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Accelerometers with a DC (direct current) response are capable
of measuring acceleration due to movement and gravitational
acceleration [17]. Therefore, filter processing that removes
gravitational acceleration is performed to detect dynamic move-
ments and gravitational acceleration is used to discriminate static
postures such as lying and standing. Although the discrimination
of posture is important in understanding behavior patterns, it is
also necessary to determine what kinds of activities a person is
performing under sitting or standing conditions. We hypothesized
that information from the gravitational acceleration signal may
contribute not only to discrimination of posture but also to
classification of physical activity into locomotive or household
activity, because household activities tend to invelve a change in
inclination of the upper body in addition to movement.

The purpose of this study was to develop a new algorithm for
quick and accurate classification of physical activity into either
locomotive or household activity using a triaxial accelerometer
and to compare the accuracy of the algorithm with a previously
proposed method.

2. Metheds
2.1. Subjects

Sixty-six volunteers (31 men and 35 women) participated in this study. The
subjects were separated randomly into a validation group (n=44) and a cross-
validation group (n=22). Physical characteristics of the subjects are shown in
Table 1. Before measurements, the purpose and procedure of the study were
explained in detail. Written informed consent was obtained from all subjects. When
we recruited subjects, participants were excluded from the study if they had any
contraindications to exercise or if they were physically unable to complete the
activities. This study protocol was approved by the Ethical Committee of the
National Institute of Health and Nutrition in Japan.

2.2. Protocol

Before testing, height and weight were measured with subjects in light clothing
without shoes using a stadiometer and a physician’s scale. Height and weight were
measured to the nearest 0.1 cm and 0.1 kg, respectively. Body mass index was
calculated as weight (kg) divided by height squared (m?).

All 66 subjects performed 12 sequences of normal daily movements in a
controlled laboratory setting while wearing a triaxial accelerometer on the left side
of the waist. The testing procedure was the same for all subjects. Participants
performed each activity for 3-7 min with a break of a few minutes between each
activity. The selected activities were personal computer (PC) work, laundry,
dishwashing, moving a small load (5 kg), vacuuming, slow walking (3.3 km/h),
normal walking (4.2 km/h), brisk walking (6.0 km/h), normal walking while
carrying a bag (3 kg) in the hand, jogging (8.4 km/h) on a track, and ascending and
descending stairs at personal normal speed (Table 2). These activities were chosen
as representative activities of daily life and were based on our observations for 3
days in free-living conditions. The preliminary study was performed using the
activity records of 93 subjects living in the Tokyo metropolitan area.

2.3. Triaxial accelerometer device

In order to perform this experiment, we used a triaxial accelerometer device with
4 GB of memory {Omron Healthcare, Kyoto, Japan) consisting of a MEMS-based

Table 1
Physical characteristics of subjects.
. Men : Women Total
Validation group :
n . 21 ) ; 23 44
Age (years) 4224144 43.0+13.1 426+13.7
'Height (cm) 1702458 159.3:£5.4 164,5+7.8
Weight (kg) . 6834151 55.6+9.8 61.6+14.1
BMI (kg/m?) 23.4+42 21.9+3.7 226+40
Cross-validation group :
n 10 o 12 22
Age (years) 41.9+143 420+114 420+1238
Height (cm) -1702+75 156.9+5.2 162.9+5.2
Weight (kg) 68.2+11.9 54.9+7.6 61.0+£118
BMI (kg/m?) 23432 22.3x29 22.8+3.1

Values are means = SD; BMI, body mass index.

Table 2
Household and locomotive activities performed in this study.

PC work: typing with a personal computer (7 min)

Laundry: carrying clothes from a laundry basket and hanging
up clothes (6min)

Dishwashing: washing the dishes (6 min)

Moving a small load: lifting a small load of 5kg and unloading it after
a few steps (5min)

Vacuuming: cleaning the floor with a vacuum cleaner (6 min)

Slow walking: walking at 55 m/min around a track (6 min)

Normal walking: walking at 70 m/min around a track (5 min)

Brisk walking: walking at 100 m/min around a track (5min)

Walking while carrying a bag: walking at 70 m/min around a track
while carrying a bag of 3kg (5min)

Jogging: jogging at 140 m/min around a track (4 min}

Ascending stairs: walking up stairs at a self-selected speed (3 min)

Descending stairs: walking down stairs at a self-selected speed (3 min)

accelerometer (LIS3LV0O2DQ; ST-Microelectronics) which responds to both
acceleration due to movement and gravitational acceleration. The sensor is bujlt
in a plastic case designed to be clipped onto a waist belt. The device measures
80 mm x 20mm x 50 mm and weighs 60g, including batteries. During the
experiment, the device was attached at waist level on the left side using an elastic
belt. A commercial device (Omron Healthcare, Active Style Pro HJA-350IT) has been
developed from the device used in the present study.

2.4. Analysis of acceleration signal

Anteroposterior (x-axis), mediolateral (y-axis), and vertical (z-axis) accelerations
were obtained from the triaxial accelerometer during each activity at a sampling
rate of 32 Hz. The acceleration data are expressed relative to g (1 g=9.81 m/s?).
With a 12-bit analog-to-digital converter, the maximum scaling of the acceleration
data was +6 g (resolution: 0.003 g). The acceleration data were uploaded to a personal
computer. The signals obtained from the triaxial accelerometer were processed as
follows. Each of the three signals from the triaxial accelerometer was passed through a
second-order Butterworth high-pass filter to remove the gravitational acceleration
component from the signal. The cut-off frequency was chosen based on frequency
analysis of movements conducted. The power spectrum of each direction was
calculated by fast Fourier transform (FFT) for a temporal window that contained 256
samples of the signal. This was normalized to the maximum power of each window,
and the normalized power spectrums of the three directions were composited. We
calculated the integral of the absolute value of the accelerometer output of each of the
three axes using acceleration signals (X, Y, Z) over a 10-s time interval. The interval size
was determined based on physiological aspects and the processing performance of the
CPU; it has been reported that the use of 10-s epochs does net result in a significant
underestimation of high-intensity activity relative to 5-s epochs whereas longer
epachs do [18]. Then, the calculated horizontal acceleration in the X-Y plane
(horizontal acceleration filtered, HAF) and the calculated total three-dimensional
acceleration (total acceleration filtered, TAF) were determined. In addition, total
acceleration using an unfiltered acceleration signal (total acceleration unfiltered, TAU)
was calculated. Finally, the ratios of unfiltered to filtered total acceleration (TAU/TAF)
and of filtered vertical acceleration (VAF) to HAF (VAF/HAF), as proposed by
Midorikawa et al. |16}, were calculated. When TAU/TAF was calculated, the phases
of TAU and TAF were matched in consideration of the phase shift of the high-pass filter.
The acceleration signals from six 10-s epochs in the middle of each activity were
processed to various acceleration output variables.

2.5. Statistical analysis

Statistical analyses were carried out using SPSS Version 14.0 for Windows (SPSS,
Inc., Chicago, IL). All results are shown as the mean =+ SD. P < 0.05 was considered
statistically significant.

To assess the cut-off value for classification of household and locometive
activities, receiver-operating characteristic (ROC) curve analysis was applied to the
acceleration data. We calculated the sensitivities and specificities using the TAU/
TAF and VAF[HAF ratios. The sensitivity was muitiplied by the specificity, and the
point with the maximum product of sensitivity and specificity was considered to be
the most valid discrimination cut-off value. The triaxial accelerometer signals from
the validation group were used to identify the optimum cut-off value of parameters
to classify physical activity. This cut-off value was then applied to the cross-
validation group and the accuracy of discrimination was evaluated.

3. Results

FFT analysis showed that for locomotive activities, peak power
appeared at a frequency of 1.0 Hz or more and the frequency of the
peak increased with an increase in walking pace. For household
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frequency for the high-pass filter was set at 0.7 Hz (mean + 2SD).

Fig. 1 shows typical examples of a vertical acceleration signal
before and after high-pass filtering during slow walking (Fig. 1A)
and moving a small load (Fig. 1B). TAU during moving a small load
(034 g) was larger than that during slow walking (0.23 g). TAF
during both physical activities was similar (022g and 0.22g,
respectively). Therefore, TAU/TAF during moving a small load
(1.55) was larger than that during slow walking (1.04).

Fig. 2A shows TAU[TAF in the validation group. As in the case
illustrated in Fig. 1, the average TAU/TAF during locomotive
activities was 1.03 + 0,03 (range 0.96-1 .12).In contrast, the average
TAU/TAF during household activities was 2.46 + 0,73 (range 1.19-
5.53). The product obtained by multiplying the sensitivity and
specificity from the TAU/TAF data was 1.0 when TAUJTAF was
between 1.13 and 1.19. Therefore, the discrimination cut-off value
was set at 1.16, which is the mid-point for the TAU/TAF data. When
the discrimination cut-off value derived from the validation group
was applied to the cross-validation group, the percentage of correct
discrimination was over 95.5% (Table 3).

The VAF/HAF ratio in the validation group is shown in Fig. 2B.
The average VAF/HAF during locomotive activities was 1.13 = 0.36
(range 0.56-258) and that during household activities was
0.55+0.13 (range 0.32-0.99). The largest product of sensitivity
and specificity using the VAF/HAF data was 0.74. Table 3 shows the
results from applying the discrimination cut-off value to the cross-
validation group. Vacuuming, doing laundry, dishwashing, and
normal walking while carrying a bag were correctly classified by
the VAF/HAF cut-off ratio. Percentages of correct discrimination for
other activities ranged from 63.6% to 95.5%.

4. Discussion

Our major finding in this study is that locomotive and
household activities can be accurately classified from the analysis
of both unfiltered and filtered acceleration signals. We used the
ratio of TAU/TAF to classify physical activities into either

VAFMHAF

Fig. 2. The ratio of unfiltered to filtered total accelerations (TAU/TAF) (A) and the
ratio of filtered vertical to filtered horizontal accelerations (VAF[HAF ratio) (B)
during each activity in the validation group (n = 44).

locomotive or household activities. The TAU/TAF ratios obtained
during locomotive activities (around 1.0) and household activities
(>1.0) were entirely different. Since the distinction between
locomotive, household and light activities is important for accurate
estimation of energy expenditure using an accelerometer, various
classification methods have been proposed in previous studies
[16,19]. Light activities can be discriminated from locomotive or
household activities by using only total acceleration, because a
lower total acceleration is observed for light activities than for the
other two types of activities [16]. However, locomoetive and
household activities could not be clearly distinguished by a
previously reported method [19]. It is very important to estimate
EE accurately, including the proportion of time spent in household
activities throughout the day, which is a large component of NEAT.

Table 3
Percentage of correct discrimination in cross-validation group (n=22).
TAUJTAF (%) VAF/HAF (%)

PC work 100 100
Vacuuming 100 100
Laundry 100 100
Dishwashing 100 100
Moving a small load 100 63.6
Ascending stairs 100 80.9
Descending stairs 955 90.9
Slow walking 95.5 81.8
Normal walking 95.5 95.5
Brisk walking 100 95.5
Normal walking while carrying a bag 100 100
Jogsing 100 100

TAU/TAF, ratio of unfiltered to filtered total acceleration; VAF/HAF, ratio of vertical
to horizontal acceleration.
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Therefore, our findings are very pertinent to future research in this
area.

The compendium of physical activities [20] is a common source
of information regarding the intensities of various activities. The
EEs of both normal walking and vacuuming are similar according
to the compendium listings, whereas in this study the total
acceleration for vacuuming was 1/4 that for normal walking. These
results are consistent with previous reports that heusehold
activities have a higher oxygen cost, at the same total acceleration,
compared with walking and running [19,21]. The increased EE
during household activities is due to arm movements, lifting and
carrying objects, climbing hills and stairs, and changing directions
in the horizontal plane {21]. Therefore, different prediction
equations are needed for accurate estimation of household and
locomotive activities.

The acceleration signal was passed through a high-pass filter to
remove the gravitational acceleration component in order to
examine the actual relation of acceleration to physical activity [22].
In the present study, total acceleration was caiculated from both
the filtered and the unfiltered signals. If the acceleration signal is
derived from locomotive activity which consists of only dynamic
movement, the TAU/TAF ratio is mostly found to be 1.0. In contrast,
if the acceleration signal is derived from household activity which
consists of dynamic movement and gravitational acceleration, the
TAU/TAF ratio is found to be larger than 1.0. The change in the
gravitational acceleration component indicates a change in the
inclination of the acceleration sensor. Because the acceleration
sensor is attached to the waist of the subject, TAU/TAF reflects
dynamic changes in body posture. The waist is not in the upper
body, but the inclination of the upper body accompanies that of the
waist in most instances. Therefore the gravitational acceleration
signal at the waist reflects postural changes of the upper body to
some degree, The cut-off value for classification was set at 1.16 in
the present study, as a slight postural change at the waist seems
sufficient to capture the postural changes of the upper boedy.
Previous studies have reported a classification method for physical
activity using the gravitational component of the triaxial
accelerometer [23,24]. However, most such classification methods
only discriminate static postures such as sitting and standing.

The TAU/TAF ratio was around 1.0 during locomotive activities
regardless of the speed and was above 1.0 during household
activities. This result suggests that there is a characteristic dynamic
change in posture, such as inclining the upper part of the body
forward, during household activities. While mainly the lower limbs
move during locomotive activities such as walking and jogging,
movement of the arms while lifting and pushing accompany
household activities. Therefore, some researchers have attempted
to classify and quantify the different types of physical activities
using both trunk acceleration and wrist acceleration [25-27].
However, using multiple sensors can have disadvantages such as
increased monetary cost and reduced convenience. If classification
can be done with a single acceleration sensor, those disadvantages
can be avoided. It has been reported that wrist-worn accelerome-
ter signals can explain only a small part of the variance in EE
[25,26]. In addition, it has been reported that the EEs of upper limb
movements in activities such as deskwork were not different from
the resting level, whereas self-care tasks accompanied by trunk
movements approximately doubled the resting level [25]. There-
fore, measurements of changes in posture are more important for
discrimination of household activity intensity than measurements
of upper arm movements.

The percentage of correct discrimination between locomotive
and household activities by the VAF/HAF ratio was over 63.6% in
the present study. Midorikawa et al. [16] reported that the
sensitivity and specificity for discriminating between housework
and walking using the VAF/HAF ratio was over 90%. This

discrepancy may be due to differences between the protocols.
Although 12 activities were chosen in the present study, only four
types of activity (sitting, standing, housework, and walking) were
performed in the study of Midorikawa et al. [16]. Moving a small
load, which is a dynamic activity, complicated by lifting and
walking, had the lewest discrimination accuracy of the 12
activities and slow walking had the lowest discrimination accuracy
among the locomotive activities. The VAF/HAF ratio reflects the
main direction of movement and may be associated with
differences in movement between the upper body and the lower
body. In the above two activities (moving a small Joad and slow
walking), movement of both the upper and lower body occur to
some degree and there may be large inter-individual differences.
Therefore, the VAF/HAF ratio may tend to misclassify dynamic
household activities and light locomotive activities.

Crouter et al. [19] attempted to distinguish walking and
running from all other activities by calculating the coefficient of
variation from Actigraph data. Because locomotive activities
yielded a consistent minute-to-minute count, the coefficient of
variation during locomotive activities was lower than that of other
activities. They used six 10-s epochs of data to calculate the
coefficient of variation for each minute. Therefore, it is necessary to
keep a constant speed for at least 1min for an accurate
discrimination of walking with their method. Although it is
possible tO maintain an even pace in experimental conditions using
a treadmill, speed is more variable in free-living walking because of
pauses for traffic lights or walking on curved roads. Therefore, it is
preferable that the discrimination be done over shorter time
periods. In contrast, we could discriminate with 10-s epochs of
data using TAU/TAF. Further research is required to determine the
effectiveness of our approach for measurements of daily life EE.

In addition, it is possible that TAU/TAF may increase even
during locomotive activities due to soft tissue movement or
loosening of the belt that attaches the device to the waist. Since our
study included only five subjects whose BMI was more than 30, we
do not kniow the degree to which soft tissue may influence the
results. It would be necessary to confirm whether our new
algorithm can be adjusted for subjects with abdominal obesity.

In conclusion, we have shown that it is possible to classify
locomotive and household activities using a single waist-mounted
triaxial accelerometer. By analyzing raw acceleration data, changes
in gravitational acceleration could be evaluated. The TAU/TAF ratio
during household activities was larger than that during locomotive
activities.
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ARTICLE INFO ABSTRACT

Available online 36 January 2009 Objective. Although environmental attributes related to physical activity is an emerging research topic,

most studies have been reported from Western countries. This study aimed to examine the relationship
between perceived environment and physical activity among Japanese adults.

Methods. The sample included 492 adults aged 20 to 74 years (61%: male) living in Tokyo and Himeji in
Japan. Primary measures were the short version of International Physical Activity Questionnaire and its
Environmental Module. Data were collected between October and December 2003. Odds ratio (OR) of
meeting physical activity recommendations was examined in relation to neighborhood environmental
characteristics, adjusted for age, sex, employment status and education.

Results. Three perceived environmental attributes were significantly related to walking 150 min/week or
more: high residential density (OR=1.82), good access to shops (OR=1.65) and presence of sidewalks
(OR=1.65). Two environmental attributes, access to shops (OR=2.32) and the presence of bike lanes
(OR=1.57), were related to high levels of moderate to vigorous physical activity (950 MET*min/week or
more).

Conclusion. Associations of physical activity with four environmental attributes emerged in this Japanese
sample. These results support the generalizability of findings on physical activity environments across
Western countries and Japan.
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Introduction

Regular physical activity reduces the risk of mortality, incidence of
cardiovascular diseases, diabetes and some kinds of cancers (U.S.
Department of Health and Human Services, 1996). However, large
proportions of the population in Japan and in many countries in the
world are insufficiently physically active (Haskell et al, 2007
Sjestrom et al., 2006). According to pedometer measurements in the
Japan National Health and Nutrition Survey 2005, only 21.3% of
Japanese walk more than 10,000 steps a day (Ministry of Health,
Labour and Welfare of Japan, 2008). Physical activity promotion is one
of the priorities of public health, but to establish effective intervention
strategies, evidence of physical activity correlates is needed. To date,
many studies have focused on individual demographics and psycho-
logical correlates. More recent research has revealed that certain
neighborhood environmental characteristics, such as residential
density, access to destinations, walking facilities, aesthetics, and

* Corresponding author. Fax: +81 3 3353 0162.
E-mail address: inoue@tokyo-med.acjp (S. Inoue),

0091-7435/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
doi:10.1016/j.ypmed.2009.01.014

safety also are consistently associated with physical activity (Saelens
and Handy, 2008; Gebel et al, 2007; Trost et al, 2002; Sallis and
Ower, 2002; Hill et al,, 2003; Humpel et al,, 2002; Owen et al,, 2004).
Manipulations of environmental variables are expected to have a long-
term and substantial impact on the population, which could
complement the usually short-term effects of individually-targeted
interventions.

Although an increasing number of studies examining the associa-
tion between physical activity and environment have been reported,
most studies were conducted in Western countries, especially in the
United States and Australia (Humpel et al., 2002; De Bourdeaudhuij’
et al,, 2003; Saelens et al,, 2003; Owen et al., 2004; Wendel-Vos et al,,
2007). On the other hand, few studies on physical activity and
neighborhood environments could be located in English language
journals from Asian countries including Japan (Takano et al, 2002).
Limited variability of environmental attributes where the studies were
conducted is one of the limitations of this research area. Thus, one of
the directions of this research area is to conduct studies in a greater
variety of cultures and geographic settings and to examine if
evidences from US and Australia could be generalized to other
countries.
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Japan is the most economically developed Asian country, but it has
a population density that is more than ten times greater than that of
the US. Because both the culture and physical environment are very
different from the US and Australia, while the level of economic
development is roughly comparable, Japan is an interesting country in
which to test the generalizability of built environment-physical
activity associations. The physical activity environment in Japan
appears to be different from the US and Australia on several
dimensions. For instance, in contrast to Australia, the low proportion
of commuters who drive their cars to work, only 32% in the Tokyo
metropolitan area and 36% in the Osaka metropolitan area (Ministry
of Land, Infrastructure, Transport and Tourism, 2008), compared with
80.1% in Australia (Australian Bureau of Statistics. 2006), may be due
to environmental differences, such as the extent of walkable
environment and the developmient of public transportation network,
between the two countries. The difference of overweight prevalence
(BMI=>25 kg/m?) between Japan; 27.6% in males, 21.4% in females
(Ministry of Health, Labour and Welfare of Japan, 2008) and the US;
70.8% in males, 61.8% in females (Ogden et al., 2006) may be partially
explained by the differences in environment and physical activity.

In the present study, we examined the association between the
perceived neighborhood environment and physical activity among
Japanese adults using the International Physical Activity Question-
naire and its Environmental Module.

Methods
Participants and data collection

Four hundred and ninety-two Japanese adults aged 20 to 74 years
(61%: male) were recruited. Study collaborators at eight worksites,
including four universities and four private companies, approached
employees at the worksites or their acquaintances as potential
research volunteers. Seven of eight worksites were located in and
around the Tokyo metropolitan area, while one was in Himeji city,

Table 1

located in western Japan, which has a population of about 536,000. If
the person was interested in joining the survey, the collaborator
delivered a study consent form and a set of self-administered
questionnaires for data collection. To examine the test-retest
reliability, 93 of the 492 participants were asked to answer the same
questionnaire after a 7-day interval. Written informed consent was
obtained from all participants. Data were collected between October
2003 and December 2003.

Environmental measure and its translation

The International Physical Activity Questionnaire Environment
Module (IPAQ-E) was used to measure perceived neighborhood
environmental attributes related to physical activity. This question-
naire was originally developed as an optional component of the
International Prevalence Study of Physical Activity (Craig et al,, 2003).
Most questions were taken or adapted from previous measures
developed in the United States (Addy et al,, 2004; Saelens et al,, 2003).
The IPAQ-E consists of 17 questions; 7 core items, 4 recommended
items, and 6 optional items. In this study, we used 11 items, including
core and recommended items (Table 1). These questions refer to a
neighborhood environment where the person could walk within 10 to
15 min from their residences. Nine of 11 items, excluding residential
density and household motor vehicles, involve statements which
explain neighborhood features believed to be related to physical
activity, followed by four response options: strongly disagree, some-
what disagree, somewhat agree and strongly agree. The residential
density item asks about the main types of houses in neighborhoods
(e.g., detached single-family residences, condos, apartments), with
higher scores indicating higher densities. The question about motor
vehicles concerns the number of motor vehicles in the participant's
household. The Swedish version of IPAQ-E has shown good test-retest
reliability (Alexander et al., 2006).

In this study, the Japanese version of the IPAQ-E was used. The
original English version was directly translated into Japanese. The

Items of international physical activity questionnaire environmental module in original English version

Scale composition ftems

Response categories

Residential density

Access to shops

What is the main type of housing in your neighborhood?

Detached single-family residences/townhouses,

row houses, apartments, or condos of 2-3 storeys/mix
of single-family residences and townhouses, row houses,
apartments or condos/apartments or condos of 4-12
storeys/apartments or condos of more than 12 storeys

Many shops, stores, markets or other places to buy things

I need are within easy walking distance of my home, Would

you say that you...
Access to public transport

It is within a 10-15 minute walk to a transit stop (such as bus,

train, trolley, tram) from my home. Would you say that you...

Presence of sidewalks
Would you say that you...
Presence of bike lanes

There are sidewalks on most of the streets in my neighborhood.

There are facilities to bicycle in or near my neighborhood, such

as special lanes, separate paths or trails, shared use paths for cycles

and pedestrians. Would you say that you...
Access to recreational facilities

My neighborhood has several free or low-cost recreation
facilities, such as parks, walking trails, bike paths, recreation

Strongly disagree/somewhat disagree/somewhat
agree/strongly agree

centers, playgrounds, public swimming pools, etc. Would you

say that you...

Crime safety The crime rate in my neighborhood makes it unsafe to go on walks
at night. Would you say that you...

Traffic safety There is so much traffic on the streets that it makes it difficult or

unpleasant to walk in my neighborhood. Would you say that you...

Social environment

1see many people being physically active in my neighborhood.

Physically active means doing things like walking, jogging, cycling,
or playing sports and active games. Would you say you...

Aesthetics
neighborhood, Would you say that you...
Household motor vehicles
are there at your household?

How many motor vehicles in working order (e.g., cars, trucks, motorcycles)

There are many interesting things to look at while walking in my

Number of household motor vehicles
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translation was conducted according to the standardized translation
manual of IPAQ (IPAQ website, 2008). At first we made sure of the
concept of each question via discussion with the IPAQ Reliability and
Validity Committee. Then the questionnaire was translated into
Japanese by two independent physical activity researchers. These
translations were reviewed by a group of bilingual individuals to
develop the first draft. After the pilot test of the first draft, the wording
. was revised. Then a bilingual person who was not a researcher and
who had no conflicts of interest in this research back-translated it into
English. Finally, the translation was checked up by the IPAQ Reliability
and Validity Committee. Then, the Japanese version of IPAQ-E was
adopted. Table 1 indicates the contents of IPAQ-E according to the
wording of the original English version. The Japanese version of IPAQ-
E is available from website (Japanese version of IPAQ-E website, 2008).

Physical activity measure

To assess physical activity, the self-administered, short form of
IPAQ was used (Craig et al.,, 2003; Murase et al., 2002). Participants
were asked about the frequency and duration of vigorous activity,
moderate activity and walking for all purposes such as transportation,
work, recreation and household chores. To avoid overlap, moderate
activity did not include walking.

In this study, two variables, walking time (min/week) and total
moderate to vigorous physical activity (MVPA) energy expenditure
(MET*min/week) were used as dependent variables. MET means
Metabolic Equivalent and is a unit of intensity of activity. One MET is
equivalent to the intensity of resting while sitting. Walking time was
calculated using frequency and duration of walking. MVPA was
calculated according to the IPAQ scoring manual (IPAQ website,
2008). MET values used in the calculation were 8 METs for vigorous
-activity, 4 METs for moderate activity and 3.3 METs for walking.

The reliability and validity of this questionnaire in 12 countries,
including Japan, has been reported. Test-retest reliability for total
physical activity of the Japanese IPAQ was adequate (Spearman's
rho=0.76). Criterion validity for total physical activity assessed
against the accelerometer was comparable to other survey measures
(Spearman's rho =0.32) (Craig et al,, 2003).

Statistical analyses

The reproducibility of the Japanese IPAQ-E was evaluated by test—
retest with a 7-day interval, calculating the Spearman rank-correlation
coefficient and Kappa statistic for each question.

To examine the relationship between the neighborhood environ-
ment as the independent variable and physical activity, i.e. walking
time and MVPA, as the dependent variable, odds ratios of meeting
walking and physical activity criteria were examined using logistic
regression models. For the analysis, environmental variables were
converted into dichotomous variables. For residential density, the
choice of ‘detached single-family residences’ formed a category
indicating low residential density, while others were included in
another category indicating high residential density. As to the number
of household motor vehicles, responses were categorized as ‘none’
and as ‘one or more’. Regarding other questions, responses were
classified into two categories of agree (strongly agree and somewhat
agree) and disagree (somewhat disagree and strongly disagree). For
walking, participants were classified as active if they walked 150 min
or more, consistent with current physical activity guidelines (Haskell
et al., 2007). MVPA was divided into two levels at the median of all
participants: >950 MET*min/week or more, and <950 MET*min/
week. To calculate odds ratios, the references were environmental
characteristics expected to be associated with lower levels of physical
activity, meaning that an odds ratio of more than 1.00 indicates an
expected positive association. All odds ratios were adjusted for
reported age, sex, employment status and educational level.

Significance was considered to be at a level of P<0.05. Analyses
were conducted by SPSS ver15.0 for Windows (SPSS Inc., Chicago, IL,
USA).

Results

Table 2 presents the demographic characteristics of participants.
The sample included 62% of male. Age was widely distributed from 20
to 74 years, and the mean age (SD) was 42 (12) years. The locations of
participants were mainly urban settings. In this population, 43% of
participants walked more than 150 min/week. The characteristics of
93 participants for test-retest reliability were similar to the overall
sample.

Spearman correlation coefficients and Kappa statistics for test-
retest reliability of the questionnaire are shown in Table 3. Spearman
correlation coefficients were from 0.79 for the presence of bike lanes
to 0.99 for residential density. Kappa statistics were also good and
ranged from 0.63 for the presence of bike lanes to 0.97 for residential
density.

Logistic regression analyses revealed that three of eleven environ-
mental attributes were significantly associated with walking (Table 4).
Participants were more likely to walk 150 min/week or more when
they perceived high residential density (OR, 95% CI: 1.82, 1.16-2.84),
good access to shops (OR, 95% Cl: 1.65, 1.05-2.58) and presence of
sidewalks (OR, 95% CI: 1.65, 1.13-2.42). The number of household
motor vehicles indicated borderline association with walking. Parti-
cipants who did not have motor vehicles in their household were
more likely to satisfy the criterion of 150 min of walking per week (OR,
95% CI: 1.54, 0.99-2.41). All of these associations were in the expected
direction. Regarding the association of meeting the MVPA criterion
with environmental attributes, people who perceived good access to
shops (OR, 95% Cl: 2.32,1.47-3.66) and presence of bike lanes (OR, 95%
Cl: 1.57, 1.04-2.36) reported more physical activity. Three additional
environmental attributes, the presence of sidewalks, aesthetics and

Table 2
Characteristics of participants (Tokyo and Himeji, Japan, 2003)

QOverall sample Test-retest

reliability sample®

n{%) n (%)

Sex : : . g

Male . 303 (61.6) 58 (62.4)

Female ) 189 (384) 35 (37.6)
Age (years)

20-39 253 (514) 49 (52.7)

40-59 181 (36.8) 30 (32.3)

60- 58 (11.8) 14 (15.1)
Education (years) ;

~12 ) 125 (25.7) 19(20.7)

13- - 361 (743) 73 (79.3)
Employment status (h/week) . .

>40 - 336 (68.6) 62 (68.1)

<40 . s 154 (314) 29 (31.9)
Location (population of city)

100,000- 227 (556) 51 (64.6)

30,000-99,999 99 (24.3) 18 (22.8)

-29,999 74 (181) - 2(25)

Unknown 8(20) "8 (10.1)
BMI (kg/m?) .

=249 400 (81.5) 72 (78.3)

25.0-299 80 (16.3) 18 (19.6)

30.0- 11(22) 2(2.2)
Walking (min/week)

150- 211 (429) 38 (40.9)

-149 281 (571) - 55 {59.1)
MVPA® (MET*min/week) - _E

950- - 245(49.8) 45 (48.4)

~949 : 247 (502) 48 (51.6)

@ Participants in the test-retest reliability sample are included in the overall sample.
b MVPA: moderate to vigorous physical activity.
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Table 3
The reproducibilities of each item of the Japanese IPAQ Environmental Module
estimated by test-retest with a seven day interval (Tokyo and Himeji, Japan, 2003)

Spearman's correlation Pvalues Kappa  Pvalues

coefficients statistics
Residential density 099 <0.001 097 <0.001
Access to shops 030 <0.001 0.85 <0.001
Access to public transport 0.83 <0.001 079 <0.001
Presence of sidewalks 0.85 <0.001 067 <0.001
Presence of bike lanes 0.79 <0001 063 <0.001
Access to recreational facilities 0.82 <0.001 0.75 <0.001
Crime safety 0.86 <0.001 071 <0.001
Traffic safety 0.82 <0.001 069 <0.001
Social environment 0.88 <0.001 078 <0.001
Aesthetics 0.90 <0.001 0.83 <0.001
Household motor vehicles 0.96 <0.001 0.91 <0.001

household motor vehicles, also showed borderline associations with
MVPA.

Discussion

The results of this study demonstrated that 4 of 11 environmental
variables: residential density, access to shops, presence of sidewalks
and presence of bike lanes, were significantly associated with walking
or MVPA among Japanese adults. Adults who reported living in
neighborhoods with high residential density, good access to shops,
presence of sidewalks, and presence of bike lanes had higher physical
activity levels. In addition, borderline significant associations between
physical activity and 2 additional environmental variables; aesthetics

Table 4

and household motor vehicles were observed. The environmental
measures used in the present study have been developed and used
mainly in Western countries, such as the United States and Australia
(Humpel et al,, 2002; Saelens et al,, 2003; Owen et al,, 2004, Mota
et al., 2005). To date, few studies have been reported from Asian
countries, where neighborhood environmental characteristics and
physical activity patterns of people are different from Western
countries (Takano et al, 2002). Present results indicate that the
same kinds of neighborhood attributes related to physical activity in
Western countries are also related to physical activity among
Japanese. In other words, these results support the generalizability
of previous findings in Western countries to different environments
and cultures like Japan.

On the other hand, five environmental variables: access to public
transport, access to recreational facilities, crime safety, traffic safety
and social environment were not significantly related to physical
activity among Japanese adults. There are some possible reasons for
these results. As for access to public transport, 85% of participants in
this study reported good access. This clustering of responses may
cause weak statistical power and the result of no significant relation-
ship. Access to recreation facilities has been related repeatedly to
leisure time physical activity (Humpel et al,, 2002; Gebel et al,, 2007).
However, in this study, we used the short version of IPAQ which did
not assess specific purposes of physical activity, leading to a limited
test of the hypothesis regarding recreation facilities. Environmental
attributes regarding crime safety and traffic safety were not related to
physical activity. These issues may be more relevant in specific
populations such as women, children, and older adults. Results,
especially for crime safety, have been inconsistent in the previous

Qdds ratios for environmental variables and likelihood of subjects meeting walking and physical activity criteria (Tokyo and Himeji, Japan, 2003)

n (%) Walking>= 150 min/week " MVPA*>==950 MET*min/week
Odds ratios 95% CI° P values 0dds ratios 95% CI P values

Residential density
High 111 (23.6) 182 (1.16,2.84) 0.009 107 (0.69, 1.68) 0.753
Low 360 (76.4) 1.00 1.00

Access to shops
Good 373 (76.7) 165 (1.05, 2.58) 0.029 232 (147, 3.66) <0.001
Poor 113 (23.3) 1.00 1.00

Access to public transport .
Good 420 (86.4) 143 (0.82,248) 0.205 150 (0.87,2.59) 0.148
Poor 66 (13.6) 1.00 1.00

Presence of sidewalks
Yes 288 (59.6) 165 (113, 2.42) 0.010 139 (0.95, 2.04) 0.087
No 195 (40.4) 1.00 100

Presence of bike lanes
Yes 140 (29.0) 0.93 (0.62, 1.40) 0.738 1.57 (1.04, 2.36) 0.032
No 343 (71.0) 1.00 1.00

Access to recreational facilities
Good 283 (58.4) 114 {0.79, 1.66) 0.484 1.09 (0.75, 1.58) 0.663
Poor . 202 (41.6) 1.00 100

Crime safety .
Safe 321 (66.6) 130 (0.87,1.94) 0.200 137 (0.92, 2.04) 0.126
Not safe 161 (33.4) 1.00 100

Traffic safety
Safe 309 (63.8) 0.80 (0.55,117) 0.258 1.01 (0.69, 1.48) 0.963
Not safe 175 (36.2) 1.00 1.00

Social environment
Good 318 (65.6) 1.05 (0.72,1.55) 0.795 135 (0.92,1.99) 0,128
Poor 167 (34.4) 1.00 1.00

Aesthetics
Good 216 (44.5) 1.04 (0.71,1.50) 0.855 138 (0.95,2.02) 0.090
Poor 269 (55.5) 1.00 1.00

Household motor vehicles
None 107 (22.0) 154 (0.99, 2.41) 0.055 147 (0.93,2.32) 0.097
One or more 379 (78.0) 1.00 1.00

Note. All odds ratios were calculated, adjusted for age, sex, employment status and educational attainment. The references were the categories which were hypothesized to be

associated with lower levels of physical activity.
* MVPA: moderate to vigorous physical activity.
b (1: confidence interval,
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studies (Humpel et al., 2002). Due to the relatively small sample size
of this study, stratified analyses of these demographic characteristics
were not conducted in this study. Further studies are needed to
examine associations of specific environments with specific physical
activities among specific populations.

IPAQ (Craig et al., 2003) and IPAQ-E, internationally-standardized
measurement tools, were used in this study. Translation into Japanese
was strictly conducted according to the standardized manual of IPAQ.
Test-retest reliability of the Japanese IPAQ-E was supported in this
study. The ICCs of items in the Swedish version were from 0.47 to 0.98
(Alexander et al, 2006). The Japanese version of IPAQ-E also
demonstrated good reliability in this study.

There are several limitations in this study. Due to the cross-
sectional design, we were unable to address the direction of the
causality. Secondly, the sample was relatively small and consisted of
volunteers as participants and therefore not a representative of the
general population in Japan. This study supports the generalizability of
findings from previous studies in Western countries to Japan.
However, there might be limited generalizability of findings among
the Japanese population. Thirdly, we used the short form of IPAQ
which did not differentiate domain-specific physical activity, such as
leisure time and transportation activities. Thus, we were not able to
examine activity-specific associations with environmental attributes
that were expected (Owen et al., 2004). Fourth, residential preference
which is controlled as covariate in recent studies was not assessed in
this study. However, this study, conducted in Japan where people live
in different environmental characteristics and have different physical
activity patterns from Western countries, is important for better
understanding environmental attributes related to physical activity.
Studies of specific physical activity-environment relationships in
specific populations living in a variety of environments are needed to
clarify the role of environmental effects in shaping physical activity.

Conclusion

Four environmental variables, residential density, access to shops,
presence of sidewalks and presence of bike lanes, were significantly
associated with walking or moderate to vigorous physical activity
among Japanese adults. These results support the generalizability of
findings from previous studies conducted in Western countries to
Japan and suggest that targeting these environmental characteristics
could be an effective strategy for promoting physical activity.
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ABSTRACT

Background: The perception of barriers to exercise is an important correlate of exercise participation. However,
only a limited number of studies—mostly from Western countries—have attempted to describe the perceptions of
barriers to exercise in specific population groups. This study examined the associations between sociodemographic
attributes and perceived barriers to exercise in Japanese adults.

Methods: A population-based cross sectional study of 865 participants (age: 20-69 years old, men: 46.5%) was
conducted in 4 cities in Japan. Nine sociodemographic attributes (sex, age, location of residence, educational
attainment, marital status, employment status, presence of dependents in the household, self-rated health, body mass
index), along with exercise frequency and perception of barriers to exercise (discomfort, lack of motivation, lack of
time, lack of social support, poor environment) were assessed by self-administered questionnaire.

Results: The most strongly perceived barrier was lack of time. Five of 9 sociodemographic attributes were
significantly related to certain types of perceived barriers. Participants who more strongly perceived barriers were
younger, more highly educated, more likely to be employed, and had relatively poor self-rated health and a high BMIL
The specific types of barriers that were strongly perceived varied with the sociodemographic attributes of the
participants.

Conclusions: The results show that the perception of barriers to exercise varies among specific population groups,

which indicates the importance of targeting exercise promotion strategies to specific populations.

Key words: exercise; physical activity; perceived barrier; sociodemographic correlates

INTRODUCTION

Although regular physical activity reduces the risks of
morbidity and mortality of diseases such as cardiovascular
disease, diabetes, and cancer,! a large proportion of the adult
population is not sufficiently physically active to gain these
health benefits. In Japan, only 31% of men and 28% of
women engage in 30 minutes or more of exercise 2 or more
times per week.? A similarly low prevalence of exercisers has
been noted in many countries in the world. For example, in the
United States less than half the adult population meets the
physical activity recommendation to participate in at least 30
minutes of moderately intense physical activity on most days
of the week.>* Physical activity promotion remains one of the
priorities of public health.

The World Health Organization Guide for Population-
based Approaches to Increase Levels of Physical Activity

encourages national action plans, including large-scale
interventions to reach the whole population.’ This guide
also emphasizes that, “Some interventions may be tailored to
specific population groups, such as adults, children, older
persons, employees, people with disabilities, women, men,
cultural groups, and people at risk to develop non-
communicable diseases.” To accomplish this, determinants
of physical activity among specific population groups must be
understood.

Exercise is an important domain of physical activity.
Therefore, understanding exercise determinants is a key area
of physical activity promotion. Perceptions of barriers to
exercise can be important determinants of exercise
participation.®® Janz et al’ indicated that, “Perceived
barriers will be strong predictors of behavior change.”
According to the health belief model, a person will have a
negative attitude toward exercise as a means to promote health

Address for correspondence. Shigeru Inoue, Department of Preventive Medicine and Public Health, Tokyo Medical University, 6-1-1 Shinjuku, Shinjuku-ku,
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when there are more perceived barriers than benefits.!
Strategies that consider barriers should be incorporated into
interventions to promote exercise.!! Thus, the understanding
of perceived barriers among specific population groups is
important for promoting exercise.

Studies have examined the perception of barriers in
convenience samples'? and among specific populations, such
as students and overweight persons.®!3'S However, there
have been only a limited number of population-based studies,
which were conducted in Europe,!” Brazil,'® and Australia.!®
These studies demonstrated that perception of barriers
varied according to the sociodemographic attributes of
the populations. In addition, the relationships differed by
country. Therefore, conducting research in a number of
countries should prove useful in better understanding
exercise behavior. There are few published studies on
sociodemographic variation in perceived barriers to exercise
among Japanese.'>?° The present study therefore examined
the perception of barriers to exercise in specific population
groups among Japanese adults.

METHODS

Participants and data collection

In this cross-sectional study, data were collected from
February 2007 through January 2008. A ftotal of 4000
residents, aged 20 to 69 years, who lived in 4 Japanese
cities (Koganei, Tsukuba, Shizuoka, Kagoshima) were
randomly selected from the registry of residential addresses
of each city, and stratified by sex (male/female), age (20-29
years, 30-39 years, 40-49 years, 50-59 years, and 60-69
years), and city of residence so that the sample included 2000
subjects of each sex, 800 subjects of each age category, and
1000 subjects from each city. As a result, the addresses of 100
subjects of a specific sex, in a specific age category, and living
in a specific city were obtained. Four divergent Japanese cities
were chosen in order to account for lifestyle variations.
Koganei is a suburban city of Tokyo; Tsukuba is a university
town located 50 km northeast of Tokyo; and Shizuoka and
Kagoshima are middle-sized cities located in central and west
Japan, respectively.

Because of the large number of questions and the use of an
accelerometer for other purposes of this project, the survey
was divided into 2 parts. Both parts of the survey were
conducted by mail. Questionnaires were sent to and collected
from participants via post. Participants who agreed to
participate in the second survey were sent the muaterials
approximately 7 days after receiving their response to the first
survey. Participants were asked to sign the questionnaire
before answering. The first survey was a self-administered
questionnaire that included questions on sociodemographic
status and exercise habits. The second survey consisted of a
7-day accelerometer survey and a second self-administered
questionnaire with additional items, which included the scale

J Epidemiol 2009;19(4):161-168

of perceived barriers to exercise. To obtain a better response
rate, participation letters that described the contents of the
study were sent to all 4000 subjects 2 weeks before the first
survey. During the survey, a call center was set up for subjects
who had enquiries regarding the survey. For nonrespondents,
requests to join the survey were mailed twice. If the survey
was incomplete, we asked the participant to redo the survey.
As a result, among the 4000 residents asked to participate,
1508 (37.7%) responded to the first survey; 865 (57.4%) of
these 1508 participated in the second survey, which resulted in
a final response rate of 21.6%. The response rates for the 4
cities were 20.7% (Tsukuba, 207/1000), 24.8% (Koganei,
248/1000), 22.2% (Shizuoka, 222/1000), and 18.8%
(Kagoshima, 188/1000), respectively. In this study, we used
data on sociodemographic status and exercise habits from the
first survey and data on perceived barriers to exercise from the
second survey. ”

All participants signed an informed consent document
before answering the questionnaire. This study received prior
approval from the Tokyo Medical University Ethics
Committee.

Measures

Perceived barriers to exercise

The Perceived Barriers to Exercise Scale® was the dependent
variable. All items of this scale and Cronmbach’s alpha
coefficients in this study sample are shown in Table 1. The
scale consists of 5 subscales: (1) “discomfort,” which
comprises 7 items, including “causes sore muscles” and “get

20

Table 1. Scale for perceived barriers to exercise

Factors ltems Alpha*

Discomfort 0.85
Causes sore muscles
Look silly
Too uncoordinated
Too boring
Get hot and sweaty
Too fatigued by exercise
Uncomfortable

Lack of motivation 0.70
Too lazy

. Lack of motivation

Lack of time 0.85
Too busy
Not enough time
Too much work to do
Interferes with work
Too tired

Lack of social support 0.73
Family does not encourage
Friends do not exercise
interferes with social life
No one to exercise with

Poor environment 0.60
Bad weather
Lack of facilities

*Cronbach’s coefficient alpha.
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hot and sweaty” (Cronbach’s alpha, 0.85), (2) “lack of
motivation,” which comprises “too lazy” and “lack of
motivation” (0.70), (3) “lack of time,” which comprises 5
items, including “too busy” and “not enough time” (0.85), (4)
“Jack of social support,” which comprises 4 items, including
“family does not encourage” and “friends do not exercise”
(0.73), and (5) “poor environment,” which comprises “bad
weather” and “lack of facilities” (0.60). Participants provided
ratings on a S-point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree) to the statement: “When I do
not exercise, the important bamrier is ...” followed by 20
barrier items. The mean values of the number of selected
choices were calculated as scores of factors (range, 1 to 5). A
higher score meant a stronger perception of the barrier. The
factor structure, reliability, and criterion-related validity of the
scale, as compared with the stage of change in exercise
behavior, were confirmed in a previous study.?
Sociodemographic attributes and exercise habits

Sex, age, location of residence, educational attainment,
employment status, marital status, presence of dependents
(living with a child or a person in need of care), self-rated
health, body mass index (BMI), and exercise habits were
assessed by self-administered questionnaire. In this study, a
child was defined as a junior high school student or younger.
Self-rated health was measured with a single item that asked
participants to rate their health. Participants chose the most
suitable answer from a 5-point scale: excellent, very good,
good, fair, and poor, for the statement of, “In general, would
you say that your health is ...?”. BMI was calculated based on
self-reported weight and height. Regular exercise frequency
(days/month) in a typical month was queried if the participant
engaged in exercise for at least 60 minutes per month.

Statistical analysis

The Mann—Whitney U test and Kruskal-Wallis test were used
to examine differences in perceptions of barriers to exercise by
sociodemographic attributes. Responses to sociodemographic
attributes and exercise habits were categorized as: sex
(men/women), age (20-39 years/40-59 years/60—69 years
old), location of residence (Tsukuba/Koganei/Shizuoka/
Kagoshima), educational attainment (<13 years/>13 years),
employment status (employed/not employed), marital status
(married/not married), presence of dependents (living with a
child or a person in need of care/without dependent), self-rated
health (good: excellent, very good, or geod/fair or poor: fair or
poor), BMI (<25.0/>25.0), and exercise habits (<3 days/week/
>3 days/week). To examine the independent relationships
between each sociodemographic variable and perceived
barriers to exercise, multiple logistic regression analyses
were conducted. For these analyses, all 9 sociodemographic
variables were included in the model. Scores for perceived
barriers were converted into dichotomous variables at the
median. Locations of residences were included in the model as
dummy variables. The odds of higher perceived barriers for

the 9 sociodemographic attributes (sex, age, location of
residence, educational attainment, employment status, marital
status, presence of dependents, self-rated health, and BMI)
were calculated. A P value of less than 0.05 was considered
to indicate statistical significance. All statistical analyses
were performed with SPSS 12.0J for Windows, SPSS Inc.,
Chicago, USA.

RESULTS

Participant characteristics

Table 2 shows the characteristics of the participants. In the
overall sample, 46.5% of the participants were men. The mean
age (SD: standard deviation) was 47.9 (13.9) years old.
Average BMI was 23.5 (3.0) in men and 21.5 (3.1) in women.
The percentage of regular exercisers (>3 days/week) was
19.4% in men and 22.3% in women. The characteristics
of participants living in each city are also shown in Table 2.
The prevalence of exercisers and 3 sociodemographic
variables—educational attainment, employment status, and
living status—significantly differed by city.

 Associations between perceived barriers and

sociodemographic attributes

Among the overall sample, the medians (25th percentile to
75th percentile) of barrier scores were lack of time 3.0
(2.3-3.8), lack of motivation 2.9 (2.1-3.7), poor environment
2.2 (1.4-3.0), discomfort 1.8 (1.3-2.4), and lack of social
support 1.6 (1.1-2.3) (Table 3). Perceptions of barriers to
exercise differed significantly for 8 of 9 sociodemographic
attributes and by exercise habit. Only location of residence
was not related to perceived barriers. Men perceived
significantly stronger barriers to exercise, as did participants
who were younger, more highly educated, not married,
employed, living with a child or person in need of care,
overweight, nonexercisers, and had poorer self-rated health.
Subscales of perceived barriers related to these variables
differed by sociodemographic attributes. For example,
subscales related to age were lack of motivation and lack of
time, while those related to BMI were discomfort, lack of
social support, and poor environment. .

Table 4 shows the odds ratios of participants who
perceived higher barriers. According to the results, 5 of
9 variables—age, education, employment status, self-rated
health, and BMI—were independently related to the
perception of barriers. Sex, location of residence, marital
status, and presence of dependents were not associated with
barrier perception. Younger participants perceived lack of
motivation and lack of time more strongly than did
older participants. Middle-aged participants perceived poor
environment as a less of a barrier than did those who were
older (6069 years old). As for employment status, employed
participants strongly perceived lack of time. Poorer self-rated
health was significantly related to strong perceptions of

J Epidemiol 2009;19(4):161-168
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Table 2. Descriptive characteristics (numbers and percentages) of subjects and subsamples

Overall Men Women Tsukuba Koganei Shizuoka  Kagoshima
n = 865 n =403 n =462 P value* n =207 n =248 n=222 n =188 P valuet
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Age, years
20-29 135 (15.6) 52 (12.9) 83 (18.0) 37 (17.9) 36 (14.5) 31 (14.0) 31 (16.5)
30-39 140 (16.2) 53 (13.2) 87 (18.8) 36 (17.4) 40 (16.1) 33 (14.9) 31 {(16.5)
40-49 185 (21.4) 85 (21.1) 100 (21.6) 48 (23.2) 50 (20.2) 53 (23.9) 34 (18.1)
50-59 188 (21.7) 104 (25.8) 84 (18.2) 43 (20.8) 51 (20.6) 51 (23.0) 43 (22.9)
60-69 217 (25.1) 109 (27.0) 108 (23.4) 43 (20.8) 71 (28.6) 54 (24.3) 49 (26.1)
Mean + SD 479+139 493+135 4661143 0.001 455+137 487+141 483+13.9 473+143 0.090
Education, years o
<13 332(38.6) 148 (37.1) 184 (39.8) 0.440 74 (35.9) 62 (25.2) 101 (45.5) 95 (50.8) <0.001
213 529 (614) 251 (62.9) 278(60.2) 132 (64.1) 184 (74.8) 121 (54.5) 92 (49.2)
Marital status
Married 650 (75.5) 321 (79.9) 329(71.7) 0.005 153 (74.6) 183(74.1) 179 (81.0) 135(71.8) 0.148
Not married 211 (24.5) 81 {20.1) 130 (28.3) 52 (25.4) 64 (25.9) 42 (19.0) 53 (28.2)
Employment status
Employed 644 (74.5) 345 (85.6) 299 (64.9)  <0.001 169 (81.6) 179 (725) 172(77.5) 124 (66.0) 0.002
Not employed 220 (25.5) 58 (14.4) 162 (35.1) 38 (18.4) 68 (27.5) 50 (22.5) 64 (34.0)
Living with a child or person in need of care
Yes 313(36.2) 136(33.8) 177(38.3) 0.178 87 (42.0) 75 (304) 94 (42.3) 57 (30.3) 0.004
No 551 (63.8) 266 (66.2) 285 (61.7) 120 (58.0) 172(69.6) 128 (57.7) 131(69.7)
Self-rated health ‘ :
Fair or poor 407 (47.2) 205 (50.9) 202 (43.9) 0.047 98 (47.8) M7 (47.2) 111 (50.0) 81 (43.1) 0.571
Goad 456 (62.8) 198 (49.1) 258 (56.1) 107 (52.2) 131 (52.8) 11 (50.0) 107 (56.9)
BMI, kg/m?
<25 689 (79.9) 288 (71.8) 401 (87.2) 161 (77.8) 204 (82.6) 181 (81.5) 143 (76.9)
225 173{20.1) 114 (28.4) 59 (12.8) 46 (22.2) 43 (17.4) 41 (18.5) 43 (23.1)
Mean + SD 22432 235+30 215+31 <0.001 225+3.3 223+3.2 224+32 224432 0.926
Exercise, days/week
<3 684 (79.1) 325(80.8) 359 (77.7) 0.315 156 (75.4) 202 (81.5) 163 (73.4) 163 (86.7) 0.004
23 181 (20.9) 78 (194) 103 (22.3) 51 (24.8) 46 (18.5) 59 (26.6) 25 (13.3)

Abbreviations: BMI, body mass index; SD, standard deviation.

*Comparisons between men and women, using the chi-square test or t-test.
tComparisons between locations of residence, using the chi-square test or ANOVA.
The total numbers of respondents are not always equal, due to missing data.

discomfort, lack of motivation, and lack of social support.
Regarding BMI, overweight participants (>25.0) perceived
stronger barriers of discomfort, lack of social support, and
poor environment.

DISCUSSION

This study examined specific barriers to exercise perceived by
populations of Japanese adults characterized by 9
sociodemographic attributes. The results indicated that 5 of
9 sociodemographic attributes were independently related to
perception of barriers. In general, those who perceived higher
barriers were younger, more highly educated, employed, had
fair or poor self-rated health, and a high BMIL The specific
types of perceived barriers varied by sociodemographic
characteristics. For example, age was related to lack of
motivation, lack of time, and poor environment, but not to
other barriers. As for BMI, discomfort, lack of social support,
and poor environment were more strongly perceived among
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overweight participants. Additional associations between
population characteristics and specific types of barriers were
also revealed in this study. These findings are important to
better understand the correlates of exercise habits among
specific population groups, and have implications for the
development of exercise promotion strategies that are adjusted
to the needs of target populations.

Among all participants, lack of time was the barrier for
which the médian was highest. As compared to 3 studies from
other countries using population-based samples, our results
are similar to those of the European!” and Australian'® studies,
but not to those of the Brazilian study.!® Because these studies
used different scales to measure barriers, comparison and
interpretation of the results must be undertaken carefully.
Depending on the wording of items in each study, work/study,
no time, and lack of time were the strongest barriers,
respectively, in the European, Australian, and the present
study, while in the Brazilian study, lack of money was
reported as the strongest barrier. Lack of time was fourth-
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Table 3. Comparison of scores for perceived barriers to exercise, by sociodemographic variables and exercise habits

Discomfort Lack of motivation Lack of time Lack of social support  Poor environment
n*
Median (25%-75%)" Median (25%-75%)" Median (25%-75%)  Median (25%—75%)" Median (25%—75%)t
Overall 1.8 (1.3-2.4) 2.9 (2.1-3.7) 3.0 (2.3-3.8) 1.6 (1.1-2.3) 2.2 (1.4-3.0)
Sex
Male 403 2.0 (1.4-2.5) 2.9 (2.1-3.7) 3.0 (2.3-3.8) 1.8 (1.1-2.4) 2.3 (1.5-3.0)
Female 462 1.7 (1.3-2.4) 3.0 (2.2-3.6) 3.1 (2.3-3.8) 1.6 (1.1-2.2) 22 (1.4-3.0)
P valuet 0.028 0.944 0.952 0.102 0.282
Age, years
20-39 275 1.8 (1.3-2.5) 3.1(2.3-3.9) 3.3 (2.6-3.9) 1.6 (1.1-2.3) 2.3 (1.4-3.1)
40-59 373 1.9 (1.4-2.5) 3.0 (2.2-3.7) 3.2 (2.5-3.9) 1.6 (1.1-2.3) 2.1 (1.4-2.9)
60-69 217 1.8 (1.3-2.4) 2.6 (1.8-3.3) 24 (1.7-3.2) 1.6 (1.1-2.3) 24 (1.5-3.0)
P value’ 0.320 <0.001 <0.001 0.706 0.155
Location of residence
Tsukuba 207 1.8 (1.3-2.5) 29 (2.1-3.7) 3.0 (2.3-3.9) 1.6 (1.1-2.3) 2.2 (14-3.0)
Koganei 248 1.8 (1.4-24) 3.0 (2.3-3.8) 3.1 (2.5-3.7) 1.6 (1.1-2.2) 2.3 (1.6-3.0)
Shizuoka 222 1.9 (1.3-2.5) 3.0 (2.2-3.6) 3.0 (2.2-3.9) 1.7 (1.1-2.4) 2.3 (1.5-3.0)
Kagoshima 188 1.8 (1.3-2.3) 2.8 (2.0-3.5) 2.9 (2.1-3.6) 1.7 (1.1-2.3) 2.1 (1.3-2.9)
P value’ 0.501 0.203 0.149 0.603 0.215
Education, years
<13 332 1.8 (1.4-2.5) 2.7 (1.9-3.4) 2.8 (2.1-3.8) 1.7 (1.1-2.3) 22 (1.4-3.0)
213 529 1.8 (1.3-24) 3.1(2.3-3.8) 3.2 (2.4-3.8) 1.6 (1.1-2.3) 2.2 (1.5-3.0)
P valuet 0.751 <0.001 0.001 0.193 0.979
Marital status
Married 650 1.9 (1.3-2.4) 2.9 (2.1-3.8) 3.0 (2.3-3.7) 1.6 (1.1-2.2) 2.2 (1.4-3.0)
Not married 211 1.8 (1.3-2.6) 3.0 (2.2-3.8) 3.2 (2.4-4.0) 1.7 (1.1-2.5) 2.3 {1.4-3.1)
P valuet 0.515 0.491 0.020 0.344 0.594
Employment status
Employed 644 1.8 (1.3-2.5) 3.0 (2.2-3.7) 3.2 (2.5-3.9) 1.6 (1.1-2.3) 2.2 (1.5-3.0)
Not employed 220 1.8 (1.3-2.4) 2.9 (2.0-3.5) 2.5 (1.7-3.2) 1.6 (1.1-2.3) 2.2 (1.4-3.0)
P valuet 0.600 0.317 <0.001 0.832 0.740
Living with a child or person in need of care
Yes 313 1.7 (1.3-2.5) 2.9 (2.0-3.7) 3.2 (24-3.9) 1.6 (1.1-2.3) 2.2 (1.4-3.0)
No 551 1.9 (1.4-24) 3.0(22-3.7) 3.0 (2.2-3.6) 1.6 (1.1-2.3) 2.2 (1.5-3.0)
P valuet 0.301 0473 0.010 0.941 0.944
Self-rated health
Fair or poor 407 2.1 (1.5-2.6) 3.1 (2.3-3.8) 3.0 (2.3-3.8) 1.8 (1.1-2.4) 2.3 (1.6-3.0)
Good 456 1.7 (1.2-2.3) 2.8 (2.0-3.5) 3.1 (2.3-3.8) 1.5 (1.1-2.2) 2.1 (1.3-3.0)
P valuet <0.001 <0.001 0.849 0.008 0.037
BMI, kg/m? '
<25 689 1.8 (1.3-2.4) 2.9 (2.1-3.7) 3.0 (2.3-3.7) 1.5 (1.1-2.3) 22 (1.4-2.9)
225 173 2.1 (1.4-2.8) 3.1 (2.4-3.7) 3.1 (2.2-3.9) 19 (1.2-2.4) 25 (1.7-3.3)
P valuet 0.010 0.169 0.732 0.028 0.001
Exercise, days/week
<3 684 1.9 (1.4-2.5) 3.0 (2.2-3.7) 3.1 (24-3.9) 1.7 (1.1-2.3) 2.3 (1.5-3.0)
23 181 1.5 (1.1-2.3) 2.7 (1.7-34) 2.8 (1.9-3.5) 1.3 (1.0-2.1) 22(1.3-3.0)
P valuet <0.001 <0.001 0.001 0.001 0.519

Abbreviation: BMI, body mass index.

Higher score means higher perception of a barrier to exercise.
*Total numbers of respondents are not equal, due to missing data.
TTwenty-fith and 75th percentiles.

The Mann-Whitney U test was used to compare the scares of barrier perception between groups.
$The Kruskal-Wallis test was used to compare the scores of barrier perception between groups.

ranked among the 8 barriers in the Brazilian study. Regarding
the relationship between sociodemographic characteristics and
this barrier, all studies reported that lack of time was perceived
more strongly among younger, as compared to older, age
groups. However, the relationship between sex and the lack of
time barrier is more complicated. In the European study, men

strongly perceived this barrier; however, it was perceived
more strongly among women in Brazil. By contrast, there
were no sex differences in the perception of time constraints in
either the present study or the Australian study. This suggests
that the associations between specific types of barriers
and population characteristics vary according to cultural
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