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ABSTRACT
Mapping healthy/ unhealthy towns:

GIS-based geo-visualisation of health inequalities at small areal levels

Tomoki Nakaya*"

*1 Department of Geography, Ritsumeikan University

GIS related geo-based technologies facilitate geographic visualisation of health risks through integration of spatial
statistics, cartographic methodologies and various geographic information. This paper aims to briefly summarise two
distinctive approaches of such health geo-visualisation. Firstly, we argue a combined way utilising spatial statistical
smoothing and cartographic distortion for comprehending health inequalities in terms of variations of relative risk as
well as at-risk population sizes. It enables us to evaluate the importance of health inequalities reflecting residential
socio-economic divides within populated areas. Secondly, geodemographics, a dataset of social-area classification of
small areal units, provides a new insight to recognise health inequalities among neighbourhoods. Health related indices
obtained from an epidemiological/social survey can be summarised by relatively homogenous social-area categories in
a easy-to-understand manner. Mapping the indices based on distribution of social-area category enables us to overview
geographic variations in population health at such a small areal level.

Key Words : GIS (geographic information system), social-area (geodemographics), spatial epidemiology,
disease mapping, geo-visualisation
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Sociodemographic Determinants of
Pedometer-Determined Physical Activity
Among Japanese Adults

Shigeru Inoue, MD, PhD, Yumiko Ohya, PhD, Yuko Odagiri, MD, PhD,
Tomoko Takamiya, MD, PhD, Kenichi Suijo, MEd, Masamitsu Kamada, MEd,

Shinpei Okada, MEd, Catrine Tudor-Locke, PhD, and Teruichi Shimomitsu, MD, PhD

Background: Although previous studies have reported physical activity and its sociodemographic
determinants using self-report measures, there have been few studies using pedometers.

Purpose: Toascertain pedometer-determined physical activity and its sociodemographic determi-
nants among community residents living in four Japanese cities.

Methods: A cross-sectional mail survey was conducted from February 2007 to January 2008 with a
sample of 4000 residents (aged 20 - 69 years and 50% male) who were randomly selected from the registry
of residential addresses. Complete responses for both questionnaire and pedometer were obtained from
790 residents (48.3+13.7 years, 46.7% male). Associations of 11 sociodemographic variables with steps
per day were examined using multiple logistic regression analyses. Data were analyzed in 2010.

Results: Men averaged 87633497 steps/day and women averaged 82423277 steps/day. Further,
29.0% of men and 27.8% of women walked =10,000 steps/day. City of residence, good self-rated health,
low educational attainment, and not owning a car were associated with taking =10,000 steps/day in men,
whereas employed status and dog ownership were associated with walking =10,000 steps/day in women.

Conclusions: The results contribute to understanding of step-defined physical activity and its
sociodemographic determinants. A diversity of step counts by sociodemographic variables clarifies
specific populations among Japanese who are in need of intervention to promote physical activity.

(Am J Prev Med 2011;40(5):566-571) © 2011 American Journal of Preventive Medicine

Introduction

hysical activity promotion is one of the priorities
for chronic disease prevention."” To develop

effective intervention strategies, solid evidence
of physical activity patterns among specific population
groups is needed. Previous studies have reported the
association between sociodemographic variables and
physical activity.>”” However, most of these studies
(1) were conducted in Western countries and (2) used
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self-reported physical activity, with a few excep-
tions.®® Thus, the generalizability of findings to coun-
tries of a different culture, such as Japan, is unclear.

Further, there remains the potential for information
bias from self-reported physical activity.'® Step-
counting devices provide an objective output and are
becoming widespread as intervention tools.'’"'?
Therefore, data related to step-defined physical activ-
ity are increasingly important.

Thus, the objectives of the present study are to
(1) report step-defined physical activity levels and
(2) examine sociodemographic characteristics of peo-
ple who achieve =10,000 steps/day"® using a randomly
selected community sample from four Japanese cities.

Methods
Participants and Data Collection

This cross-sectional study was a part of larger project™* to investi-
gate physical activity environment. Data were collected from Feb-
ruary to March 2007 and from December 2007 to January 2008.

© 2011 American Journal of Preventive Medicine e Published by Elsevier Inc.
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Four thousand residents (aged 20-69 years, 50% male) living in
four Japanese cities (Koganei, Tsukuba, Shizuoka, and Kagoshima)
were randomly selected from the registry of residential addresses,
stratified by gender, age, and city of residence. Locations, areas, and
population sizes of four cities are indicated in Appendix A (avail-
able online at www.ajpm-online.net). Koganei lies approximately
at the center of Tokyo. Tsukuba is located 50 km northeast of
Tokyo within commuting distance from Tokyo. Shizuoka and Ka-
goshima are the prefectural capitals in mid- and west Japan.

The study was conducted by mail. At first, participants were
asked about sociodemographic characteristics and subsequently
invited to wear an accelerometer. If participants consented to join,
the accelerometer was mailed out. Of the targeted 4000 residents,
1508 responded to the questionnaire (37.7%). Of these, 886 offered
to wear the accelerometer, but valid accelerometer data were ob-
tained from 790 participants (overall response rate: 19.8%). All
participants provided signed informed consent. The current study
received prior approval from the Tokyo Medical University Ethics
Committee. Further details of the survey were reported in a previ-
ous article."*

Assessment of Step Counts

Participants were asked to wear an accelerometer (Suzuken Life-
corder Ex 4 second version, Nagoya, Japan) for 7 consecutive days.
This device has a step-counting function with a 35-day memory.
Acceleration signals were used only for calculation of device use
(wearing and nonwearing time). Previous studies’*>'® have vali-
dated the step-counting feature of this device. The step data were
systematically processed according to the following rules: (1) non-
wear time was defined as no acceleration signal for =30 consecu-
tive minutes; (2) a recorded day was deemed valid if it was worn at
least 10 hours that day' ”*%; and (3) to be included in the analysis the
participant had to have 3 or more valid days of data."® Finally, mean
steps/day were calculated based on steps of valid days.

Sociodemographic Variables

Gender, age, and city of residence were obtained from the registry
of residential addresses. Information on height, weight, self-rated
health, education, employment, marital status, child (defined as
junior high school students or younger; aged <15 years) in house-
hold, household motor vehicle, and dog ownership were obtained
by questionnaire. BMI was calculated from self-reported weight
and height.

Statistical Analyses

Multiple logistic regression analyses were conducted to examine
the relationships between sociodemographic variables and steps/
day. Steps/day were recoded into three categories, sedentary to low
active (Se/LA), <7500 steps/day; somewhat active (SA), 7500~
9999 steps/day; and active to highly active (A/HA), =10,000 steps/
day.’* All 11 sociodemographic variables were included in the
model. Cities of residence were included in the model as dummy
variables. Following the analyses of the overall sample, stratified
analyses by gender were conducted. The odds of higher step counts
(SA and A/HA) compared with Se/LA by 11 sociodemographic
attributes were calculated. Significance was considered to be
p<0.05. Analyses were conducted in 2010 using SPSS, version 17.0.
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Results

Men accounted for 46.7% of participants, Mean age was
48.3+13.7 years overall. Mean steps/day were 87633497
steps/day in men and 82423277 steps/day in women. The
prevalence of taking =10,000 steps/day was 29.0% in men
and 27.8% in women. Further information about partic-
ipants’ characteristics is shown in Appendix B (available
online at www.ajpm-online.net).

In multivariate analyses (Table 1), city of residence
(Tsukuba or Koganei); good self-rated health; being em-
ployed; not having a household motor vehicle; and dog
ownership were related to either SA or A/AH or both SA
and A/AH. ORs (95% CI) of A/HA, that is, engaging in
=10,000 steps/day (vs Se/LA) were 1.80 (1.04, 3.12) for
Tsukuba residents and 2.03 (1.17, 3.52) for Koganei resi-
dents compared with Kagoshima residents; 1.70 (1.18,
2.43) for people with good self-rated health; 1.67 (1.06,
2.63) for employed; 2.40 (1.28, 4.49) for nonowners of
motor vehicles; and 1.77 (1.13, 2.76) for dog owners.
According to stratified analyses by gender; city of resi-
dence (Tsukuba, Koganei, or Shizuoka); good self-rated
health; lower educational attainment; and having no
household motor vehicle were associated with more
steps/day in men. High step-defined activity was associ-
ated with good self-rated health, being employed, and
dog ownership in women.

Discussion

The present study showed the step-defined physical
activity level of residents in four Japanese cities and its
association with sociodemographic variables. Most
previous studies conducted in Western countries have
been based on self-report. Thus, the findings of the
current study add new evidence from two perspectives.
First, the present study was conducted in Japan and
therefore extends understanding of physical activity
determinants to include a distinct culture. Second,
objective step data were collected. Step-defined physi-
cal activity is relevant to health promotion applications
because of the potential of step counter to be widely
used as an intervention tool.

Participants in the current study appear to be more
active compared with national surveys in Japan'® and
the U.S.2° Japanese survey'” in 2007 reported that men
and women took 7321 steps/day and 6267 steps/day,
respectively. Differences in sampling and response
rates may explain some of this discrepancy. The cur-
rent sample did not include older adults (aged =70
years) and was primarily living in urban settings. In the
2005-2006 National Health and Nutrition Examina-
tion Survey®® of the U.S., accelerometer-determined
physical activity data treated to approximate pedome-



