005, as the result of a municipal merger, Takashima County was 
converted into Takashima City. The population of Takashima 
County was 52,009 (25,562 men and 26,447 women) in the 1990 
census and that of Takashima City in the 2010 census was 52,440 
(25,530 men and 26,910 women). The proportion of aging (i.e., 
aged 65 years and older) was 16.5% in 1990 and 27.9% in 2010. The 
Takashima Stroke Registry was approved by the Institutional Re-
view Board of the Shiga University of Medical Science (R2000-014).

Medical Histories
Information on medical history, including transient ischemic 

attack, use of BP-lowering, glucose-lowering, and lipid-lowering 
therapies, and smoking and drinking status before onset of the in-
dex stroke was obtained from the medical records. Smoking and 
drinking habits were categorized as never, past, and current.

Stroke was defined as the sudden onset of focal neurological 
deficits persisting for more than 24 h according to the Monitoring 
of Trends and Determinants in Cardiovascular Disease (WHO-
MONICA) projects [12]. In this analysis, first-ever stroke was de-
fined as the first occurrence of any type of stroke. First-ever strokes 
were classified as ischemic stroke, intracerebral hemorrhage, sub-
arachnoid hemorrhage, and undetermined type.

Statistical Analysis
Incidence rates of stroke and its subtypes were calculated using 

a person-year approach (i.e., total number of stroke cases/sum of 
the total number of the city population on October 1 of each year 
[based on the census data] throughout the observation period) 
separately for the early period (1990–2001) and late period (2002–
2010). The incidence rates were standardized for age and sex using 
the direct method with the total population of Japan in 2015 [4] as 
the standard.

The average annual relative changes in stroke incidence across 
the total study period (1990–2010) were examined using Poisson 
regression models. Stroke incidence for each year was modeled 
as a Poisson distribution. The Poisson regression procedure was 
fitted to the following model: “log (number of incidence cases) = 
α + β (year).” The population number was used as offset in our 
models. The average annual relative changes in incidence and 
their 95% confidence intervals (CIs) were calculated using the 
regression coefficient of the explanatory variable “year” (β) and 
its standard error as “exp (β ± 1.96 × standard error).” We also 
calculated age- and sex-standardized average annual relative 
change using age- and sex-standardized Poisson regression mod-
els. As a sensitivity analysis, we additionally calculated the aver-
age annual relative change in incidence separately for the early 
period (1990–2001) and the late period (2002–2010). A p value 
of less than 0.05 was considered statistically significant. All anal-
yses were performed using SAS 9.4 (SAS Institute, Cary, NC, 
USA).

Results

A total of 2371 first-ever stroke cases were identified 
from January 1, 1990, to December 31, 2010 (crude inci-
dence rate 209 per 100,000 person-years): 1,464 cases 
(225 per 100,000 person-years) in the early period (1990–
2001) and 907 cases (187 per 100,000 person-years) in the 
late period (2002–2010). Table 1 shows the characteristics 
of first-ever stroke patients. The mean age at onset of 
stroke increased from 71.9 years in the early period to 
74.8 years in the late period. In the late period, frequency 
of patients who received BP-lowering medications before 
onset was significantly higher than that in the early peri-
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od, while there were no significant differences in frequen-
cy of patients who received glucose-lowering therapies 
between the early and late periods. The smoking rate de-
creased from 32.2% in the early period and 24.2% in the 
late period.

Table 2 shows the age-standardized incidence rates of 
total stroke and its subtypes (per 100,000 person-years) in 
the early and the late periods. Age- and sex-standardized 

incidence rates using 2015 Japanese population of total 
stroke were 302 in the early and 191 in the late periods. In 
men, age-standardized incidence rates of total stroke were 
330 in the early and 211 in the late periods. In women, age-
standardized incidence rates of total stroke were 281 in the 
early and 172 in the late periods. Crude incidence rates of 
total stroke were 225 in the early and 187 in the late period 
(online suppl. Table 1; for all online suppl. material, see 

Table 1. Characteristics of first-ever stroke patients in early (1990–2001) and late (2002–2010) periods: the Takashima 
Stroke Registry

1990–2001 2002–2010 p value

N 1,464 907
Age, years 71.9 (12.3) 74.8 (12.1) <0.001
Age 65 years and older, N (%) 1,084 (74.0) 733 (80.8) <0.001
Men, N (%) 779 (53.2) 490 (54.0) 0.699
Stroke subtype, N (%)

Cerebral infarction 989 (67.6) 608 (67.0) 0.009
Cerebral hemorrhage 316 (21.6) 227 (25.0)
Subarachnoid hemorrhage 142 (9.7) 70 (7.7)
Undermined stroke 17 (1.2) 2 (0.2)

Treatment, N (%)
BP-lowering medication

No 591 (53.3) 406 (48.1) 0.022
Yes 517 (46.7) 438 (51.9)
Unknown 356 – 63 –

Glucose-lowering therapy
No 827 (86.7) 733 (85.8) 0.597
Yes 127 (13.3) 121 (14.2)
Unknown 510 – 53 –

Lipid-lowering medication
No – – 595 (91.5) –
Yes – – 55 (8.5)
Unknown – – 257 –

Smoking, N (%)
Never smoker 731 (66.6) 478 (65.4) <0.001
Past smoker 13 (1.2) 76 (10.4)
Current smoker 354 (32.2) 177 (24.2)
Unknown 366 – 176 –

Drinking, N (%)
Never drinker 813 (73.8) 486 (65.8) <0.001
Past drinker 10 (0.9) 20 (2.7)
Current drinker 279 (25.3) 233 (31.5)
Unknown 362 – 168 –

History of TIA, N (%) 77 (5.4) 27 (2.5) <0.001
Neuroimaging examination of index stroke, N (%)

CT or MRI 1,370 (93.6) 871 (96.0) 0.011
CT 1,300 (88.8) 725 (79.9) <0.001
MRI 651 (44.5) 687 (75.7) <0.001

Values are number, proportion (%), or mean±standard deviation (%). The p values were calculated by the t test 
for continuous variables and the χ2 test for categorical variables. All values categorized as “unknown” were exclud-
ed from the calculation. BP, blood pressure; CT, computed tomography; MRI, magnetic resonance imaging; N, num-
ber; TIA, transient ischemic attack.
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www.karger.com/doi/10.1159/000521643). Figure 1 shows 
trends in the crude and age-standardized incidence rates 
of first-ever total stroke and its subtypes. The trends in 
crude and age-standardized incidence rates of first-ever to-
tal stroke and its subtypes are shown separately for men 
and women in online supplementary Figures 1 and 2.

Table 3 shows the crude and age- and sex-adjusted av-
erage annual relative change in stroke incidence during 
the total 21-year study period. A significantly decreasing 
trend of stroke incidence was observed in the crude anal-
ysis: average annual relative change in total stroke inci-
dence was −1.1% per year (95% CI: −1.8 to −0.5). A sig-

1990–2001 2002–2010

IR (95% CI) IR (95% CI)

Men and women
Total stroke 302 (269, 340) 191 (165, 223)

Ischemic stroke 209 (182, 240) 129 (108, 155)
Intracerebral hemorrhage 62 (48, 81) 48 (36, 66)
Subarachnoid hemorrhage 27 (18, 41) 14 (8, 26)

Men
Total stroke 330 (281, 389) 211 (172, 262)

Ischemic stroke 244 (204, 295) 156 (123, 200)
Intracerebral hemorrhage 60 (41, 89) 45 (29, 74)
Subarachnoid hemorrhage 21 (11, 42) 9 (4, 26)

Women
Total stroke 281 (238, 333) 172 (141, 215)

Ischemic stroke 181 (149, 223) 103 (80, 137)
Intracerebral hemorrhage 64 (46, 93) 50 (35, 76)
Subarachnoid hemorrhage 33 (20, 55) 19 (10, 39)

Incidence rate indicates per 100,000 person-years. Age distribution was standardized to 
the 2015 Japanese population. Incidence rate for the unclassified stroke subtype was not 
presented due to a small number of patients. CI, confidence interval; IR, incidence rate.

Table 3. Average annual relative changes in incidence rates of first-ever stroke in the total 21-year period: the Takashima Stroke Registry 
(1990–2010)

Relative change/year, % Age- and sex-adjusted relative change/year, %

average (95% CI) p value average (95% CI) p value

Men and women
Total stroke −1.11 (−1.77, −0.45) 0.001 −3.66 (−4.30, −3.02) <0.001

Ischemic stroke −1.14 (−1.95, −0.33) 0.006 −3.89 (−4.68, −3.10) <0.001
Intracerebral hemorrhage −0.03 (−1.43, 1.39) 0.968 −2.34 (−3.71, −0.95) 0.001
Subarachnoid hemorrhage −2.44 (−4.61, −0.22) 0.032 −4.07 (−6.23, −1.87) <0.001

Men
Total stroke −1.15 (−2.06, −0.24) 0.013 −3.64 (−4.53, −2.75) <0.001

Ischemic stroke −1.08 (−2.14, −0.01) 0.047 −3.77 (−4.80, −2.72) <0.001
Intracerebral hemorrhage −0.03 (−2.05, 2.03) 0.975 −2.22 (−4.20, −0.21) 0.031
Subarachnoid hemorrhage −3.36 (−6.91, 0.32) 0.074 −4.62 (−8.14, −0.96) 0.014

Women
Total stroke −1.06 (−2.03, −0.09) 0.034 −3.72 (−4.66, −2.77) <0.001

Ischemic stroke −1.21 (−2.44, 0.03) 0.058 −4.14 (−5.34, −2.93) <0.001
Intracerebral hemorrhage −0.03 (−1.93, 1.91) 0.977 −2.45 (−4.32, −0.54) 0.012
Subarachnoid hemorrhage −1.92 (−4.65, 0.89) 0.180 −3.69 (−6.39, −0.91) 0.009

CI, confidence interval.

Table 2. Age- and sex-standardized 
incidence rates of first-ever stroke in the 
early (1990–2001) and late (2002–2010) 
periods: the Takashima Stroke Registry
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nificant annual relative reduction was also observed even 
after adjustment for age and sex: −3.7% per year (95% CI: 
−4.3 to −3.0). Significant decreasing trends were observed 
in both in men and women, separately. Online supple-
mentary Table 2 shows age- and sex-adjusted average an-
nual relative changes in stroke incidence separately for 
the early (1990–2001) and late (2002–2010) study peri-
ods. During the early period, a significant decreasing 
trend in stroke incidence was observed (p for trend = 
0.006) with an annual percentage change of −2.1% per 
year (95% CI: −3.5 to −0.6). During the late period, in 
contrast, there were no significant decreasing trends in 
incidence rates of total stroke (p = 0.60) with an annual 
percent change of −0.7% per year (95% CI: −3.1 to 1.9).

Discussion

In this long-term population-based stroke registry, we 
demonstrated significantly decreasing trends in incidence 
of total stroke and its subtypes over the 21-year study pe-
riod. These reductions in stroke incidence remained sta-
tistically significant even after adjustment for age and sex. 
When the total study period was divided into early (1990–
2001) and late (2002–2010) periods, a significant reduc-
tion in stroke incidence was observed only during the ear-
ly period, while there were no significant reduction in in-
cidence rates of stroke during the late period.

This is the first study to report the trend of stroke inci-
dence in the 2000s based on the population-based stroke 
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Fig. 1. Trend in crude incidence rates of 
first-ever stroke (total stroke and its sub-
types) (a) and age- and sex-adjusted inci-
dence rates of first-ever stroke using 2015 
Japanese population (b): the Takashima 
Stroke Registry (1990–2010).
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registry in Japan. In Japan, age-standardized stroke moral-
ity rates have continuously declined, and the rates were 98 
in men and 69 in women in 1990, 74 in men and 46 in 
women in 2000, 50 in men and 27 in women in 2010, and 
33 in men and 18 in women in 2019 [4, 13]. The decreasing 
time trend of stroke incidence observed in this study was 
similar to that of stroke mortality. However, continuous 
monitoring for the trend in stroke incidence is needed.

The Global Burden of Disease Study has reported re-
ductions in the incidence of stroke from 1990 to 2016 in 
most regions of the world [1]. The estimation was consis-
tent with our findings. A recent systematic review also 
reported that stroke incidence in the high-income Euro-
pean countries has declined steadily in the 21st century 
[14]. However, the Dijon Stroke Registry showed increas-
ing trend in incidence rates of ischemic stroke in young 
adults in France from 1985 to 2011 [15]. In Japan, the 
incidence and mortality of stroke declined dramatically 
from the 1960s to the 1990s [3, 5]. However, population-
based studies conducted in Sweden and Japan reported 
no clear changes in stroke incidence and mortality during 
the early 2000s [6, 14, 16, 17]. According to our sensitiv-
ity analysis, in the later period (2002–2010), the decreas-
ing trends of stroke incidence might have slowed down. 
Further studies might be needed to observe the trend of 
stroke incidence during the 2010s.

The key risk factors for stroke in Japan are smoking 
[18, 19], hypertension [17, 19, 20], and metabolic risk fac-
tors [21] including obesity [22], diabetes [23], and dyslip-
idemia [19]. During the 2000s, the overall smoking rate 
continued to decline [7]. Average BP levels declined dur-
ing the 1990s [3], but declining trends in average BP levels 
slowed down during the 2000s [7]. In contrast, the preva-
lence of dyslipidemia continuously increased over this 
period [4, 7]. These unfavorable trends in metabolic risk 
factors, which may be due to Westernization of lifestyle, 
are likely to be attributable to the observed slowdown in 
reduction of stroke incidence during the 2000s in Japan. 
Therefore, further countermeasures of these risk factors 
are required to provide a further reduction in stroke.

To our knowledge, this is the first study to report the 
trends in stroke incidence in the 2000s based on a com-
prehensive, population-based stroke registry in Japan. 
This study also has several limitations. First, our registry 
system did not cover clinics in Takashima City. However, 
in Japan, public health insurance systems under the con-
trol of the government covered almost 100% of residents. 
Therefore, a patient having stroke-like symptoms who 
visited general physicians in the area is almost always 
transferred to the hospitals in Takashima City. Moreover, 

24-h emergency transport systems by local governments 
are available for all residents without charge, and the sys-
tems transport the patients to emergency hospitals. 
Therefore, it was almost no chance that someone having 
stroke which met the criteria of this study would be left 
out of our registry system. Second, the registry covers a 
rural area in Western Japan that may be different from 
the population in Eastern Japan where a higher mortality 
rate of stroke was observed. Furthermore, the use of mag-
netic resonance imaging scans became more widely used 
in the later years of this study, which may have influenced 
the diagnosis of minor stroke in the late period. However, 
we excluded all asymptomatic stroke cases according to 
the definition in the protocol. Therefore, the possibility of 
overdiagnosis is less likely to have affected our findings. 
Third, stroke cases with very minor symptoms who did 
not present to hospitals might be missed from our regis-
try. Fourth, the denominator of the incidence rate in this 
study was person-years based on the total number of the 
city population (including prevalent stroke cases). This 
fact might have been resulted in underestimation of inci-
dence rates in this study. However, this limitation has 
limited impact on the findings of this study because of low 
prevalence rates of stroke.

Conclusions

This population-based stroke registry in Japan ob-
served a significant reduction in incidence rates of stroke 
from 1990 to 2010. These findings indicated the impor-
tance of continuous monitoring for the trend in stroke 
incidence. Facing super-aged society in Japan, these find-
ings also re-emphasize the importance of public health 
measures to provide continuous protection against 
stroke.
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