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Abstract

Background: Physical and social environments may influence cognition health in older adults. However, evidence
regarding physical and social environments linked to dementia is lacking, especially in Asia. This study aims to
explore the influence of physical and social environments on the incidence of dementia through a population-
based case-control design in Taiwan.

Methods: We identified 26,206 incident cases with dementia aged≧65 years in 2010, with the same no. of controls
from National Health Insurance claims. Environmental measures were collected from government statistics
including three physical environments and three social environments. Multilevel logistic regression was used to
estimate the odds ratios (ORs) and 95% confidence intervals (CI) of the association between dementia incidence
and the environmental measures at the township level.

Results: We observed a significant reduction of 12% in the odds ratios of dementia in areas with higher availability
of playgrounds and sport venues (OR 0.88, 95% CI 0.81–0.95), after controlling for individual and other
environmental characteristics. Community center availability was also significantly associated with an 8% decreased
odds for dementia (OR 0.92, 95% CI 0.87–0.99), but the association was not significant after further consideration of
individual-level characteristics. Although higher odds of dementia were found in areas with high median annual
family income (OR 1.14, 95% CI 1.04–1.25), such a significant relationship did not appear in the full model.

Conclusions: Our study suggests that specific physical and social environmental features have different influences
on the risk of dementia. Public health interventions may consider these environmental aspects for preventing
dementia incidence.
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Background
Dementia has been regarded as a public health challenge
[1], as it is related to increased cost, potential disability
and mortality [1, 2]. Identifying the risk or protective
factors of dementia may thus represent an important
issue in public health. Although individual factors such
as education, lifestyle (social interaction, physical activ-
ity), and chronic diseases (vascular disease, diabetes mel-
litus, and depression) are important to the progression
of dementia [3], other environmental factors may also
play an important role in the risk of dementia [4, 5].
Some previous studies have suggested that certain fea-
tures of both physical and social environments on a
small scale, including the presence of community re-
sources [6, 7], public open spaces [6, 7], green environ-
ments [7–9], neighborhood social cohesion [10], and
socioeconomic composition of residential population
[11–13], were associated with individual-level cognition
function among elderly adults. Those features of physical
and social environments may change the risk of demen-
tia by moderating individual risk factors such as lifestyle
[14, 15], chronic diseases [16–18], and by playing a po-
tential role to enable or obstruct cognition stimulation
[4] and cognition reserve [19].
Nevertheless, very few studies have investigated the rela-

tionships between the characteristics of physical or social
environments in small areas and the risk of developing de-
mentia, especially in Asia [7, 8, 20–23]. To the best of our
knowledge, the only two study to date on this topic in Asia
have been conducted in Japan [22] and Hong Kong [23].
One study from Japan used a cohort design with a 3-year
follow-up period and found Geographic Information Sys-
tem (GIS)-based and self-reported living in neighborhoods
with lower availability of food stores were associated with
increased dementia incidence in older adults after control-
ling for individual features and other environmental fac-
tors, with an adjusted hazard ratio (HR) of 1.51 (95% CI
1.34–1.69) and 1.65 (95% CI 1.40–1.93), respectively [22].
However, this study focused more on food environments
but with limited social environments, which may preclude
meaningful information. Another study from Hong Kong
explored the effect of small area-based physical and social
environments on the risk of dementia simultaneously and
reported neighborhoods with higher economic disadvan-
tage (OR = 1.02, 95%CI 1.01–1.02), higher walkability
(OR = 0.99, 95%CI 0.98–0.99), higher library accessibility
(OR = 0.99, 95%CI 0.99–0.99) were associated with the
risk of dementia after controlling for individual character-
istics and other environmental factors [23]. However, this
study, like most of other studies, has been limited by the
relatively small number of dementia cases [7, 8, 20, 21]
and its cross-sectional design [7, 8]. This not only makes
it difficult to interpret the study findings but also pre-
cludes any firm conclusions.

To overcome the aforementioned methodological
problems and limited information on environmental fac-
tor, we conducted this large-scale population-based
case-control study in Taiwan to simultaneously assess
the effects of three physical environments (parks, green-
eries, and square area; playgrounds and sport venues;
community centers) and three social environments (me-
dian annual family income, percentage of illiterate
people aged≧65, density of elderly living alone) at the
township level on the risk of developing dementia
among elderly adults in Taiwan.

Methods
Study design and data source
This was a population-based case-control study linked
to three national datasets: Taiwan’s National Health In-
surance Research Data (NHIRD), the Age-Friendly En-
vironment Database, and the 2006 National Land Use
Investigation.
Individual-level data in this study were collected from

three parts of the NHIRD, including ambulatory care
claims, inpatient claims, and the updated registry for
beneficiaries, which were provided by the National
Health Insurance Administration (NHIA), Ministry of
Health and Welfare, Taiwan. Access to the research data
in the NHIRD was approved by the National Health Re-
search Institutes Review Committee. Approved code by
the National Health Research Institutes Review Commit-
tee: NHIRD-101-565. All methods were performed in
accordance with the institution’s relevant guidelines and
regulations. Informed consent for study participant was
waived because personal identification numbers in the
NHIRD are encrypted.
Information of ecological physical and social environ-

ments was retrieved from the Taiwan Age-Friendly En-
vironment Database at the township level provided by
Hu et al. (2018) [24]. Ecological data on the types of land
use also at the township level, including “parks, greener-
ies, and square area” and “playgrounds and sport
venues”, were derived from the earliest released national
version in 2006 National Land Use Investigation, using
the National Geographic Information System (GIS) in
Taiwan.

Selection of cases and controls
In this case-control study, we included patients aged
65 years and older who had at least three outpatient
claim records of dementia-related diagnosis codes
(International Classification of Disease, 9th Revision,
Clinical Modification [ICD-9-CM] code of 290, 291,
294, 331, 046.1) after a first-time diagnosis of demen-
tia in 2010, based on the NHIRD. This definition was
based on the previous study on dementia using Tai-
wan’s NHIRD [25]. The first and last outpatient visits
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among these patients in 2010–2011 were separated by
at least 90 days to avoid accidental inclusion of mis-
coded patients. We linked these dementia patients to
the outpatient claim records from 2003 to 2009 to
exclude those who obtained a dementia diagnosis
prior to 2010 to confirm that only subjects with an
initial diagnosis of dementia were included in our
study (i.e., incident cases). The date of initial diagno-
sis for dementia was based on the first day of the de-
mentia diagnosis in 2010 (referred to as the index
date). Additionally, those patients who had moved to
long-term care institutions before the index date were
also excluded because they might have had different
interactions with their living environments. Moreover,
dementia cases with missing information on living
area in 2006 were also excluded. In the end, 26,206
eligible dementia cases were identified.

As for the control subjects, we recruited subjects aged
65 years and older who were alive in 2010. We excluded
older adults who had a diagnosis of dementia (ICD-9 CM
codes of 290, 291, 294, 331, 046.1) between 2003 and
2010. In addition, those who had moved to long-term care
institutions from 2003 to 2010 or those who had missing
information on living area in 2006 were also excluded. We
then randomly selected the same number of control sub-
jects as dementia cases by frequency matching on age, sex,
and index year of dementia diagnosis (Fig. 1).
We determined the environmental exposure of our

study subjects based on the township where he/she lived.
Each study subject’s township was obtained from the
Taiwan’s NHIRD records. The average size of townships
was 98.33 km2 and the average population of townships
were 62,164 (0.1–41.25 thousand people /per km2) in
2006 [26].

Fig. 1 Flow chart describing the enrolment of study participants in the dementia and control groups
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Assessment of physical and social environments
First, we selected some physical and social environmen-
tal variables for the analysis, which were also analyzed in
previous research [5, 7, 8, 20–22, 27]. Given that past
studies on the association between physical and social
environments and the risk of dementia were limited, and
physical and social environmental variables were either
diversely defined [7, 8, 20–22], we determined the envir-
onmental indicators for our analysis through several ex-
pert meetings until a consensus was reached by our
research team and experts. Finally, three physical envi-
ronments at the township level, potentially related to the
risk of dementia, were assessed in this study, including
(1) parks, greeneries, and square area, (2) playgrounds
and sport venues, and (3) community centers. We com-
puted the density of parks, greeneries, and square area
(in km2 per 105 people) to indicate the availability of
green environments. Likewise, we calculated the density
of playgrounds and sport venues (in km2 per 105 people)
to represent the availability of recreational resources.
The areas were derived from the 2006 National Land
Use Investigation and were intersected and calculated by
ArcGIS (ArcMap, version 10.3; ESRI Inc., Redlands, CA,
USA). The area in each township was calculated as per
capita area (km2). Moreover, the density of community
centers (no. of community centers/ per 105 people) was
derived from government statistics and was used to re-
flect the resources of community activity spaces.
Similarly, three indicators of social environments were

also examined in this study from the Age-Friendly Envir-
onment Database, including (1) median annual family
income, (2) percentage of illiterate people aged≧65, and
(3) density of elderly living alone (number per 103 eld-
erly people). Based on the previous studies indicating
that living alone was associated with an elevated preva-
lence of social isolation [28] and decreased social sup-
port [29], we hypothesized that areas with a higher
density of elderly living alone may have less social cohe-
sion. Furthermore, we used “median annual family in-
come” and “percentage of illiterate people aged≧65” to
indicate socioeconomic status and educational status,
respectively.

Assessment of potential confounders
For ecological covariates, the density of hospitals and
clinics (no. of hospitals and clinics per 103 elderly
people) in each township was added into the model as a
covariate to reduce the likelihood that the chance of be-
ing diagnosed as dementia could be due to different ac-
cessibility of medical resources. This indicator was
obtained from the open data of the Taiwan Medical As-
sociation in 2006 (http://www.tma.tw/stats/index_
AllPDF.asp). Levels of urbanization (urban, suburban,
and rural) were also considered in the analysis to

account for the urban-rural differences in accessibility
and availability of medical care [30, 31]. The level of
urbanization used in this study included 4 indicators: no.
of residents, percentage of people working in secondary
industries, percentage of people working in tertiary in-
dustries, and population density [32].
Individual-level potential confounders included age,

sex (male and female), occupation, salary-based insur-
ance premium, and number of comorbidities. Particu-
larly, occupational status (white collar, blue collar, and
others) and salary-based insurance premium (dependent,
<median insurance premium, and ≧median insurance
premium) were considered to adjust for the possible
educational and socioeconomic difference among indi-
viduals, respectively [3]. Certain clinical risk factors,
which may be associated with an increased risk of de-
mentia, included hypertension, diabetes, heart disease
(i.e., coronary artery disease or congestive heart failure),
stroke, head injury, hyperlipidemia, depression, and
chronic obstructive pulmonary disease (COPD) were
also considered [3]. Information of selected comorbidi-
ties was retrieved from medical claims between 2003
and 2005. Only comorbidity that appears at least 3 times
in outpatient claims or > 1 in inpatient claims within 1
year was counted.
In this study, we investigated each subject’s exposure

to the physical and social environments in 2006 before
the index date in order to capture the environmental
characteristics within a township which may be associ-
ated with dementia incidence after adjustment of covari-
ates. Figure 2 shows the diagram describing exposure
time to physical and social environments or covariates in
dementia cases and the control group.

Statistical analysis
We first compared the differences in characteristics be-
tween dementia cases and controls. Descriptive statistics
of physical and social environments at the residential
township for the year 2006 were also conducted. Since
the distributions of environmental characteristics in this
study were skewed, we categorized the environmental
measures into tertiles (the lowest served as the reference
group) and examined their relationships with the risk of
dementia.
Two-level random intercept logistic regression models

were performed to examine the odds ratios (ORs) and
95% confidence intervals (CIs) for the relationship be-
tween the features of both physical and social environ-
ments and the risk of dementia. The SAS procedure
GLIMMIX was adopted for fitting multilevel logistic re-
gression models (individual at level 1 nested within
townships/cities at level 2) with a binary outcome and a
logit link [33].
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To account for variations in dementia risk between
townships, we first used the null model which did not
include any predictors to examine the error variance of
the level-2 intercept (Model 0). Second, features of phys-
ical environments were entered into the null model to
predict dementia risk (Model 1). Third, features of social
environments were added to the null model to examine
the association between the social environments and de-
mentia risk (Model 2). Fourth, features of both physical
and social environments were simultaneously included
into the model to investigate combination effect of both
physical and social environments on the risk of dementia
(Model 3), in which individual characteristics were ad-
justed in Model 4, then individual characteristics, hospi-
tals and clinics, and urbanization status were adjusted in
Model 5. The variance inflation factor (VIF) of each vari-
able was computed to detect the potential multicolli-
nearity among physical and social environments and
covariates in the regression model.
All VIF in the above models were less than 3, which

shows little multicollinearity of the models. The statis-
tical analysis was performed by SAS version 9.4 (SAS In-
stitute, Cary, NC, USA). A P-value of < 0.05 was
considered statistically significant.

Results
Study population of dementia and controls
Table 1 shows that the distributions of gender and age
in both dementia cases and the control group were com-
parable. However, there were fewer white-collar workers
(11.8% vs. 12.7%) among the dementia patients and they
were more dependent (37.3% vs. 36.9%), and had more
comorbidities (30.3% vs. 22.9%) than the control group.

Descriptive statistics of dementia in relation to
environmental exposure density in the residential
township
Table 2 shows that the distributions of the characteris-
tics of physical and social environments in the 349 resi-
dential townships of the study subjects for the year 2006
are highly skewed. Thus, these environmental character-
istics were stratified into tertiles based on their distribu-
tion in 2006 and were presented according to dementia
cases and controls (Table 3). The dementia cases (n = 26,
206) and controls (n = 26,206) were nested within the
343 and 344 townships/cities, respectively.
The characteristics of “parks, greeneries, and square

area” and “elderly living alone” were similar for the de-
mentia and control groups. The percentages of dementia
patients who lived in the highest tertile of playgrounds
and sport venues (15.2% vs. 16.6%), and in the highest
tertile of community centers (8.7% vs. 9.2%) were lower
than those of their counterparts. In addition, patients
with dementia were more likely to live in townships with
higher median annual family income (percentage with
the highest tertile of median annual family income:
67.4% vs. 66.1%), less illiterate people aged≧65 (percent-
age with the highest tertile of illiterate people aged≧65:
18.2% vs. 19.0%), more hospitals and clinics (percentage
with the highest tertile of hospitals and clinics: 69.8% vs.
68.4%), and more likely to live in urban (27.6% vs.
27.0%) and suburban (48.1% vs. 46.5%) areas (Table 3).

Odds ratio of dementia in relation to individual
characteristics and environmental exposure density
Table 4 reveals the results of multilevel logistic regression
modeling. The null model showed the risk of dementia

Fig. 2 Timeline of exposure to physical and social environments or covariates in the dementia and control groups
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Table 1 Individual characteristics of dementia cases and controls

Variablesa Dementia Control p

n % n %

Individual characteristics

Gender 1.0000e

Men 11,873 45.3 11,873 45.3

Female 14,333 54.7 14,333 54.7

Age (years) 1.0000e

65–69 2496 9.5 2496 9.5

70–74 4614 17.6 4614 17.6

75–79 6078 23.2 6078 23.2

80–84 6813 26.0 6813 26.0

≧80 6205 23.7 6205 23.7

Mean ± SDb 79.3 ± 7.0 79.0 ± 7.0

Occupational status <.0001e

white collar 3095 11.8 3320 12.7

blue collar 9839 37.5 10,332 39.4

others 13,272 50.7 12,554 47.9

Salary-based insurance premium (NTD)b <.0001e

dependent 9714 37.3 9667 36.9

< Median (19,200) 6673 25.6 6153 23.5

≧Median 9679 37.1 10,386 39.6

Mean ± SDb,c 8095.0 ± 11,038.5 8736.0 ± 11,752.3

Number of comorbidities d <.0001e

0 6058 23.1 7885 30.1

1–2 12,290 46.9 12,334 47.1

≧ 3 7858 30.0 5987 22.9

Total 26,206 100.0 26,206 100.0
a Inconsistency between total population and population summed for individual variables was due to missing information
b SD Standard deviation, NTD New Taiwan Dollars
c The dependent insurers were not included
d Number of comorbidities included hypertension, diabetes, heart disease (i.e., coronary artery disease or congestive heart failure), stroke, head injury,
hyperlipidemia, depression, and chronic obstructive pulmonary disease
e Based on χ2 test for category variables

Table 2 Descriptive statistics of environmental exposure in the residential township (n = 349) of the study subjects

Environmental features Percentile

Min Max Mean ± SDa Median 33th 66th

Physical environments

Parks, greeneries, and square areab 0 25.98 0.54 ± 1.50 0.29 0.17 0.42

Playgrounds and sport venuesb 0 156.23 1.42 ± 8.58 0.21 0.11 0.46

Community centersc 0 324.75 42.68 ± 43.45 31.90 15.28 49.13

Social environments

Median annual family incomed 339 829 507.24 ± 68.02 494 473 519

Illiterate people aged≧65 (%) 0.22 55.93 18.69 ± 11.04 16.29 12.65 22.21

Elderly living alonee 0 539.29 38.91 ± 51.74 19.15 13.72 32.26
a SD Standard deviation
b km2/per105 people
c number/per 105 people
d 1000 New Taiwan Dollars
e number / per103 elderly people
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varied significantly across townships (error variance level-2
intercept: 0.02685, p < .0001), indicating that it is necessary
to take into account township-level variables in the analysis.
Model 1 showed that cases were less likely than controls to
live in townships with a high density of playgrounds and
sport venues (OR= 0.88, 95% CI 0.82–0.95). Similarly, com-
pared with controls, cases had a significantly lower preva-
lence of living in townships with a medium density of
community centers (OR= 0.92, 95%CI 0.87–0.99). Model 2
showed that cases were more likely than controls to live in
townships with medium and high median annual family in-
comes (OR= 1.13, 95% CI 1.04–1.23 and OR= 1.14, 95% CI
1.04–1.25, respectively). Considering physical and social envi-
ronments simultaneously, compared with controls, cases still
had a significantly lower prevalence of living in townships
with a high density of playgrounds and sport venues and a
medium density of community centers (Model 3). However,
the significant association between high median annual fam-
ily income and dementia risk did not appear. After further
controlling for individual characteristics, only a high density
of playgrounds and sport venues (OR= 0.88, 95% CI 0.82–
0.96) and medium median annual family income (OR= 1.11,
95% CI 1.01–1.21) were still significantly associated with the
risk of dementia (Model 4). Such an inverse relationship be-
tween the density of playgrounds and sport venues and the
risk of dementia remained unchanged after adjustment for
individual characteristics, hospitals and clinics, and
urbanization status (OR= 0.88, 95% CI 0.81–0.95) (Model 5).
Again, we observed null association between living in town-
ships with a medium median annual family income and de-
mentia in Model 5 with adjustment of individual
characteristics, hospitals and clinics, and urbanization status
(OR= 1.09, 95% CI 0.99–1.19).
In Table 5, we further compared higher availability of

playgrounds and sport venues with annual family income
to test for a significant increase or reduction in the risk of
developing dementia. We noted that cases were more
likely than controls to live in townships with medium and
high median annual family incomes (OR = 1.24, 95% CI
1.05–1.46 and OR = 1.26, 95% CI 1.04–1.52, respectively)
in Model 1 with adjustment of illiterate people
aged≧65 and elderly living alone. However, when we
considered physical and social environments simultan-
eously, the significant association between high me-
dian annual family income and dementia risk did not
appear (Model 2). After further controlling for indi-
vidual characteristics, medium median annual family
income (OR = 1.18, 95% CI 1.00–1.40) was still signifi-
cantly associated with the risk of dementia (Model 3).
Again, we observed a null association between living
in townships with a medium median annual family
income and dementia in Model 4 with adjustment of
individual characteristics, hospitals and clinics, and
urbanization status (OR = 1.16, 95% CI 0.98–1.39).

Table 3 Features of living environments in dementia cases and
controls

Variablesa No. of
townships
(Dementia/
control)

Dementia Control pg

n % n %

Physical environments

Parks, greeneries, and square areaa,b 0.1368

Low 112/112 8101 30.9 8157 31.1

Medium 119/118 10,982 41.9 11,126 42.5

High 112/114 7123 27.2 6923 26.4

Playgrounds and sport venuesa,b <.0001

Low 116/115 13,177 50.3 12,815 48.9

Medium 113/114 9043 34.5 9046 34.5

High 114/115 3986 15.2 4345 16.6

Community centers a,c <.0001

Low 116/115 18,104 69.1 17,580 67.1

Medium 115/113 5818 22.2 6205 23.7

High 112/116 2284 8.7 2421 9.2

Social environments

Median annual family incomea,d 0.0002

Low 106/109 2521 9.6 2796 10.7

Medium 116/115 6029 23.0 6067 23.2

High 121/120 17,656 67.4 17,343 66.1

Illiterate people aged≧65a,e 0.0364

Low 109/110 11,697 44.6 11,558 44.1

Medium 116/116 9746 37.2 9656 36.9

High 118/118 4763 18.2 4992 19.0

Elderly living alonea,f 0.7884

Low 116/116 12,348 47.1 12,345 47.1

Medium 113/113 9575 36.5 9630 36.8

High 114/115 4283 16.4 4231 16.1

Other environments

Hospitals and clinicsa,f 0.0005

Low 113/115 2338 8.9 2549 9.7

Medium 111/109 5581 21.3 5741 21.9

High 119/120 18,287 69.8 17,916 68.4

Urbanization <.0001

Rural 201/202 6352 24.2 6929 26.5

Suburban 114/114 12,612 48.1 12,193 46.5

Urban 28/28 7242 27.6 7084 27.0

Total 343/344 26,206 100.0 26,206 100.0
a Low: < 33%, Median: 34–65%; High: ≥ 66%
b km2/per 105 people
c number/per 105 people
d 1000 New Taiwan Dollars
e %
f number/ per103 elderly people
g Based on χ2 test
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Table 4 Odds ratio of dementia in relation to individual characteristics and environmental exposure in the residential township of
the study subjects (Environmental exposure according to tertile classification)

Variables Model 1 Model 2 Model 3 Model 4 Model 5

Intercept (SD)a 0.05 (0.03) −0.16* (0.05) −0.06 (0.06) −0.30* (0.06) −0.34* (0.08)

Physical environments

Parks, greeneries, and square area (ref: Low)b

Medium 0.98 (0.92–1.04) 0.98 (0.91–1.04) 0.97 (0.91–1.04) 0.97 (0.91–1.04)

High 1.02 (0.95–1.09) 1.02 (0.95–1.09) 1.01 (0.94–1.09) 1.00 (0.93–1.08)

Playgrounds and sport venues (ref: Low)b

Medium 0.98 (0.92–1.05) 0.98 (0.92–1.04) 0.98 (0.92–1.05) 0.97 (0.90–1.04)

High 0.88* (0.82–0.95) 0.88* (0.81–0.95) 0.88* (0.82–0.96) 0.88* (0.81–0.95)

Community center (ref: Low)b

Medium 0.92*(0.87–0.99) 0.92*(0.86–0.99) 0.94 (0.87–1.00) 0.95 (0.88–1.02)

High 0.94 (0.86–1.02) 0.94 (0.86–1.04) 0.95 (0.86–1.05) 0.98 (0.88–1.08)

Social environments

Median annual family income (ref: Low)b

Medium 1.13* (1.04–1.23) 1.12* (1.03–1.22) 1.11* (1.01–1.21) 1.09 (0.99–1.19)

High 1.14*(1.04–1.25) 1.08 (0.98–1.19) 1.04 (0.94–1.15) 1.01 (0.91–1.12)

Illiterate people aged≧65 (ref: Low)b

Medium 1.04 (0.97–1.13) 1.04 (0.97–1.12) 1.05 (0.98–1.12) 1.04 (0.97–1.12)

High 1.02 (0.94–1.11) 1.03 (0.95–1.12) 1.05 (0.96–1.15) 1.06 (0.97–1.15)

Elderly living alone (ref: Low)b

Medium 1.00 (0.93–1.06) 1.01 (0.95–1.07) 1.01 (0.94–1.07) 1.01 (0.95–1.08)

High 1.05 (0.97–1.14) 1.06 (0.98–1.15) 1.07 (0.99–1.16) 1.08 (0.99–1.18)

In the null model, the estimated error variance level-2 Intercept (SD) was also 0.02685 (0.005013), p < .0001
a SD Standard deviation
b Low: < 33%, Medium: 34–65%; High: ≥ 66%
Model 3: Model 1 + Model 2
Model 4: Model 1 + Model 2+ individual variables (insurance premium, occupational status, and number of comorbidities)
Model 5: Model 4+ hospitals and clinics, and urbanization status
* p < 0.05

Table 5 Odds ratio of dementia in relation to higher availability of playgrounds and sport venues according to median annual
family income

Variables Model 1 Model 2 Model 3 Model 4

Higher availability of playgrounds and sport venues/Lower median annual family
incomea

1.00 1.00 1.00 1.00

Higher availability of playgrounds and sport venues/ Medium median annual family
incomea

1.24* (1.05–
1.46)

1.20* (1.01–
1.42)

1.18 * (1.00–
1.40)

1.16 (0.98–
1.39)

Higher availability of playgrounds and sport venues/ Higher median annual family
incomea

1.26* (1.04–
1.52)

1.16 (0.95–
1.42)

1.11 (0.90–1.36) 1.08 (0.88–
1.32)

Model 1: Based on multilevel logistic regression and adjusted for illiterate people aged≧65, elderly living alone
Model 2: Model 1+ parks and greeneries, community centers
Model 3: Model 2+ individual variables (insurance premium, occupational status, and number of comorbidities)
Model 4: Model 3+ hospitals and clinics, and urbanization status
a Low: < 33%, Medium: 34–65%; High: ≥ 66%
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These results (Model 1–4) were similar to the find-
ings based on the whole study sample.

Odds ratio of dementia in relation to environmental
features and individual characteristics by level of salary-
based insurance premium
In Table 6, we used salary-based insurance premium as
a proxy of individual socioeconomic status and per-
formed a salary-based insurance premium-stratified ana-
lysis to examine the potential effect-modifications by
insurance premium on the association between envir-
onmental features and the risk of dementia. A signifi-
cant modification effect of a salary-based insurance
premium on the association between “parks, greener-
ies, and square area”, “playgrounds and sport venues”
and the risk of dementia (p < 0.0001) was found. For
subjects with dependents or salary-based insurance
premiums lower than the median, the characteristics

of physical and social environment had no significant
association with the risk of dementia. But for subjects
with salary-based insurance premiums ≥ median, we
observed that these cases were less likely to live in
townships with a medium density of parks, greeneries,
and square area (adjusted OR = 0.91, 95% CI 0.84–
0.99) and a high density of playgrounds and sport
venues (adjusted OR = 0.85, 95% CI 0.77–0.93) than
the controls.

Discussion
This population-based study included a large-scale and
representative sample of elderly adults in Taiwan. We
found that the risk of dementia significantly decreased
by 12% among older adults living in areas with a high
density of playgrounds and sport venues and the result
did not change in any adjusted model. Also, lower odds
of dementia (8%) were found in areas with a medium
density of community centers, but the association was
not significant after further controlling for individual-
level factors. Although higher odds of dementia (14%)
were found in areas with high median annual family in-
come, such a significant association did not exist after
further adjustment for physical environmental features.
Previous studies on the effects of recreational re-

sources on dementia outcome were limited and mixed.
The only two studies on this topic were cross-sectional
designs from the UK [7, 8] and one of them found that
mixed land use areas (inclusion of residential, commer-
cial and recreational facilities, services and resources)
showed no significant effect on prevalent dementia in
later life [7]. Despite another UK study showing older
adults living in higher mixed land use areas were signifi-
cantly associated with an approximately 60% decreased
odds of dementia [8], it is difficult to interpret the
causal-relationship from these findings due to its cross-
sectional design.
Our study used a population-based case-control design

and found a high density of playgrounds and sport
venues (as a proxy for availability of recreational re-
sources) was associated with a 12% decreased odds of
dementia in older adults even after controlling for indi-
vidual factors, health care resources, and urbanization
level. The mechanisms by which factors may affect this
association remains unclear. However, it has been sug-
gested that the availability of neighborhood spaces for
recreational activities significantly promotes adults’ will-
ingness to participate [34], which in turn can lead to
older adults spending more time in recreational environ-
ments. These conditions are helpful for older adults to
increase physical activity [34], social interactions [15]
and cognitive stimulations [4], in turn improving mental
health [35, 36] and cardiovascular health [37, 38] or

Table 6 Odds ratio of dementia in relation to environmental
features and individual characteristics in residential townships
by level of salary-based insurance premium

Variables DependentsC <MedianC ≥MedianC

Intercept (SD)a −0.28(0.13)* − 0.56(0.15)* − 0.54 (0.15)*

Physical environments

Parks, greeneries, and square area (ref: Low)b

Medium 0.99 (0.92–1.07) 1.05 (0.94–1.16) 0.91 (0.84–0.99)*

High 1.09 (0.99–1.19) 1.00 (0.89–1.14) 0.97 (0.89–1.07)

Playgrounds and sport venues (ref: Low)b

Medium 0.98 (0.90–1.07) 0.98 (0.87–1.10) 0.95 (0.87–1.04)

High 0.94 (0.84–1.06) 0.97 (0.84–1.13) 0.85 (0.77–0.93)*

Community center (ref: Low)b

Medium 0.96 (0.87–1.06) 0.96 (0.84–1.09) 0.95 (0.87–1.04)

High 1.00 (0.82–1.22) 0.87 (0.67–1.12) 0.99 (0.88–1.12)

Social environments

Median annual family income (ref: Low)b

Medium 1.06 (0.90–1.24) 1.25 (0.99–1.57) 1.06 (0.95–1.17)

High 1.00 (0.84–1.18) 1.15 (0.90–1.46) 1.03 (0.91–1.16)

Illiterate people aged≧65 (ref: Low)b

Medium 0.97 (0.90–1.05) 1.02 (0.92–1.14) 1.03 (0.95–1.13)

High 0.96 (0.84–1.09) 1.06 (0.88–1.27) 1.03 (0.95–1.13)

Elderly living alone (ref: Low)b

Medium 1.02 (0.94–1.10) 1.00 (0.90–1.10) 1.06 (0.97–1.16)

High 1.04 (0.94–1.16) 0.91 (0.79–1.05) 1.07 (0.97–1.19)
a SD Standard deviation
b Low: < 33%, Medium: 34–65%; High: ≥ 66%
C Based on multilevel logistic regression and adjusted for occupational status,
number of comorbidities, parks and greeneries, playgrounds and sport venues,
community center, median annual family income, illiterate people aged≧65,
elderly living alone, hospitals and clinics, and urbanization status
* P < 0.05
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enhancing cognitive reserve [19], resulting in a reduced
risk of dementia [3, 19].
In addition, animal studies have shown that animals

exposed to richer environmental stimulation contrib-
ute to neurogenesis via potential ways such as pro-
moting proliferation, astrocyte, and inhibiting cell
death [19]. Thus, the availability of playgrounds and
sport venues may negatively influence dementia
through mechanisms related to participation in recre-
ational environments that could affect dementia dir-
ectly [19] or lead people to engage in positive health
behaviors [15, 19, 34–38].
This study also showed cases of dementia were more

likely than controls to live in townships with medium
compared with low community center availability. How-
ever, this finding is not in agreement with the only pub-
lished longitudinal cohort study showing that older
adults living in neighborhoods with more community re-
sources had slower rates of cognition decline over an
18-year observation period even after adjustment of indi-
vidual factors [6]. In our study, we did not find any sig-
nificantly positive association between high density of
community centers and dementia. Additionally, the ef-
fect of a medium density of community centers on the
risk of dementia was no longer significant after adjust-
ment of individual-level characteristics. The reason for
this may be much explained by the individual character-
istics of the older adults living in these areas, instead of
the effects of community centers in local areas. For ex-
ample, we further found that older adults living in town-
ships with medium community center density have a
higher proportion of white- and blue- collar workers
(66.9% vs. 41.4%), lower dependence (27.1% vs. 43.6%),
and less comorbidities (% with more than two diseases:
24.8% vs. 27.5%) (data not shown). This may explain
why these people living in areas with a medium commu-
nity center density have a lower risk of developing de-
mentia than those living in areas with low community
center density.
The effect of green environments was the other envir-

onmental effect which has been reported in association
with cognition function in older adults [8, 9]. This envir-
onmental feature could be helpful in reducing cognitive
loading, restoring attention, and thus benefit cognition
[4, 9]. However, another study reported that more green
environments were significantly associated with in-
creased odds of dementia in later life, possibly because
such environments may be associated with isolation,
which limits access to local services, resulting in a lack
of cognitive stimulation [8]. Our study found no signifi-
cant association between parks, greeneries, and squares
(as a proxy for availability of green environments) and
the risk of dementia. This suggests that land use related
to parks, greeneries, and squares at the township level in

Taiwan doesn’t lead to any visible influences on the risk
of dementia among older adults.
Only a few studies investigating the effects of area-

based socioeconomic status in relation to the risk of de-
veloping dementia have been conducted [20, 21]. A UK
cohort study recruiting 6220 nationally representative
participants aged 65 years and over with a 12-year
follow-up period, investigated the association between
an index of multiple deprivation (i.e., a summarized
index based on income, employment, education and
training, health and disability, barriers to housing and
services, living environment, and crime) and dementia
incidence. The results showed older adults living in areas
in the second-highest quintile of multiple deprivation
was associated with an increased risk of dementia (HR =
1.62, 95%CI 1.06–2.46) compared to those living in areas
in the least deprived quintile after adjustment of individ-
ual factors [20]. Another French study (three-city co-
hort) including 70 l6 individuals aged 65 years and over
with a 12-year observation period also found the risk of
developing dementia was positively related to a neigh-
borhood deprivation score in women (HR = 1.29, 95% CI
1.00–1.67) but not in men [21].
The mechanisms by which factors affect the associ-

ation between area-based socioeconomic status and de-
mentia risk have not been fully identified, but it has
been suggested that people living in better socio-
economic environments are more exposed to higher
densities of recreational resources (e.g., recreation cen-
ters, healthy food stores), and social and cultural re-
sources (e.g., libraries, community centers) and thus lead
people to engage in positive health behaviors and cogni-
tively stimulating activities [4, 5]. These features could
be helpful in reducing the risk of developing dementia.
In contrast, people living in deprived areas could be re-
lated to poor conditions, lower densities of recreational,
social, and cultural resources (less cognitive stimulation)
[4], and greater presence of environmental stressors [5].
These latter factors may contribute to an increased risk
of dementia.
Contrary to previous studies [20, 21], we found that

cases were more likely than controls to live in townships
with higher median annual family income, but the sig-
nificant effect did not exist when physical and social en-
vironmental factors were controlled simultaneously. This
may suggest that much of the effect of median annual
family income is due to the influence of physical and so-
cial environments on each other, rather than the features
of social environments themselves. It is possible that
people with poor cognition may choose to live in areas
with better socio-economic environments because they
can obtain more health promoting services and re-
sources in the affluent neighborhoods [39, 40]. It is also
likely that high median annual family income influences
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dementia through individual factors because the associ-
ation between high median annual family income and
increased odds of dementia attenuated after controlling
for individual factors.
One explanation for this condition could be that there

were fewer white-collar workers (13.6% vs. 14.8%)
among the dementia cases living in areas with high me-
dian annual family income, and they were more likely to
have lower insurance premiums (percentage with me-
dian and higher insurance premiums: 25.9% vs. 27.8%),
and more comorbidities (percentage with more than two
diseases: 31.6% vs. 24.3%) than the control group (data
not shown). These individual socioeconomic disadvan-
tages may reduce physical activity [41], impair psycho-
logical function [42], and increase the risk of chronic
disease [43], which contributes to an increased risk of
dementia. Alternatively, we speculate that people with
poor cognition might choose to live in areas with higher
socioeconomic status because there are more medical fa-
cilities that can be utilized [44]. Therefore, after further
controlling for factors of hospitals and clinics and
urbanization level, the effect of high median annual fam-
ily income on the risk of dementia was weakened; and
the significant effect of medium median annual family
income on the risk of dementia can be overlooked.
Regarding the effect of area-based education, we found

that the adjusted OR of dementia for the exposure of liv-
ing in townships with a higher percentage of illiterate
people aged≧65 did not significantly increase in any ad-
justed models. Although a previous study reported most
domains of cognition function were independently re-
lated to social cohesion [10], our study showed no sig-
nificantly elevated adjusted OR of dementia for the
exposure of living in areas with a higher density of eld-
erly living alone. This suggests that the “percentage of
illiterate people aged≧65 “and “density of elderly living
alone” at the township level in Taiwan are inadequate in
detecting associations with the risk of developing de-
mentia among older adults.
As for the effects of salary-based insurance premium at

individual level, we observed that salary-based insurance
premium at individual level may change the associations
of specific features of environments on the risk of demen-
tia. Although no significant difference in the environmen-
tal features-specific odds of dementia was observed
among subjects with dependents or salary-based insurance
premiums lower than the median, the adjusted OR of de-
mentia were significantly negative associated with a
medium density of parks, greeneries, and square area (ad-
justed OR = 0.91, 95% CI 0.84–0.99) and a high density of
playgrounds and sport venues (adjusted OR = 0.85, 95%
CI 0.77–0.93). The reasons for the results are not clear.
We suspect that increased income status provides

better affordable or accessible environmental resources

(such as “parks, greeneries, and square area” and “play-
grounds and sport venues”), potentially encouraging res-
idents to utilize their environmental resources and
resulting in increased cognitive stimulation and social
participation. This condition may contribute to the sig-
nificant effect of “parks, greeneries, and square area” and
“playgrounds and sport venues” on the risk of dementia
in subjects with salary-based insurance premiums
greater than the median rather than dependents or sub-
jects with salary-based insurance premiums lower than
the median. More interestingly, we observed that the sig-
nificantly positive effect of “parks, greeneries, and square
area” on the risk of dementia only appeared in the
medium density group (adjusted OR = 0.91, 95% CI
0.84–0.99) and not in the high density group, which may
have resulted from the different distances to residential
parks, greeneries, and square area [32]. A previous study
in Taiwan categorized the measures of parks and green
spaces into Quartiles and found parks and green spaces
in the highest group were farther away from residential
areas which may make it hard for the older adults to ac-
cess. In contrast, the parks and green spaces in the Q3
group were close to residential areas [32].
This study has several strengths. First, we included a

large numbers of study subjects by using the Taiwanese
NHIRD, which makes the study population highly repre-
sentative and leaves little room for selection bias. In
Taiwan, the NHIRD covers around 99% of the entire
population [45]. The NHIA performs expert reviews
quarterly on a random sample of 50–100 outpatient and
inpatient claims to ensure the accuracy of the claim files
[45]. Thus, information obtained from the NHIRD is
considered to be complete and accurate. Second, we
used a case-control design to collect exposure informa-
tion more efficient. All exposure information in this
study was collected before the first diagnosis of demen-
tia, which is helpful for explaining a causal relationship
of the results with fitting temporal inference. Third, the
likelihood of prevalence-incidence bias was also largely
reduced by using initially diagnosed cases with dementia
rather than prevalent cases.
Despite these advantages, this study also has some lim-

itations. First, some environmental factors, such as
neighborhood psychosocial disorders (e.g., crime), public
transport availability, pollutants, and some individual
factors, such as social engagement, smoking status, edu-
cational level, physical function and genes were not in-
cluded in the analysis due to the lack of available data.
Although we used occupational status as a proxy for in-
dividual educational level and used COPD (i.e., one of
the comorbidities) as a proxy for smoking, residual con-
founding bias is still possible.
Second, the factors potentially associated with demen-

tia analysed in our study included both individual-level
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and ecological-level variables. Using ecological-level fac-
tors to indicate an individual’s exposure status may incur
exposure misclassification, which is likely to be non-
differential and may result in underestimation of the as-
sociations between ecological-level factors and risk of
dementia.
Third, we relied on the physician-recorded diagnosis

in the medical claims to select dementia cases, which
might result in disease misclassification. The medical
claims only included medical information for people
who sought care for dementia in hospitals or clinics.
Therefore, it may have been mixed up with new onset or
undiagnosed dementia in the control group. To address
this concern, we included solely dementia cases that had
at least 3 ambulatory visits with dementia-related diagno-
sis and the first and last outpatient visits at least 90 days
apart to reduce the likelihood of disease misclassification.
Fourth, given the diagnostic procedures of dementia

can be different across medical resource and medical
care, we adjusted the hospitals and clinics in each town-
ship and the level of urbanization to reduce the differ-
ences in medical resources and medical care resulting in
unequal opportunity to be diagnosed as having dementia
among dementia cases.
Fifth, previous studies suggested the pathology often

starts at least 10 years before the onset of symptoms of
Alzheimer’s disease [46, 47]. Owing to the lack of available
nationwide land use data prior to 2006, the retrospective
period in our study was limited to 4 years or less. This
may not have been adequate for finding longitudinal asso-
ciations. We only used each subject’s exposure to physical
and social environments beginning from the year of 2006,
which might have led to some degree of environmental
exposure misclassification. However, such exposure mis-
classification was also likely to be non-differential in the
dementia and control groups.
Sixth, our ability to examine the biological gradient effect

of environmental features on the risk of dementia was lim-
ited by the measures available. We have left this area (such
as biological gradient effect) for further investigations.
Finally, information on residential mobility in our study

showed about 40% of subjects living in different townships
over the 5 years, which may have resulted in relocation
bias. To avoid this, we further excluded these subjects in
the logistic multilevel regression analysis and found the
association between the features of physical and social en-
vironments and the risk of dementia was little changed.
Thus, relocation bias in our study may be small.

Conclusions
In conclusion, living in township areas with a high density
of playgrounds and sport venues may have a positive effect
on decreasing the risk of dementia, independently on other
individual and environmental factors. Living in township

areas with a medium density of community centers may
also decrease the risk of dementia, but such effects are
dependent on individual factors. Although higher odds of
dementia were found in areas with high median annual
family income, such effects are also dependent on physical
environmental features. It is suggested that public health in-
terventions may take into account these environmental as-
pects for preventing the incidence of dementia in older
adults. Potential pathways via possible mediators from these
environmental characteristics to individual-level incidence
of dementia should be further examined in future studies.
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