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A B S T R A C T 

 

 

 

Introduction:  An urban–rural gap in stroke incidence or mortality has been reported. However, whether the effect of rurality on 

stroke is independent of the distribution of conventional individual-level risk factors and other community-level risk factors is 

inconclusive. 

Methods:  A cohort study was conducted involving 4849 men and 7529 women residing in 12 communities throughout Japan. 

Baseline data were obtained between April 1992 and July 1995. Follow up was conducted annually to capture first-ever-in-life 

stroke events. During that period, geographic, demographic and weather information was obtained for each community. Multi-level 

logistic regression analysis was conducted to evaluate the association between stroke incidence and each geographic/demographic 

factor adjusted for meteorological parameters (temperature and rainfall), in addition to individual-level risk factors (age, body mass 

index, smoking, total cholesterol, hypertension, and diabetes). 

Results:  Throughout an average of 10.7 years' follow up, 229 men and 221 women with stroke events were identified. In women, 

low population (odds ratio [OR] per 1000 persons 0.97; 95% confidence interval 0.94-1.00), low population density (OR per 1/km2 

0.85; 0.74-0.97) and high altitude (OR per 100 m 1.18; 1.09-1.28) increased the risk of stroke independently of individual-level 

risk factors; however, significance was absent for all three associations when further adjusted for weather parameters. Conversely, 

the association between each meteorological parameter and stroke in women was significant, even after adjustment for each of the 

three geographic/demographic factors. Similar results were obtained for cerebral infarction. 
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Conclusion:  The association between living in rural communities and stroke may be caused by the confounding effect of weather 

conditions in the communities studied. 

 

Key words:  demography, geography, meteorological factors, stroke. 

 
 

Introduction 
 

A geographic disparity in stroke incidence and mortality 

exists in many countries and world regions. In Japan, the 

north-east prefectures have higher stroke mortalities than 

other parts of the country
1
. In the USA, stroke incidence and 

mortality are highest in some south-eastern states, referred to 

as the ‘stroke belt’2. In the UK and Finland, the northern 

parts of both countries have a higher incidence of stroke than 

in the south
3,4

. In Europe, northern countries have a higher 

stroke incidence than those in the south5. 

 

Explanations have been proposed for this geographic 

disparity, for example the concentration, in some areas of 

higher stroke incidence, of traditional risk factors such as 

hypertension, hypercholesterolemia, higher age, and black 

African genetic heritage. It is also known that socioeconomic 

factors such as income level and academic background affect 

the risk of stroke
6
 and can contribute to the geographic 

disparity. However, it has also been reported that individual-

level risk factors can only partially explain the disparity of 

stroke incidence and/or mortality among communities
3,7-12

. 

 

The community-level geographic and demographic features 

may be helpful to explain disparity in stroke 

incidence/mortality. Rural residents are known to be more 

vulnerable to stroke than their urban counterparts
13,14

. Nishi 

et al. reported that Japanese women living in communities 

with smaller population have a higher stroke mortality than 

those in other communities, and this was independent of 

individual-level risk factors, such as age, blood pressure and 

cholesterol level12. Rural residents have a higher stroke 

incidence or mortality, even after adjustment for age and sex, 

in the USA
15

, Canada
16

, China
17

, Bulgaria
18

, and Potugal
19

. 

While higher stroke mortality may be due to a lower 

availability of stroke treatments, and lower access to medical 

facilities in rural areas
13,20

, the higher incidence of stroke 

cannot, however, be explained by rural treatment or access 

problems. 

 

Variations in the weather is another community-level 

variable with the potential to contribute to a geographic 

disparity of stroke incidence. In several countries stroke 

mortality and/or incidence reportedly increases in cold 

months, and thus exposure to low temperatures is a possible 

risk factor for stroke
21-24

. Because in Japan, as in many 

countries in the northern hemisphere, stroke 

incidence/mortality is higher in northern areas
1,3-5

, low 

temperatures may contribite to the north–south disparity. It 

has also been reported that women in communities with 

lower temperatures or a higher rainfall had a higher 

incidence of stroke than women in other communities, 

independent of individual-level risk factors25. 

 

The geographic disparity of stroke incidence may also be 

due to an interaction of individual-level and community-

level risk factors. To investigate this, it was deemed useful to 

evaluate the effect of communities’ geographic/demographic 

features on stroke in residents, while accounting for the 

confounding effects of conventional individual-level risk 

factors and suspected community-level risk factors, such as 

meteorological factors. At the same time, the suspected 

effects of meteorological factors on stroke should also be 

assessed to exclude the confounding effects of 

geographic/demographic factors. 

 

Consequently, a cohort study based in 12 communities 

throughout Japan assessed whether living in a rural 

community predicted the first-ever-in-a-lifetime stroke 

incidence of residents, independently of individual-level risk 

factors and weather conditions. 
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Methods 
 

Study population 

 

The JMS Cohort Study commenced in 1992. Its primary 

objective was to clarify the relationship between potential 

risk factors and cardiovascular diseases in 12 rural 

municipalities (towns, villages and cities selected from the 

then 3238 municipalities) in Japan
26

. Baseline data for the 

present cohort study were obtained for the period between 

April 1992 and July 1995 from data collected for a national 

mass-screening program. Eligible subjects for the mass-

screening were residents aged 40-69 years in 

11 communities, and residents aged over 30 years in one 

community. Local government offices in each community 

issued invitations to eligible residents and 12 490 subjects 

(4913 males and 7577 females) participated in the study. 

Among participants, 112 had a past history of stroke and 

were excluded, leaving 12 378 (4849 males and 

7529 females) for inclusion. The total population for each 

community ranged from 430 to 19 227 (average, 6975). The 

participation rates for those invited to the mass screening in 

each community were as follows: 77% in Iwaizumi, 65% in 

Tako, 78% in Yamato, 69% in Kuze, 90% in Takasu, 79% in 

Wara, 88% in Sakuma, 30% in Hokudan, 40% in Sakugi, 

66% in Okawa, 44% in Ainoshima, and 26% in Akaike
27

. 

The overall participation rate was 65.4%. Written informed 

consent to participate in the study was obtained individually 

from all mass screening respondents.  

 

Measurement of baseline variables 

 

Body weight was recorded with the subject clothed, and 

0.5 kg in summer or 1 kg in other seasons was subtracted 

from the recorded weight. Body mass index (BMI) was 

presented as kg/m
2
. ‘Hypertensive subjects’ were defined as 

those with currently-treated hypertension (systolic blood 

pressure ≥140 mmHg, or diastolic blood pressure 

≥90 mmHg). Blood samples were obtained from all 

participants, and 5532 (44.3%) of these followed overnight 

fasting. ‘Diabetic subjects’ were defined as those with 

currently-treated diabetes, plasma glucose ≥126 mg/dL after 

overnight fasting, or casual blood glucose ≥200 mg/dL. Age 

at graduation from the final school attended was used as a 

proxy measure of socioeconomic status. 

 

Meteorological variables 

 

Weather information was obtained for each community from 

the nearest observatory of the Japan Meteorological Agency, 

Ministry of Land, Infrastructure, Transport and Tourism. The 

distance between the center of a community and its 

observatory ranged from 0 to 28 km (average, 11.3 km). 

Meteorological variables used were annual cumulative 

rainfall (mm) and mean daily temperature for 1 year (°C). All 

data were derived from the Agency’s web site
28

. The data for 

each variable were obtained for every year between 1995 

and 2005, and the average value of the 11 years was used for 

analysis. Rainfall and temperature were measured according 

to 0.5 mm and 0.1
°
C, respectively. 

 

Geographic and demographic variables 

 

For each community, the population data regarding 

population size, the ‘elderly rate' (those aged ≥65 years) and 

population density; and the area data of latitude, longitude 

and altitude, were extracted from Social and Demographic 

Statistics: the Whole Nation Municipality-level Area Data 

(Sinfonica, Tokyo, Japan), which was compiled from a 

number of national censuses. The population and elderly 

population data used in the present study was the average of 

that collected in the census years of 1990, 1995 and 2000. 

Due to massive mergers of municipalities that began in 2004, 

population data for 2005 was not available for some 

communities, and therefore it was not used at all. Population 

density was calculated as persons per km[2]. The elderly rate 

was presented as the percentage of elderly people in the 

whole population. The geographic parameters referred to in 

this article include the area, altitude, latitude and longitude 

of a community. Demographic parameters indicate 

population size, density, and the elderly rate. 
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Follow up 

 

Repeat examinations (part of the national mass-screening 

program) were used to follow up most subjects on an annual 

basis. Subjects who did not present for screening 

examination were contacted by mail or phone. Those 

examined were asked whether they had experienced a stroke 

since enrolling, and all who answered in the affirmative were 

contacted by the present investigators. Any required 

information was obtained from subjects by visiting public 

health nurses. The treating hospital records of those with a 

history of stroke were checked to determine if these subjects 

were hospitalized for any reason. If a stroke-related incident 

was suspected, pertinent CT and/or MRI images were 

obtained for diagnostic confirmation of stroke. 

 

Diagnostic criteria 

 

Diagnosis was determined independently, by means of a 

diagnosis committee composed of a radiologist, a neurologist 

and two cardiologists. A diagnosis of stroke was determined 

on the basis of the presence of a focal and non-convulsive 

neurological deficit, of clear onset, lasting for 24 hours or 

longer. Stroke subtypes were confirmed based on CT and/or 

MRI imaging in all cases except for two (1.1%), whose 

images were unavailable (in those cases the diagnosis was 

based on local hospital medical records only). The subtype 

classification was conducted according to the criteria of the 

National Institute of Neurological Disorders and Stroke29. 

 

Statistical analysis 

 

Statistical analyses were carried out using SPSS for 

Windows, v 11.5 (SPSS Inc; Chicago, IL, USA). Continuous 

variables were compared among communities using 

ANOVA. Categorical variables were compared using the χ
2
 

test.  

 

Because the data consisted of individual-level data nested 

within community-level data, it formed a multilevel 

structure30. Multilevel logistic regression analysis was 

conducted using the statistical package MLwiN v 2.14 

(Centre for Multilevel Modelling, University of Bristol, UK). 

The regression analysis was performed with a random 

intercept and fixed slopes model. For evaluation of the 

association between stroke incidence and each of the 

geographic and demographic parameters, three separate 

models were generated for each sex: Model 1 was adjusted 

for age; Model 2 was adjusted further for BMI, current 

smoking status, total cholesterol, hypertension, diabetes and 

final graduation age; and Model 3 was adjusted even further 

for temperature and rainfall. The results were expressed as 

odds ratios (OR) and 95% confidence intervals (CI). 

 

Conversely, for evaluating the influence of 

geographic/demographic factors on weather–stroke 

association, a similar multilevel regression analysis was 

conducted and the ORs of temperature (per 1
°
C) and annual 

rainfall (per 1000 mm) were calculated, adjusted for all 

individual-level risk factors and a geographic/demographic 

factor, which was significantly associated with stroke 

incidence in Model 1, 2 or 3 in the above analysis. 

 

A second-order, penalized, quasi-likelihood procedure was 

used to estimate the multilevel regression coefficients. 

Variance of the intercept in the two-level null random 

intercept model without any explanatory variable was 

recognized as the between-area variance. In all statistical 

tests p<0.05 was considered significant. 

 

Ethical approval 

 

The study design and procedure were approved by the 

government of each community and the Ethical Committee 

of Epidemiologic Research at Jichi Medical University, 

Japan. 

 

Results 

 

Among the eligible study subjects, 95 declined follow up, 

and seven could not be followed up, providing a participant 

total of 12 276 (4807 men and 7469 women), 99.2%. 

Participants’ mean age at baseline survey was 55.2 years for 
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men and 55.3 years for the women. Mean follow-up duration 

was 10.7 years. 

 

The individual-level and community-level variables for each 

community are shown (Table 1). For all individual-level 

variables, significant differences were observed among the 

communities. The stroke incidence among communities was 

between 1.3 and 6.2 per 1000 person-years. The between-

area variance for total incidence of stroke was 0.180 (95% 

CI: -0.031-0.392) in men, and 0.305 (-0.002-0.632) in 

women; the variance of cerebral infarction was 0.233  

(-0.043-0.509) in men and 0.346 (-0.060-0.752) in women; 

and the variance of cerebral hemorrhage was 0.113 (-0.175-

0.401) in men, and 0.567 (-0.221-1.355) in women. 

 

Associations between geographic/demographic parameters 

and total stroke incidence are shown for men and women 

(Table 2). In men, area was associated with increased risk of 

total stroke in Model 1, but there was no statistical significance in 

Model 2 or Model 3. In women, low population, low population 

density, and high altitude increased the risk of stroke both in 

Model 1 and Model 2. However, in Model 3, where explanatory 

variables were adjusted for meteorological parameters, there was 

no statistical significance for population, population density or 

altitude.  

 

Conversely, the association between each meteorological 

parameter and stroke in women was significant, even after 

adjustment for all individual-level risk factors and each of 

the three geographic/demographic factors (altitude, 

population density and population) (Table 3). This indicates 

that the weather–stroke association is stronger than the 

geography/demography–stroke association. The exception is 

the association of rainfall when adjusted for individual-level 

risk factors and altitude, which was not significant. 

 

Relationships between geographic/demographic factors and 

cerebral infarction are shown (Table 4). In men, no factor 

was positively or negatively attributed to the incidence of 

cerebral infarction. In women, low population, low 

population density and high altitude were associated with an 

increased risk of cerebral infarction in Model 1, but there 

was no significance for population or population density in 

Model 2. Altitude was not significant in Model 3. 

 

Table 5 shows the association of each meteorological factor 

with cerebral infarction when adjusted for each 

geographic/demographic factor. When adjusted for altitude, 

the association between meteorological factors and cerebral 

infarction was not significant, but when adjusted for 

population, the association was significant. When adjusted 

for population density, only the association of rainfall was 

significant. 

 

The association of each geographic/demographic factor with 

cerebral hemorrhage was evaluated (not shown in tables). In 

both men and women, high latitude was associated with 

increased risk in Model 1 (OR 1.19, 95% CI: 1.01-1.40 in 

men; OR 1.30, 95% CI: 1.02-1.67 in women), but not in 

Model 2 or Model 3. 

 

Discussion 
 

Women who lived in communities with smaller populations 

or a lower population density had a higher incidence of 

stroke, and this was independent of individual-level risk 

factors such as age, hypertension and diabetes. There was no 

significant association, however, when adjustment was made 

for meteorological parameters. Conversely, the association 

of meteorological parameters with stroke remained 

significant for individual-level factors and 

geographic/demographic parameters of the community, even 

after adjustment. 

 

There was variation among communities in the incidence 

and mortality of stroke. In men, age-adjusted stroke 

mortality per 100 000 population was highest at 84.0 in 

Aomori prefecture, and lowest at 49.6 in Wakayama and 

Nara prefectures (relative gap between highest and lowest 

values: 1.7). In women, the highest was in Tochigi prefecture 

(46.4) and the lowest in Okinawa prefecture (23.1) (relative 

gap: 2.0). The geographic gap for stroke mortality was larger 

than that of other major causes of death, such as heart 

diseases, malignant neoplasms and pneumonia31. 
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Table 1:  Characteristics of participating communities 

 
Variable Iwaizumi Tako Yamato Kuze Takasu Wara Sakuma Hokudan Sakugi Ohkawa Shingu Akaike P 

value* 

Individual level 

Subjects 1088 2837 2381 446 1403 1352 297 1119 386 205 133 629  

Male (%) 383 

(35.2) 

1142 

(40.3) 

732 

(30.7) 

163 

(36.5) 

607 

(43.3) 

608 

(45) 

99 

(33.3) 

532 

(47.5) 

162 

(42) 

90 

(43.9) 

68 

(51.1) 

221 

(35.1) 

<0.001 

Age-years (SD) 57.2  

(8) 

55.5 

(8.6) 

51.7 

(13.3) 

57.5 

(8.6) 

53.6 

(14.4) 

58.2 

(13) 

62.6 

(9.5) 

54.1 

(13.3) 

57  

(9) 

58.6 

(8.2) 

59.2 

(7.1) 

54.7 

(9.5) 

<0.001 

Length of 

follow up-years 

(SD) 

10.7 

(0.1) 

11.4 

(0.0) 

10.3 

(0.0) 

11.3 

(0.1) 

11.8 

(0.1) 

10.9 

(0.1) 

10  

(0.2) 

10.7  

(0.1) 

10.7 

(0.1) 

9.4  

(0.1) 

11.1 

(0.2) 

10.9 

(0.1) 

<0.001 

Stroke (/1000 

person-years) 

56 

(4.8) 

70 

(2.2) 

65  

(2.6) 

22 

(4.4) 

74  

(4.5) 

92 

(6.2) 

17  

(5.7) 

15  

(1.3) 

6  

(1.5) 

9  

(4.7) 

6  

(4.1) 

18 

(2.6) 

<0.001 

Cerebral 

infarction 

30  

(2.6) 

48 

(1.5) 

36  

(1.5) 

15  

(3) 

54  

(3.3) 

58 

(3.9) 

14  

(4.7) 

9  

(0.8) 

3  

(0.7) 

6  

(3.1) 

5  

(3.4) 

12 

(1.7) 

 

 Cerebral 

hemorrhage 

20  

(1.7) 

15 

(0.5) 

17  

(0.7) 

6  

(1.2) 

10  

(0.6) 

20 

(1.4) 

1  

(0.3) 

4  

(0.3) 

1  

(0.2) 

3  

(1.6) 

1  

(0.7) 

4  

(0.6) 

 

Subarachnoid 

hemorrhage 

6  

(0.5) 

7  

(0.2) 

12  

(0.5) 

1  

(0.2) 

10  

(0.6) 

14 

(0.9) 

1  

(0.3) 

2  

(0.2) 

2  

(0.5) 

0 0 2  

(0.3) 

 

Unclassified 0 0 0 0 0 0 1 (0.3) 0 0 0 0 0  

Current smoker 

(%) 

185 

(17.0) 

549 

(19.4) 

556 

(23.4) 

111 

(24.9) 

316 

(22.5) 

283 

(20.9) 

59 

(19.9) 

301 

(26.9) 

72 

(18.7) 

33 

(16.1) 

36 

(27.1) 

134 

(21.3) 

<0.001 

Diabetes (%)† 47  

(4.3) 

53 

(1.9) 

105 

(4.4) 

28 

(6.3) 

56  

(4) 

67  

(5) 

15  

(5.1) 

20  

(1.8) 

14 

(3.6) 

10  

(4.9) 

2  

(1.5) 

25  

(4) 

<0.001 

Body mass 

index (SD) 

24.7 

(3.5) 

23.1 

(2.8) 

22.9 

(3.1) 

23.3 

(3.2) 

23.2 

(3.1) 

22.4 

(2.8) 

22.1 

(2.8) 

23  

(3) 

23 

(2.7) 

23.3 

(3.6) 

22.4 

(3) 

22.7 

(2.9) 

<0.001 

Hypertension 

(%)†† 

530 

(48.7) 

781 

(27.5) 

600 

(25.2) 

162 

(36.3) 

512  

( 36.5) 

388 

(28.7) 

111 

(37.4) 

426 

(38.1) 

167 

(43.3) 

74 

(36.1) 

58 

(43.6) 

230 

(36.6) 

<0.001 

Systolic blood 

pressure, 

mmHg (SD) 

135.4 

(22.3) 

130.4 

(17.2) 

120.8 

(19) 

130.4 

(20) 

133.1 

(22.5) 

127.9 

(21.3) 

130.2 

(22.3) 

132.4 

(21.7) 

134.9 

(21.3) 

128.9 

(24.6) 

135.1 

(23.1) 

132 

(21.8) 

<0.001 

Total 

cholesterol, 

mg/dL (SD) 

188.5 

(32.5) 

192.5 

(34.5) 

187.2 

(34.9) 

194.9 

(36.2) 

187.6 

(35.3) 

191.8 

(32.7) 

197 

(35.1) 

197.4 

(36.3) 

206.9 

(33.1) 

190 

(34.9) 

192 

(36.3) 

204.2 

(36.9) 

<0.001 

Community level 

Population 13963 17829 15667 1597 3476 2421 6743 10783 2102 669 19050 9969  

Area (km2) 99290 7268 13091 9433 10371 10019 16853 5107 9192 9528 1887 1620  

Population 

density 

(persons/km2) 

0.14 2.45 1.20 0.17 0.34 0.24 0.40 2.11 0.23 0.07 10.10 6.15  

Elderly rate 

(%)§ 

26.9 24.3 22.2 35.4 26.0 33.1 35.1 28.5 41.8 35.6 15.0 23.4  

Latitude 39.8 35.8 37.2 35.6 35.9 35.7 35.1 34.5 34.9 33.8 33.8 33.7  

Longitude 141.8 140.5 138.9 136.5 136.9 137.1 137.8 134.9 132.7 133.5 130.4 130.8  

Altitude (m) 110 43 130 115 550 380 150 30 150 350 10 42  

Annual rainfall 

(mm) 

1104.1 1401.

5 

2317.3 3314.

4 

3165.9 2691.4 2202.4 1147.4 1505.6 3239.1 1580.5 1726.9  

Temperature 

(oC)|| 

10.2 
15.0 

11.7 12.8 11.5 12.7 14.7 16.2 13.4 12.0 15.9 16.0  

*Continuous variables were compared among communities using ANOVA, and categorical variables using chi-squared test. 
†Those with currently-treated diabetes, plasma glucose ≥126 mg/dlL after overnight fasting, or casual blood glucose ≥200 mg/dL. 
††Those with currently-treated hypertension, systolic blood pressure ≥140 mmHg, or diastolic blood pressure ≥ 90 mmHg. 
§Proportion of those who are 65 years old or older among the whole population. 
|| Mean daily temperature per year. 
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Table 2:  Association of each geographic/demographic factor with stroke incidence in men and women 

 

Model  

OR (95%CI) 

Factor 

1† 2¶ 3§ 

Men 

Population (per 1000) 1.01 (0.97-1.05) 1.01 (0.97-1.05) 1.03 (0.98-1.09) 

Area (per 1000 km2) 1.01* (1.00-1.01) 1.00 (1.00-1.01) 1.01 (1.00-1.03) 

Pop density (per 1/km2) 1.02 (0.92-1.12) 1.02 (0.93-1.13) 1.08 (0.96-1.22) 

Elderly rate (per 1) 0.99 (0.96-1.02) 0.99 (0.96-1.02) 0.99 (0.96-1.02) 

Latitude (per 1) 1.11 (0.99-1.24) 1.07 (0.93-1.22) 1.42 (0.95-2.11) 

Longitude (per 1) 1.04 (0.97-1.11) 1.03 (0.96-1.11) 1.04 (0.95-1.14) 

Altitude (per 100 m) 1.02 (0.89-1.16) 1.00 (0.87-1.15) 0.90 (0.73-1.11) 

Women 

Population (per 1000) 0.96* (0.92-1.00) 0.97* (0.94-1.00) 0.99 (0.95-1.02) 

Area (per 1000 km2) 1.01 (0.99-1.02) 1.00 (0.99-1.01) 1.01 (1.00-1.02) 

Pop density (per 1/km2) 0.83* (0.71-0.97) 0.85* (0.74-0.97) 0.98 (0.85-1.14) 

Elderly rate (per 1) 1.01 (0.97-1.06) 1.01 (0.97-1.04) 1.01 (0.98-1.03) 

Latitude (per 1) 1.15 (0.96-1.37) 1.10 (0.94-1.27) 1.10 (0.79-1.54) 

Longitude (per 1) 1.06 (0.96-1.17) 1.04 (0.96-1.13) 1.03 (0.95-1.12) 

Altitude (per 100 m) 1.26* (1.12-1.41) 1.18* (1.09-1.28) 1.07 (0.94-1.23) 
†Model 1:  adjusted for age; ¶Model 2:  Model 1 + current smoking, hypertension, diabetes, BMI, total cholesterol, and age of  

final graduation; §Model 3: Model 2 + temperature and rainfall. 

*Significant. 

 
 

 

Table 3:  Association of each meteorologic factor with stroke incidence in women adjusted for individual-level and 

geographic/demographic factor 

 
Adjusted factor† 

OR (95%CI) 

 Meteorologic factor  

Altitude Population density Population 

Rainfall (per 1000 mm) 1.18 (0.85-1.62 ) 1.35* (1.08-1.68 ) 1.41* (1.06-1.88 ) 

Temperature (per 1�) 0.89* (0.81-0.99 ) 0.87* (0.76-0.98 ) 0.85* (0.78-0.94 ) 

†Adjusted for age, current smoking, hypertension, diabetes, BMI, total cholesterol, age of final graduation and one of  

three geographic/demographic factors (altitude, population density or population).  

*Significant. 

 
 

As a potential cause of the geographic disparity in stroke 

incidence or mortality, the demographic characteristics of a 

community, such as rurality, are increasingly of interest to 

researchers. A study from Japan revealed that women 

residing in municipalities with a population of less than 

30 000 had a higher risk of stroke death (odds ratio 1.68), 

compared with women in municipalities with a population of 

more than 300 000, even after adjustment for traditional risk 

factors (eg age, BMI, cholesterol, diabetes, hypertension, 

smoking status and alcohol drinking)
12

. Because the present 

study was not based on incidence data, it is not clear whether 

the higher mortality in rural areas was due to a higher stroke 

incidence or a lower survival rate of stroke patients. The 

present study showed similar results for stroke incidence, 

suggesting that the previously reported higher stroke 

mortality for rural women was derived, at least partially, 

from their higher incidence of stroke. That is, living in a 

rural area may increase the risk of stroke in women. Another 

Japanese study showed that the age-adjusted incidence of 

stroke in a rural community has been consistently higher 

than in an urban community since 1964
32

. 
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Table 4:  Association of each geographic/demographic factor with cerebral infarction incidence in men and women 

 
Model  

OR (95%CI) 

Factor 

1† 2¶ 3§ 

Men 

Population (per 1000) 1.01 (0.96-1.05 ) 1.01 (0.96-1.05 ) 1.04 (0.99-1.10 ) 

Area (per 1000 km2) 1.00 (0.99-1.01 ) 1.00 (0.99-1.01 ) 1.01 (0.99-1.03 ) 

Pop density (per 1/km2) 1.04 (0.93-1.16 ) 1.04 (0.93-1.16 ) 1.11 (0.98-1.26 ) 

Elderly rate (per 1) 0.98 (0.95-1.02 ) 0.99 (0.95-1.03 ) 0.98 (0.95-1.02 ) 

Latitude (per 1) 1.05 (0.90-1.23 ) 1.02 (0.86-1.20 ) 1.34 (0.85-2.11 ) 

Longitude (per 1) 1.02 (0.94-1.10 ) 1.01 (0.93-1.10 ) 1.03 (0.93-1.15 ) 

Altitude (per 100 m) 1.03 (0.89-1.20 ) 1.01 (0.86-1.19 ) 0.88 (0.71-1.10 ) 

Women 

Population (per 1000) 0.95* (0.91-1.00 ) 0.97(0.94-1.00 ) 1.00 (0.95-1.04 ) 

Area (per 1000 km2) 1.01 (0.99-1.02 ) 1.00(0.99-1.01 ) 1.01 (1.00-1.03 ) 

Pop density (per 1/km2) 0.80* (0.66-0.97 ) 0.88(0.74-1.04 ) 0.97 (0.80-1.19 ) 

Elderly rate (per 1) 1.01 (0.97-1.06 ) 1.00(0.96-1.04 ) 1.00 (0.96-1.03 ) 

Latitude (per 1) 1.11 (0.91-1.35 ) 1.04(0.89-1.23 ) 1.29 (0.79-2.10 ) 

Longitude (per 1) 1.05 (0.94-1.18 ) 1.04(0.95-1.14 ) 1.08 (0.96-1.22 ) 

Altitude (per 100 m) 1.24* (1.13-1.37 ) 1.17*(1.05-1.31 ) 1.09 (0.91-1.31 ) 
†Model 1:  adjusted for age; ¶Model 2:  Model 1 + current smoking, hypertension, diabetes, BMI, total cholesterol, and  

age of final graduation; §Model 3: Model 2 + temperature and rainfall. 

*Significant. 

 
 

 

Table 5:  Association of each meteorologic factor with incidence of cerebral infarction in women adjusted for individual-

level and geographic/demographic factors 

 
Adjusted factor† 

OR (95%CI) 

 Meteorologic factor  

Altitude Population density Population 

Rainfall (per 1000 mm) 1.18 ( 0.76-1.85) 1.38* (1.02-1.86 ) 1.44* (1.00-2.13) 

Temperature (per 1�) 0.96 (0.83-1.10) 0.92 (0.77-1.10) 0.91* (0.82-1.00) 

†Adjusted for age, current smoking, hypertension, diabetes, BMI, total cholesterol, age of final graduation and one of  

three geographic/demographic factors (altitude, population density or population). 

*Significant. 
 

 

In the present study, the association between living in a rural 

community and stroke was independent of traditional risk 

factors. However, previous studies have not accounted for 

the confounding effect of potential community-level risk 

factors, such as weather. This study showed that the link 

between living in a rural area and stroke in women could be 

explained by the link between weather and stroke; while the 

link between weather and stroke was robust against the 

influence of rurality. Thus, the geographic disparity of stroke 

incidence in women may be explained by the difference in 

weather conditions among communities, rather than by 

urban–rural residence differences. No plausible underlying 

mechanism has been identified for the association between 

rural living and stroke. However, low temperature is known 

to cause an increase in coagulation-related factors such as 

fibrinogen and factor VII
33

, an elevation in blood pressure
34-36

, 

an exacerbation of hemoconcentration37,38, and an increase in 

plasma lipids
39

, which can cause thromboembolic disease, 

including stroke. 



 

 

© M Matsumoto, S Ishikawa, E Kajii, 2010.  A licence to publish this material has been given to James Cook University  9 

 

In this and a previous study it was reported that, in terms of 

stroke incidence, women were more vulnerable to 

meteorological factors than men
25

. A possible explanation 

for this sex difference may be women's greater vascular 

reaction to cold exposure, due to estrogen-induced increased 

adrenergic alpha 2C-receptor activity
40-43

. However, because 

most of the female stroke cases in our study were post-

menopausal, with a consequent low level of blood estrogen, 

the reasons for the sex difference are unclear. 

 

A limitation of this study is the small number of 

communities
12

. This, and the rural-bias of those 

communities, makes it difficult to generalize the study 

results to other areas of Japan. In addition, the limited 

number of communities decreases the power to detect 

significant difference among them. Indeed, the absence of a 

significant association between geographic/demographic 

variables and stroke incidence in Model 3 may be explained 

by the limited statistical power. Another limitation is that the 

weather–stroke association seen in this study may be 

confounded by unmeasured community-level variables (such 

as local industries types). These issues can be clarified in 

future studies involving a larger number of communities. 

 

As a geographic parameter, altitude was significantly 

associated with stroke incidence in women. The association 

was absent in Model 3 and, therefore, it may be confounded 

by weather conditions. The associations between weather 

parameters and stroke were not present when adjusted for 

altitude. So, as was expected, altitude and weather conditions 

are likely to have strong correlations. 
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