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Abstract

Background: Mapping the spatial distribution of disease occurrence is a strategy to identify contextual factors that
could be useful for public health policies. The purpose of this ecological study was to examine to which extent the
socioeconomic deprivation and the urbanization level can explain gender difference of geographic distribution in
stroke incidence in Pays de Brest, France between 2008 and 2013.

Methods: Stroke cases aged 60 years or more were extracted from the Brest stroke registry and combined at the
census block level. Contextual socioeconomic, demographic, and geographic variables at the census block level come
from the 2013 national census. We used spatial and non-spatial regression models to study the geographic correlation
between socioeconomic deprivation, degree or urbanization and stroke incidence. We generated maps using spatial
geographically weighted models, after longitude and latitude smoothing and adjustment for covariates.

Results: Stroke incidence was comparable in women and men (6.26 ± 3.5 vs 6.91 ± 3.3 per 1000 inhabitants-year,
respectively). Results showed different patterns of the distribution of stroke risk and its association with deprivation or
urbanisation across gender. For women, stroke incidence was spatially homogeneous over the entire study area, but was
associated with deprivation level in urban census blocks: age adjusted risk ratio of high versus low deprivation = 1.24, [95%CI
1.04–1.46]. For men, three geographic clusters were identified. One located in the northern rural and deprived census blocks
with a 9–14% increase in the risk of stroke. Two others clusters located in the south-eastern (mostly urban part) and south-
western (suburban and rural part) with low deprivation level and associated with higher risk of stroke incidence between (3
and 8%) and (8.5 and 19%) respectively. There were no differences in profile of cardiovascular risk factors, stroke type and
stroke severity between clusters, or when comparing clusters cases to the rest of the study population.
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Conclusions: Understanding whether and how neighborhood and patient’s characteristics influence stroke risk may be
useful for both epidemiological research and healthcare service planning.

Keywords: Stroke, Socioeconomic factors, Urban rural, Incidence, geographically weighted regression (GWR), spatial
variations

Background
Stroke remains a devastating disease in Europe despite
major therapeutic improvements in the recent decades. At
the beginning of the twenty-first century, the age-
standardized stroke incidence in Europe ranged from 95
to 290 individuals per 100,000 inhabitants-year. However,
the expected number of patients who will have a stroke
each year will inevitably continue to rise due to population
ageing. In France, in 2014, the age-standardized rate of
hospital stroke admission was 167.9 per 100,000 and was
1.5 times higher in men than in women [1]. Stroke consti-
tutes the first cause of mortality among women and the
third among men, the age-standardized in hospital mortal-
ity rate was 14.3% in 2014. Moreover, it is a leading cause
of serious disability. A study by the French national health
insurance database suggests that in 2013 the cost of stroke
care amounted to 3.5 billion € [2].
Stroke incidence is influenced by demographic, socio-

economic status (SES), and geographic factors [3–7].
Previous studies have investigated the association be-
tween stroke incidence and contextual SES level alone
or after controlling for individual SES characteristics [8].
They found higher risk of stroke in groups with lower
income [9–11] and education levels [12, 13], and in
groups with higher deprivation levels [6, 14–17]. Epide-
miologic studies reveal a clear age-by-sex interaction in
stroke prevalence, incidence, and mortality [18].
In France, previous studies showed that the Brittany

region (western part of France) had the highest ischemic
stroke incidence in 2014 (137.9/100,000) [19], and dem-
onstrated geographic variations with one cluster of high
incidence in Brittany [20]. Level of access to primary
care could determine these geographic variations. In-
deed, stroke clustering in specific areas might be partly
explained by the influence of material infrastructures
and healthcare services, behavior and healthcare con-
sumption [21, 22]. In 2016, a meta-analysis showed that
poor social support was associated with a 32% increase
in the risk of stroke [23], and Otto et al. suggested that
social support is related to the urbanization level of the
residential neighborhood [15].
Most stroke registries are based in urban settings. To

our knowledge the French Brest Stroke Registry provides
a unique opportunity to identify variations in stroke inci-
dence along the rural-urban gradient. Indeed, it is im-
portant to understand whether and how neighborhood

characteristics influence the stroke risk in order to de-
velop policies for its prevention and management in
urban and also in remote rural areas [13, 24]. The objec-
tives of this study were. i) To analyse the spatial distribu-
tion of stroke incidence at the census block level in Pays
de Brest. ii) To examine whether stroke incidence is as-
sociated with contextual determinants as socioeconomic
deprivation and urbanization degree. iii) To assess
whether patient characteristics varied inside and outside
high-incidence stroke clusters when detected. Because of
evidence of differences in the physiopathology and epi-
demiology of stroke across gender, we explore these
questions separately in men and women [18].

Methods
Study setting
The study is an ecological study based on the area cov-
ered by the Brest Stroke Registry (BSR) which includes
79 municipalities. The BSR is set in the French Pays de
Brest administrative region, (Fig. 1) located in the west-
ern part of Brittany. This area is of particular interest be-
cause it contains both rural and urban areas and their
urban landscapes are contrasted in terms of certain sig-
nificant demographic and socioeconomic characteristics.
The municipalities within the study area are subdi-

vided in 174 census blocks which represents the spatial
unit of analysis in this study. Census blocks are small
geographic areas that contain around 2000 inhabitants.
These statistical entities are designed to be relatively
homogeneous in terms of population characteristics, so-
cioeconomic status and living conditions [25].

Data collection
Stroke cases
For the present ecological study, we included all incident
cases of ischemic and hemorrhagic stroke that occurred
in ≥60-year-old registered in the BSR between 1 January
2008 and 31 December 2013. Cases were aggregated at
the census block level using their home address. We de-
cided to focus on cases aged 60 years or more because
very few stroke occurs in the younger active population
and their inclusion was likely to increase statistical noise
in an analysis at census block level. The Brest Stroke
Registry is an ongoing prospective community-based
stroke registry covering a population of 366,000 inhabi-
tants. Since 2008, it operates using multiple information
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sources for the identification of stroke cases: public and
private hospitals, radiology clinics that perform brain
imaging, neurologists, and general practitioners. A valid-
ation committee confirms the identified cases. An evalu-
ation of BSR performance based on capture-recapture
analysis suggested a level of completeness in excess of
90% [26]. Two definitions of stroke cases were consid-
ered. The used ICD-10 codes were I63 (cerebral infarc-
tion) and I64 (stroke, not specified): 1) new focal
neurological deficit with symptoms and signs coherent
with a diagnosis of stroke, according to the World
Health Organizations criteria, lasting for more than 24 h
or death in the first 24 h; 2) all neurological focal deficits
lasting at least 1 h or resolving within 1 h, but with ab-
normal brain imaging associated with a clinically rele-
vant picture.
Patients or their legal representatives gave their writ-

ten informed consent for participation. This study was
approved by the local ethics committee. Access is sub-
jected to current data protection guidelines compliance
and prior approval from the national agency for data
protection: “Comité consultatif sur le traitement de l’in-
formation en matière de recherche” and “Commission
nationale informatique et liberté”.
Data extracted from the Brest Stroke Registry to com-

pare the characteristics of patient residing inside and
outside high-incidence stroke clusters were: sociodemo-
graphic data (age and sex); clinical data, including stroke
type (ischemic or hemorrhagic), stroke severity (National

Institute of Health Stroke Score (NIHSS) score < 6, 6–
13, > 13); presence of cardiovascular risk factors before
stroke (high blood pressure, cardiac arrhythmia, dia-
betes, and dyslipidemia). Missing values, which represent
11% for severity and less than 4% for all patients regard-
ing risk factors; were not taking into account in the
analysis.

Socioeconomic and urban-rural contextual effects
First, the level of deprivation for each census block was
estimated using the French deprivation (FDep) index
[27]. This index was defined and evaluated in previous
studies that investigated environmental and health in-
equalities [19]. It was built by performing a Principal
Components Analysis (PCA) using four variables: aver-
age household income, percentage of high school gradu-
ates in the ≤15-year-old population, percentage of
workers in the active population, and unemployment
rate, from the French national census of 2013 collected
by the French National Institute for Statistics and Eco-
nomic Studies (INSEE).
Then, a deprivation & urban-rural index was gener-

ated. The deprivation & urban-rural index was built
using the same method as for the FDep index: PCA and
the same four variables with the addition of a new
urban-rural variable with four classes (urban, suburban,
isolated town, and rural) depending on the number of
towns and inhabitants, using INSEE data (Fig. 1).

Fig. 1 Description of the four deprivation & urban-rural index classes and their geographic distribution in the Pays de Brest administrative region,
France. Maps were created by the authors using ArcGIS software
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Statistical analysis
Stroke incidence risk and standardization
To assess stroke frequency and its spatial distribution in
the different census blocks, the age-standardized stroke
incidence risk with 95% confidence intervals was com-
puted using the indirect standardization method [28].
This procedure ensured that differences in the geo-
graphic distribution of the stroke incidence risk were
not influenced by geographic variations in the age distri-
bution of the population. The stroke incidence risk was
computed as the observed number of stroke cases in all
> 60-year-old individuals during each age-period divided
by the expected cases, reported per census block. The
data on population (by sex and age period) came from
INSEE. The age-standardized stroke incidence risks were
presented per 1000 inhabitants-year.

Ordinary Poisson regression and geographically weighted
Poisson regression models
First, potential associations between stroke incidence
risk and contextual socioeconomic deprivation and
urban-rural level were investigated separately for men
and women using regression models. Data are fitted
using the generalized linear model function with a Pois-
son distribution which is suitable for dealing with nu-
merical data from a small area. As significant
overdispersion was detected in the models for women,
Poisson regression was inappropriate, and negative bino-
mial models were used for all the other analysis in this
group. Second, Koenker (BP) statistic was used to deter-
mine if spatial variability exist in these associations.
When the p value was high, the assumption of station-
arity in the relation throughout the study area was veri-
fied, so the ordinary Poisson or negative binomial model
fitted better the dataset. Alternatively, when the p value
was low (p < 0.10) suggesting evidence of spatial variabil-
ity of the associations, the more suitable Geographic
Weighted Regression method was used.
When there is not a stationarity in the relation

throughout the study area, a local GWR analysis was
carried out. The aim is to determine the existence of
census block clusters with higher or lower risk of stroke
incidence. Local GWR models allowed estimating as
many local regression coefficients as the number of loca-
tions in the study area. For the local Poisson GWR, this
model was built as follows:

Local PoissonGWR : y ¼ Poisson exp ηið Þ½ �
ηi ¼

X
k
βk Ui;Við ÞX k;ið Þ ¼ Xt

i β Uið Þ

where Χ(k,i) and βk are the kth explanatory variable
and its local regression coefficient that is unique to loca-
tion U, respectively. Thus, the regression coefficients
vary based on the spatial location Ui = (ui, vi). The

expected response value of the ith observation, E[yi], is
related to the linear predictor via a Poisson link
function.
To calibrate this equation, a bi-square adaptive weight-

ing kernel function was used to account for the spatial
structure (density, shape, and size of the census blocks),
and the appropriate bandwidth was selected using the
golden section method [29]. Locations near i have a
stronger influence in the estimation of βj(ui,vi) than lo-
cations away from i. In the GWR model, localized par-
ameter estimates can be obtained for any location i,
which in turn allows the creation of a map showing a
continuous surface of parameter values and the investi-
gation of the spatial variability (non-stationarity) of these
parameters. Additionally, the corrected Akaike Informa-
tion Criterion (AICc) and the pseudo-adjusted coeffi-
cient of determination (adjusted R2) were used as
goodness of fit estimation for model comparison. The
GWR models were produced with R using GWmodel
[30] (R Development Core Team, 2011). All map layouts
were created using ArcMap v. 10.5 from ESRI.

Results
Spatial distribution of the stroke risk
We were provided with a dataset for 3870 stroke cases
extracted. Of these, those who have less than 60 years
old were excluded (782 cases). The number of incident
stroke cases aggregated at the census block level was
3088 (1743 women and 1345 men).This corresponds to
an incidence of 6.67 strokes per 1000 inhabitants-year in
Pays de Brest over the period 2008–2013. Although
stroke incidence was comparable in women and men
(6.26 ± 3.5 vs 6.91 ± 3.3 per 1000 inhabitants-year, re-
spectively), the mean age of patients with stroke was sig-
nificantly higher in women than in men (76.5 years ±
12.3 vs 69.1 years ±13.2; p < 0.001).
Stroke incidence in men seems higher mostly in cen-

sus blocks located in the city of Brest and a few census
blocks located far away from the city, in the northern
part. Conversely, stroke incidence in women seems:
showed no geographical pattern (Fig. 2). The FDep index
indicated a south-north deprivation gradient, with lower
deprived census blocks close to the littoral and the city
of Brest, and more deprived blocks in rural and isolated
areas (Fig. 3).

Socioeconomic deprivation as a determinant of stroke
incidence in women
First, the age-standardized stroke incidence risk was sig-
nificantly higher for women living in high deprived and
rural census blocks (Class 2) (1.27 [95%CI 1.09–1.43])
and in high deprived and urban census blocks (Class 4)
(1.24, [95%CI 1.04–1.46]) than for those living in low de-
prived and urban census blocks (Class 3) (Table 1). Our
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study revealed no difference in terms of presence of co-
morbid cardiovascular disease(s) in women according to
the level of deprivation of their census block (Table in
Data Supplement). Moreover, stroke type (around 87%
of ischemic strokes in women) and stroke severity were
comparable in women whatever the deprivation level of

their residential census blocks (around 17 and 12% of
women had moderate/severe stroke, respectively) (Table
in Data Supplement). The Koenker (BP) statistics
showed a stationary relationship between stroke inci-
dence risk and explanatory variables throughout the
study area. For women, the negative binomial model

Fig. 2 Age-standardized stroke incidence risk per 1000 inhabitants-year, in men and women living in the different census blocks of the Pays de
Brest administrative region, France. Maps were created by the authors using ArcGIS software

Fig. 3 Spatial distribution of the deprivation level (FDep index) in the different census blocks within the Pays de Brest administrative region,
France. The map was created by the authors using ArcGIS software
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with the deprivation & urban-rural index was the best
model, showing the smallest AICc.

Clusters of high stroke incidence risk in men
In contrast with women, there was in men evidence of
spatial variations of the association between deprivation
level and stroke risk. The Koenker (BP) statistics after
the Poisson model indicated a statistically significant
lack of stationarity. Therefore, the Poisson model was
not appropriate, and GWR models were used. This was
confirmed by the higher pseudo R2 value for the GWR
models than for the Poisson models (R2 = 12.6% vs R2 =

0.5%) and the lower AICc for small samples (AICc =
593.8 vs AICc = 808.7, respectively).
Three census block clusters with higher risk of stroke

incidence were identified (Fig. 4). Cluster 1, in the north-
ern and rural part of the Pays de Brest region (mainly
class 2 census blocks), was associated with a 9–14% in-
crease in the risk of stroke. In Cluster 2, located in the
south-eastern part and composed of suburban, isolated
and rural census blocks (classes 1 and 2), low
deprivation level was associated with higher risk of
stroke incidence (between 8.5 and 19%). In Cluster 3, lo-
cated in the south-western part (Pays de Brest and Pays

Table 1 Modeling the association between deprivation, urban-rural gradient, and stroke incidence

Women Negative Binomial models

Coefficients p value Goodness
of fit

FDep index

Intercept 0.002

FDep index −0.025 0.11

AICc a 883.1

Pseudo R-square value b 1.5%

Deprivation & Urban-rural index

Intercept −0.08

Class 1: Low deprived in suburban or isolated towns 0.016 0.82

Class 2: High deprived in rural areas 0.237 < 0.001

Class 3: Low deprived in urban areas REF

Class 4: High deprived in urban areas 0.212 0.01

AICc a 872.3

Pseudo R-square value b 7.9%
a Corrected Akaike Information Criterion often used for small number of observational data
b R square value = percentage of deviance explained by the model

Fig. 4 Clusters of higher risk of stroke incidence and deprivation map using GWR models. Negative deprivation scores indicate progressively
higher deprivation levels, thus stroke incidence rate is negatively associated with high deprivation levels (negative scores) in Cluster 1 and
positively associated with low deprivation levels (positive scores) in Clusters 2 and 3. The map was created by the authors using ArcGIS software
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d’Iroise) and composed of urban and suburban census
blocks, low deprivation was associated with higher risk
of stroke incidence (between 3 and 8%).

Comparison of male patient characteristics in the
different clusters
The frequency of cardiovascular risk factors (hyperten-
sion, cardiac arrhythmia, diabetes, and dyslipidemia) was
comparable among the three clusters and was similar to
that of the rest of the study area (Table 2). No difference
was observed concerning stroke type (> 88% of ischemic
stroke cases in the three clusters and outside) and also
stroke severity (29.9, 22.6 and 23.5% of patients with
moderate/severe stroke in the three higher risk clusters;
26.5% in the rest of the study area; p = 0.49).

Discussion
First, we have demonstrated some gender differences
and specificities in stroke incidence. For women, the
stroke incidence risk was homogeneous in the entire
study area, whatever the degree of urbanization, but
seemed to be influenced by the deprivation level. For
men, three census block clusters with higher risk of
stroke incidence were identified. The degree of
urbanization and the deprivation level of the census
blocks where men lived influenced the unequal distribu-
tion of stroke incidence. The incidence risk differences
in men were not explained by the patients’ characteris-
tics. Our study confirm that stroke affect men and
women differently. A review from Wilson et al., examine
the potential mechanisms underlying these differences

and determine that there is a complex interaction be-
tween hormonal, genetic, and unknown factors [31].
For women, our study confirmed that the census block

socioeconomic level explains a large portion of stroke in-
cidence risk in women. Conversely, the stroke incidence
risk was the same for women living in rural and urban
areas. Census blocks with low socioeconomic level are
characterized by lower education level and higher pro-
portion of workers/farmers and of unemployment. Previ-
ous Swedish studies reported an increased risk of stroke
in women with low annual income, but not in men [32],
and a strong gradient in the stroke incidence risk in
function of the years of education for women [33]. We
could hypothesize that effect of local deprivation on
stroke incidence risk in women is partly mediated by the
higher prevalence of health-damaging behaviors, particu-
larly cigarette smoking, poor dietary habits, sedentary
lifestyle, obesity and alcohol [8], and reduced use of
healthcare services in deprived neighborhoods [34]. Al-
though it is known that medically oriented diet changes
[35] and the consumption of healthy food are beneficial,
awareness/implementation of such changes may be more
challenging in deprived neighborhoods. Whereas the
stroke incidence risk seemed to be influenced by the
deprivation level of their census block, the presence of
comorbid cardiovascular disease(s), stroke type and
stroke severity, were similar according to the level of
deprivation (Table in Data Supplement). Moreover, pre-
vious studies have investigated and demonstrated the
possible strategy for stroke prevention of postmeno-
pausal hormone replacement therapy (HRT) [36]. After
the menopause, the incidence of these entities increases

Table 2 Male patient characteristics in the three stroke clusters and in the rest of the study area

Cluster 1 Cluster 2 Cluster 3 Rest of the study area

Number of patients within N = 57 N = 31 N = 644 N = 588

Sociodemographic features

Age (mean ± SD) 77.5 ± 8.1 74.4 ± 8.2 76.3 ± 8.6 76.3 ± 8.6

Cardiovascular risk factors (%)b

Dyslipidemia 22.8 29.1 38.7 39.3

Diabetes 8.8 0 16.9 14.5

Cardiac arrythmia 28.1 12.9 23.5 25.9

High blood pressure 63.2 58.1 58.9 60.2

Stroke type (%)

Ischemic 89.5 93.5 87.9 89.9

Hemorrhagic 10.5 6.5 11.7 10.1

Stroke severity, NIHSS (%)a,b

Minor (0 to 5) 70.2 77.4 76.6 73.5

Moderate (6–13) 24.6 12.9 15.4 16.8

Severe (≥14) 5.3 9.7 8.1 9.7
aNational Institute of Health Stroke Score (NIHSS)
bMissing values: 11% for severity and less than 4% for all patients regarding risk factors.
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and this is related, among other causes, to the loss of the
protective effect exerted by estrogens. Women with
higher socioeconomic status are more likely to use hor-
mone therapy with healthier lifestyles [37].
In our study, location of residence was a strong deter-

minant of stroke incidence risk for men, and three clus-
ters with high stroke incidence were detected. Stroke
incidence was higher for men located in a rural cluster
composed mostly of deprived census blocks (Cluster 1).
Previous studies demonstrated that rural and lower so-
cioeconomic populations face barriers, such as shortages
of healthcare professionals, lack of health insurance,
transportation difficulties, later presentation, poor up-
take of preventive or screening procedures, disparities in
knowledge of risk reduction practices and geographic
distance [38]. Dobson et al. concluded that people in
rural areas may be exposed to a double disadvantage:
poor health services and higher exposure to health haz-
ards [38]. Previous studies have shown that social or
geographic ‘barriers’ are likely to contribute towards ac-
cess to a specialist care unit [39].
The risk of stroke incidence was higher also for men

living in suburban and urban census blocks in the south-
ern part of Pays de Brest (clusters 2 and 3). The environ-
mental profiles of these census blocks are quite
heterogeneous. Cluster 3 is composed by some urban
census blocks close to the specialist care unit in the city
of Brest but these are mostly deprived with higher pro-
portions of workers, higher unemployment rates, and
lower education levels. Cluster 2 was composed mostly
of rural and census blocks located in pays de Lander-
neau. We suppose that location of residence in rural
areas is a strong determinant of easy access to healthcare
and use of healthcare services.
Finally, our study did not find any difference in the

presence of comorbid cardiovascular disease and in
stroke severity in men within the three clusters. A recent
study in Pays de Brest reported similar results: risk fac-
tors and stroke type and severity were comparable
among urban categories in both sexes [40]. An interpret-
ation of these findings is that a similar combination of
risk factors led to stroke occurrence within and outside
clusters. Whether risk factors prevalence varies in the
underlying populations, can only be explored on repre-
sentative sample of the entire (affected and non-affected)
population.
Local Poisson GWR models can be a valuable tool to

explore the complex relationships between stroke (or
other chronic diseases) and risk factors, when previous
studies demonstrated spatial variability [20]. Using or-
dinary models for women, we found that the stroke inci-
dence was equally distributed in the study area,
whatever the degree of urbanization or the level of
deprivation of the census blocks. For men, the stroke

incidence was not equally distributed, suggesting that or-
dinary Poisson models are less accurate and reliable and
would provide bias results. GWR models bring signifi-
cant improvement taking into account the presence of
non-stationarity [20].
The main strength of our study was the use of the

Brest Stroke Registry to identify all case of stroke in the
Pays de Brest administrative region. This registry was
validated by source analysis and the capture-recapture
method, and is the most relevant tool to study the epi-
demiology of stroke because it ensures the data quality
and exhaustiveness [26]. Moreover, small area analysis
(census block) allows a deeper understanding of the geo-
graphic patterns of health inequalities, and is essential for
revealing local-level inequalities that are often masked
when health estimates are produced at larger area scales
(cities, countries, and states). Analysis at the census block
level allowed a better definition of the spatial patterns of
stroke incidence risk. Another strength of our approach
was the production of a map with areas of significantly
higher risk of stroke incidence that can be used for future
interventions and surveillance.
Our study presents also some weaknesses. High stroke

risk has been attributed to variations in the distribution
of cardiovascular risk factors, as race, socioeconomic sta-
tus, geography (urban and rural). Unfortunately, our
study was not adjusted for variations in other chronic
diseases and race. As some previous studies suggested
the role of nutraceuticals in cardiovascular risk protec-
tion, information on the diet habits could have been
used to investigate this relation. Moreover, the lower so-
cioeconomic status of rural populations may influence
their access to quality healthcare, and we did not have
any data on this point. Similarly, we did not have any in-
dividual data on traditional risk factors, such as physical
inactivity, cholesterol level and pharmacological treat-
ments, or on the genetic risk of cardiovascular disease.
Future studies could focus on all dimensions of health-

care access, such as distance from the hospital, accessi-
bility of stroke units, regular and easy access to primary
and specific healthcare. As controlling the lipid levels
can reduces cardiovascular risk in individuals with dys-
lipidemia [35], the intake of pharmacological treatments
and nutraceuticals should be evaluated. For women, fur-
ther studies need to analyse the patterns of use of hor-
mone replacement therapy. Moreover, more research
should be done on modifiable factors related to beliefs,
diets and habits to improve stroke prevention in Pays de
Brest.

Conclusions
In conclusion, we found geographic variations in stroke
incidence risk in the Pays de Brest administrative region,
France. Our study confirms that for women, the highest
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rates were in the most deprived census blocks, inde-
pendently of their degree of urbanization. For men, we
identified three clusters of higher risk of stroke inci-
dence: one cluster in the north (census blocks that com-
bine rurality and socioeconomic deprivation), and two
clusters in the south with heterogeneous environmental
(urbanization and socioeconomic) patterns, but lower
distance and higher accessibility to stroke units. These
geographic differences are not explained by differences
in the patients’ characteristics. This finding suggests that
other factors. The implication of this study would be to
improve the recommendation in prevention regarding
the easily modifiable factors that could decrease the inci-
dence of major chronic disease, as well as access to care,
use of treatments, hormone replacement therapy. Un-
derstanding whether and how neighborhood and pa-
tient’s characteristics influence stroke risk may be useful
for both epidemiological research and healthcare service
planning.
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