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Abstract
Objective
Perceived neighborhood environment (NE) is considered a determinant of daily physical activity (PA). However, evidence concerning differences among types of PA, gender, and age is limited. The study purpose was to clarify the association between NE and walking time (WT) or habitual exercise (HE) across gender, age, and employment status in a community–dwelling population of Japan.

Methods
A questionnaire mail survey with a stratified random 7,515 sampling was conducted in a northeast city in January 2007. Multiple logistic analysis was conducted to examine the associations between seven NE indices and WT or HE across gender, age, and employment status: 20–39 (young-employed), 40–59 (middle-employed), and 60–79 (old-employed or old-unemployed) after adjustment for age and means of transportation.

Results
A total of 3,806 residents (52.4 % females) completed the survey. Traffic and crime safety in old-unemployed males and proximity to service facilities and traffic and crime safety in middle-employed females were significantly associated with a low risk of insufficient WT. Proximity to service facilities in old-employed males, number of service facilities, places for walking, and good view in middle-employed females, and density of dwelling and proximity to service facilities in old-unemployed females were significantly associated with a low risk of non-HE.

Conclusions
The association between NE and WT or HE differed across type of PA, gender, age, and employment status, and was observed mainly in middle- and old-aged females. The middle- and old-aged female residents’ PA possibly were more influenced by their NE, and NE would contribute to promote active living.
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Introduction
Insufficient physical activity (PA) is the 4th leading risk factor for global mortality [1], and physically active living is widely recommended for preventing non-communicable diseases including coronary heart disease, type 2 diabetes, some cancers, clinical depression, and other chronic disorders [2]. The PA is any bodily movement produced by the skeletal muscles that uses energy. Moderate intensity PA includes walking or household chores, and vigorous intensity PA includes running, swimming or moving heavy loads. Current world public health recommendations emphasize the benefits of engaging in at least 150 min of moderate-intensity aerobic PA most days of the week, or at least 75 min of vigorous-intensity aerobic PA throughout the week [3]. However, it is estimated that 60–80 % of the world’s population does not meet the recommendations required to induce health benefits [4].
Among moderate-intensity PA, walking is the most popular daily PA [5]. However, the average number of walking steps has substantially decreased during the past 10 years particularly among the representative population of Japan [6]. Exercise is planned, structured, and repetitive PA for the purpose of conditioning parts of the body, thus exercise behavior is different from daily walking. The goal of the national public health recommendation for the Japanese adult is to increase daily walking steps by 1,500, and to participate in aerobic exercise twice a week for a duration of 30 min on a regular basis [7]. Identifying determinants of walking and exercise behavior is important for increasing PA.
The perceived features of the neighborhood environment (NE) around the residence show a compelling association with residents’ PA and have become a focus because the influence of the NE is larger at the population level and is expected to be sustainable [8]. The NE is now commonly used in studies of PA to refer to neighborhoods where the environment is more conducive to physically active [9]. In this idea, NE is focusing on the NE of the residences and does not include the location of the workplace where residents work in different regions. The NE includes residential density, accessibility to various destinations, street connectivity of sidewalk, walking infrastructure, aesthetics, and neighborhood safety [10, 11].
Evidence-based effective environmental intervention and policy approaches to promote PA were proposed and have already begun in Western countries: infrastructure initiatives through urban design of land use and planning on community and street scales and active transport policy and practices [12]. Furthermore, a guideline from the American Heart Association included environmental change as a population approach to enhance PA to prevent cardiovascular diseases [13]. The NE may vary largely from country to country depending on the cultural, social and physical context; however, studies concerning the influence of NE on PA in Japan are limited and have not yet been made clear.
Walking or exercise behaviors are different across gender and age groups [6] because social roles and the purpose of social interaction are different depending on gender and age groups. Thus, the association between perceived NE and walking or exercise behavior possibly varies according to gender and age groups. However, the majority of studies considered gender or age as covariates in statistical analysis, and a few studies focused on only gender difference [14–19], or only age-group difference [20], or specific gender or specific age group [21–23]. There is no published study that has revealed gender and age group differences in the association between perceived NE and daily walking time (WT) or habitual exercise (HE) simultaneously in a population. Furthermore, the employment status may have significant influences on the association between NE and daily PA because the frequency of going out from the neighborhood to other regions as well as the duration of staying in the neighborhood might be different between employed and unemployed residents.
It is worthwhile to understand the gender, age, and employment status specific association between the features of perceived NE and WT or HE in a population in Japan.
The purposes of the study were (1) to clarify the association between the features of perceived NE and WT or HE, and (2) to examine whether the association is different across gender, age, and employment status in Japan.

Methods
Study region and population survey
The study region was Tsuruoka City in Yamagata Prefecture in northeast Japan. According to the 2005 Census of Japan, the city has a medium-sized population of 142,384 in a 1,311-km2 area. A population survey was conducted in January 2007. The survey was carried out in cooperation with the city to monitor the health status and health behaviors of the citizens. A sample of 7.0 % of the residents was selected using a stratified random sampling method among residents aged 20–79 years old by gender and a 5-year age strata on the basis of data from the Basic Resident Register on March 31 in 2006. As a result, 7,515 residents were selected.
A cover letter and a self-administered anonymous questionnaire were directly sent to the selected residents by mail. Introduction of the study with the aims, procedure of the study assuring that the study was conducted anonymous and no individual would be identified in analyzing and reporting the data, and encouragement for participation were included in the cover letter. The questionnaire contained items about perceived NE, daily walking time, participation in exercise, and demographic variables. The demographic variables included gender, age, employment status, and main means of transportation.
When the questionnaire was returned, the resident was considered to have agreed to participate in the study. This study procedure was approved by the Ethical Committee of the Graduate School of Medicine, The University of Tokyo, Japan.

Perceived neighborhood environment
The Abbreviated version of the Neighborhood Environment Walkability Scale (ANEWS) was used to measure the residents’ perception of NE [24, 25]. In the ANEWS, NE is focusing on the influence of the NE on residents and does not include the location of the workplace.
Neighborhood was defined as the area within an approximately 10-min walking distance from a residence, and seven NE characteristics were assessed: density of dwelling (degree of density of residential buildings), proximity to service facilities (land use mix with nonresidential service facilities, such as restaurants, works and retail stores), number of service facilities within a 10-min walk (land use mix-access), street connectivity (intersection is short and easy to cross, and few dead end streets), places for walking (sidewalks on most of the streets and are separated from the traffic road), good view (trees along the streets or natural scenery while walking), and traffic and crime safety [17, 24, 25]. Reliability and internal consistency of the Japanese version of the ANEWS were tested and were shown to be moderate to high [17, 25].

Walking times and habitual exercise
Two types of daily PA with different intensity, WT and HE, were queried separately. Daily WT containing every kind of walking, e.g., commuting, shopping, working, or leisure in a whole day, was queried separately for average weekdays and for weekends. The sum of WT for weekdays and weekends was weighted as daily WT.
To test the validity and repeatability of the self-reported WT, a validation and repeatability study was conducted from September to November 2012. Study participants were recruited from residents who participated in a health promotion program managed by a ward health promotion center. Sixty-six residents recorded the daily number of steps using a pedometer for 11 days. When the diary of steps was reported, a questionnaire for the WT for weekdays and weekends was distributed twice at one-week intervals. As a result, 44 residents with range of age from 46 to 77 completed those three kinds of survey (62.0 ± 6.7 years old, 12 males). The test–retest repeatability of weekly WT was relatively high (Pearson’s product moment correlation coefficient r = 0.80). The external validity of weekly WT with the average of daily walking steps during 11 days was tested, and a difference of the mean of walking steps was 1,440 steps/day (7,769 steps/day and 9,208 steps/day) between the two groups divided by the median of weekly WT. Thus the validity of weekly WT was considered moderate and reasonable.
Participating in sports or exercise was also queried. If residents participated in sports or exercise all year round, the duration of each time and frequency per week were queried. The number of minutes of each time and frequency per week were used to define HE as doing exercise or sports equal to or more than 30 min at one time with a frequency of more than once a week [26].

Statistical analysis
Study residents were divided into six groups by gender and age: 20–39 years (young-aged), 40–59 years (middle-aged), and 60–79 years (old-aged). Employment status was divided into currently employed (including self-employed or part-time job) or not. Main means of transportation was categorized as using an automobile or not.
To examine the association between NE and WT or HE by multiple logistic regression analysis, the scores of seven features of NE indices were converted into two categories using the median of each index from all respondents and used as independent variables. Insufficient WT or non-HE was used as a dependent variable. The median of daily WT was 60 min/day, thus daily WT was converted into two categories; insufficient WT (<60 min/day) or sufficient WT (≧60 min/day). The HE was also divided into two categories; non-HE (<30 min at once or <once a week) or HE (≧30 min at once and ≧once per week during all year round).
Analysis was conducted according to the gender, age, and employment status, separately. However, the range of age in each group was 19 years, thus age was used as a covariate. Main means of transportation may have significant influence on daily PA and was included as a potential confounding factor. Adjusted odds ratios (OR) and 95 % confidence intervals (95 % CI) were calculated. Equal to or more than the median score of each perception of NE index indicates that NE is conducive to PA compared to less than the median of each NE index (references), thus an OR less than 1.00 indicated low risk of insufficient WT or non-HE.
All statistical analysis was conducted using the SAS statistical package, Windows version (9.2 version; SAS Institute, Cary, NC, USA). All analyses were two-tailed, and a p < 0.05 was considered statistically significant.


Results
A total number of 3,903 (51.9 %) residents responded to the survey. Valid information about gender, age, and WT was provided by 3,806 participants.
Table 1 showed the demographic characteristics according to gender and age groups. More than three-fourths of young- and middle-aged males and females were employed, but three-fourths of old-aged females were not employed. Around 70 % of all groups of males and females used automobiles, but less than half of old-aged females used automobiles as a main means of transportation. Irrespective of gender and age groups, around 60 % did not participate in HE. The prevalence of insufficient WT ranged from 34.5 to 57.2 % and was lowest in old-aged males and females. Thus, the following analysis was restricted to young-aged and middle-aged employed, and old-aged employed and unemployed males and females, separately.Table 1Study participants’ characteristics according to gender and age groups


	 	Male
	Female

	All
	20–39 years
	40–59 years
	60–79 years
	All
	20–39 years
	40–59 years
	60–79 years

	
                            N = 1,810
	
                            N = 284
	
                            N = 680
	
                            N = 846
	
                            N = 1,996
	
                            N = 349
	
                            N = 792
	
                            N = 855

	Age (year) (mean ± SD)
	56.7 ± 15.1
	31.4 ± 5.6
	50.7 ± 5.5
	70.0 ± 5.6
	55.4 ± 15.2
	31.2 ± 5.4
	50.6 ± 5.6
	69.6 ± 5.6

	Employment statusa
                          

	 Employed (%)
	71.4
	86.9
	91.7
	49.1
	57.1
	81.6
	79.2
	26.4

	Main means of commuting

	 Automobile users (%)
	79.6
	85.4
	86.0
	71.1
	69.5
	87.4
	82.9
	47.1

	Habitual exerciseb
                          

	 Non-habitual exercise (%)
	59.7
	57.7
	58.4
	61.0
	62.5
	67.7
	58.4
	64.0

	Walking timec
                          

	 <60 min/day (%)
	50.1
	55.6
	57.2
	40.7
	41.9
	48.2
	45.1
	34.5


Data are given as the mean ± SD or percentage

                      aEmployed: Agriculture, forestry, fishery, self-employed, full-time, and part-time job; unemployed: Housewife, student, and unemployed

                      bDoing exercise or sports equal to or more than 30 min at one time with a frequency of more than once a week all year round

                      cDaily walking time including every kind of walking, e.g., commuting, shopping, working or leisure in a whole day for average weekdays and for weekends



              
Table 2 showed the associations between perceived NE and insufficient WT according to gender, age, and employment status as the adjusted OR (95 %CI) after adjustment for age and means of commuting. Equal to or more than the median score of each perception of NE index was categorized as high. Thus, a high score of each NE index indicates that NE is conducive to PA.Table 2Association between insufficient walking time and neighborhood environment according to employment status and age groups


	 	Male
	Female

	Employed
	Unemployed
	Employed
	Unemployed

	20–39 years
	40–59 years
	60–79 years
	60–79 years
	20–39 years
	40–59 years
	60–79 years
	60–79 years

	Density of dwelling (Cronbach’s α = 0.73)

	 High  (≥180)
	1.25 (0.61, 2.58)
	0.76 (0.47, 1.22)
	1.27 (0.52, 3.09)
	0.89 (0.35, 2.25)
	0.73 (0.40, 1.33)
	0.91 (0.60, 1.39)
	0.85 (0.26, 2.81)
	0.99 (0.46, 2.17)

	 Low (<180)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Proximity to service facilities (Cronbach’s α = 0.94)
	 
	 High (≥2.52)
	1.19 (0.59, 2.41)
	1.19 (0.76, 1.87)
	0.69 (0.34, 1.39)
	1.63 (0.69, 3.85)
	0.76 (0.42, 1.39)
	0.59 (0.40, 0.88)*
	1.07 (0.41, 2.80)
	0.87 (0.43, 1.75)

	 Low (<2.52)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Number of service facilities within 10 min (Cronbach’s α = 0.64)
	 
	 High (≥6)
	1.39 (0.67, 2.88)
	1.08 (0.68, 1.73)
	0.66 (0.33, 1.36)
	0.93 (0.39, 2.24)
	0.57 (0.30, 1.08)
	0.79 (0.53, 1.19)
	0.98 (0.38, 2.53)
	1.06 (0.53, 2.13)

	 Low (<6)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Street connectivity (Cronbach’s α = 0.53)

	 High (≥2.67)
	1.01 (0.50, 2.06)
	0.81 (0.52, 1.26)
	0.73 (0.36, 1.50)
	2.22 (0.93, 5.32)
	0.26 (0.04, 1.59)
	0.70 (0.47, 1.04)
	1.50 (0.57, 3.95)
	0.74 (0.35, 1.54)

	 Low (<2.67)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Places for walking (Cronbach’s α = 0.78)
	 
	 High (≥1.75)
	0.79 (0.39, 1.59)
	0.79 (0.51, 1.23)
	0.90 (0.44, 1.85)
	0.47 (0.20, 1.10)
	0.75 (0.42, 1.35)
	1.03 (0.70, 1.53)
	0.88 (0.33, 2.31)
	1.15 (0.56, 2.35)

	 Low (<1.75)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Good view (Cronbach’s α = 0.72)

	 High (≥2.0)
	0.55 (0.27, 1.12)
	1.31 (0.94, 1.83)
	0.78 (0.37, 1.62)
	1.01 (0.44, 2.30)
	1.44 (0.80, 2.61)
	1.07 (0.72, 1.59)
	0.92 (0.35, 2.40)
	0.92 (0.35, 2.40)

	 Low (<2.0)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Traffic and crime safety (Cronbach’s α = 0.52)  

	 High (≥2.78)
	1.45 (0.70, 2.99)
	1.13 (0.73, 1.77)
	0.67 (0.32, 1.41)
	0.33 (0.14, 0.79)*
	0.77 (0.43, 1.39)
	0.64 (0.43, 0.96)*
	0.95 (0.37, 2.47)
	1.27 (0.62, 2.60)

	 Low (<2.78)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00


Data are presented as adjusted odds ratio (95 % CI) after adjustment for age and automobile commuting; multiple logistic analysis *p < 0.05 after adjustment for covariates
A high score of each neighborhood environment (NE) index indicates that NE is conducive to physical activity



              
In the male residents, a high score of traffic and crime safety was significantly associated with a low risk of insufficient WT in the old-aged unemployed group. There were no significant associations between perceived NE and WT in the young- and middle-aged groups.
In the female residents, a high score of proximity to service facilities and a high score of traffic and crime safety were significantly associated with a low risk of insufficient WT in the middle-aged employed group. There were no significant associations between perceived NE and WT in the young- and old-aged groups.
Density of dwelling, number of service facilities within 10 min, street connectivity, places for walking, and good view were not significantly associated with WT in any ages of males and females.
Associations between perceived NE and non-HE according to gender, age, and employment status were shown in Table 3 as the adjusted OR (95 % CI) after adjustment for age and means of commuting.Table 3Association between non-habitual exercise and neighborhood environment according to employment status and age groups


	 	Male
	Female

	Employed
	Unemployed
	Employed
	Unemployed

	20–39 years
	40–59 years
	60–79 years
	60–79 years
	20–39 years
	40–59 years
	60–79 years
	60–79 years

	Density of dwelling (Cronbach’s α = 0.73)

	 High (≥180)
	1.15 (0.52, 2.58)
	0.76 (0.44, 1.31)
	0.51 (0.23, 1.13)
	1.17 (0.57, 2.41)
	0.91 (0.33, 2.56)
	0.78 (0.44, 1.40)
	1.61 (0.45, 5.75)
	0.41 (0.23, 0.72)*

	 Low (<180)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Proximity to service facilities (Cronbach’s α = 0.94)
	 
	 High (≥2.52)
	0.97 (0.44, 2.16)
	0.72 (0.41, 1.27)
	0.41 (0.18, 0.93)*
	1.14 (0.48, 2.71)
	1.26 (0.42, 3.77)
	0.64 (0.35, 1.18)
	0.75 (0.28, 2.03)
	0.47 (0.25, 0.90)*

	 Low (<2.52)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Number of service facilities within 10 min (Cronbach’s α = 0.64)
	 
	 High (≥6)
	0.78 (0.36, 1.69)
	0.89 (0.53, 1.50)
	0.64 (0.36, 1.17)
	0.80 (0.44, 1.47)
	1.27 (0.46, 3.46)
	0.57 (0.33, 0.99)*
	0.45 (0.18, 1.13)
	0.63 (0.39, 1.00)

	 Low (<6)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Street connectivity (Cronbach’s α = 0.53)

	 High (≥2.67)
	1.30 (0.58, 2.89)
	1.00 (0.59, 1.70)
	0.59 (0.30, 1.19)
	0.67 (0.35, 1.28)
	0.50 (0.18, 1.36)
	0.74 (0.42, 1.31)
	1.95 (0.67, 5.66)
	0.88 (0.53, 1.46)

	 Low (<2.67)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Places for walking (Cronbach’s α = 0.78)
	 
	 High (≥1.75)
	0.88 (0.41, 1.90)
	1.19 (0.72, 1.96)
	1.08 (0.58, 2.01)
	1.15 (0.61, 2.17)
	0.94 (0.36, 2.45)
	0.30 (0.11, 0.87)*
	1.83 (0.70, 4.76)
	0.94 (0.57, 1.55)

	 Low (<1.75)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Good view (Cronbach’s α = 0.72)

	 High (≥2.0)
	0.50 (0.22, 1.13)
	1.61 (0.98, 2.67)
	1.03 (0.55, 1.92)
	0.76 (0.41, 1.42)
	0.97 (0.60, 1.57)
	0.25 (0.08, 0.82)*
	0.87 (0.32, 2.36)
	0.98 (0.58, 1.63)

	 Low (<2.0)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	Traffic and crime safety (Cronbach’s α = 0.52)  

	 High (≥2.78)
	0.76 (0.35, 1.63)
	0.70 (0.42, 1.16)
	1.12 (0.60, 2.08)
	1.08 (0.59, 1.99)
	0.63 (0.24, 1.66)
	1.08 (0.62, 1.89)
	1.31 (0.49, 3.54)
	1.01 (0.62, 1.64)

	 Low (<2.78)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00


Data are presented as adjusted odds ratio (95 % CI) after adjustment for age and automobile commuting; multiple logistic analysis *p < 0.05 after adjustment for covariates
A high score of each neighborhood environment (NE) index indicates that NE is conducive to physical activity



              
In the male residents, only a high score of proximity to service facilities was significantly associated with a low risk of non-HE in the old-aged employed group, and there were no significant associations between perceived NE and HE in young- and middle-aged groups.
In the female residents, a high score of number of service facilities within 10 min, a high score of places for walking, and a high score of good view were significantly associated with a low risk of non-HE in the middle-aged employed group, and a high score of density of dwelling and a high score of proximity to service facilities were significantly associated with a low risk of non-HE in the old-aged unemployed group. There were no significant associations between perceived NE and HE in young- and old-aged employed groups.
Street connectivity and traffic and crime safety were not significantly associated with HE in any ages of males and females.

Discussion
The study results revealed that all features of perceived NE except street connectivity were associated with daily PA. However, the association differed not only across gender, age, and employment status but also the type of PA in a community dwelling population after adjustment for age and automobile commuting. The association between NE and PA was observed mainly in middle- and old-aged females.
The current study results support the previous reports that females were more likely to walk for transportation or walk for exercise in their neighborhood [27, 28], and middle- and old-aged females might spend longer time in their neighborhood compared to young-aged females or males and might be more influenced by their NE. The current study results suggest that NE would contribute to promote active living particularly for female residents.
Although increasing studies have focused on the associations between features of NE and PA, the results have been inconsistent because of regional differences, gender and age dependent differences, and/or types of PA for specific purposes. A review study summarized that those living in a residentially dense area showed longer WT [11]. In the current study, perception of a high score of density of dwelling was associated with a low risk of non-HE for old-aged unemployed females. This result might suggest that old-aged females living in a residentially dense area tend to walk for exercise, and such a NE might indicate an ease of transport to exercise and/or sports facilities.
The perception of a high score of proximity to service facilities was associated with a low risk of insufficient WT in middle-aged employed females and with a low risk of non-HE in old-aged employed males and old-aged unemployed females. Also, a high score of number of service facilities within 10 min was associated with a low risk of non-HE in middle-aged employed females. Several studies showed that proximity and accessibility to destinations such as shops and service facilities especially influence transport walking [20, 29]. Accessibility to various destinations has been reported to be associated with longer WT [10, 11] and many studies reported gender difference in the association [14, 16, 19, 21, 27, 28]. Accessibility to abundant destinations would be important for females because of their social role in daily house work, including daily shopping, especially in Japan.
Furthermore, the perception of a high score of places for walking was associated with a low risk of non-HE in middle-aged employed females. The availability of recreational resources in the neighborhood, i.e., community center, gymnasium, and park, consistently showed to be one of NE that influences exercise behaviors [30, 31]. The proximity and accessibility of many kinds of service facilities within walking distance and places for walking in the neighborhood for regular exercise could enhance daily PA particularly in old-aged males and middle- and old-aged females.
The perception of a high score for good view indicates that there are interesting things to look at while walking, trees along the streets, or natural scenery and was associated with a low risk of non-HE for middle-aged employed females. Good view may be an important feature of walking for exercise or walking for transportation to exercise and/or sport facilities particularly for the females. To understand these kinds of gender and age differences from the influences of NE, further study including objectively measured NE will be needed.
The perception of a high score for safety was correlated with the low risk of insufficient WT in old-aged unemployed males and middle-aged employed females but did not associate with HE. In the current study, safety contained aspects both of traffic and crime, and the score of safety (median 2.78) was the highest among seven NE indices. The proportion of insufficient WT was lowest in old-aged males among the males, thus unemployed old-aged males and employed middle-aged females were more likely to walk for transportation in their neighborhood when they perceived their neighborhood is highly safe from traffic and crime.
There are several limitations in this study. First, questions regarding WT did not distinguish purpose-specific walking, e.g., for transportation or for leisure. Previous studies reported that street connectivity was related to walking for transportation while a good view was related to walking for exercise [17]. However, because of the difficulty in distinguishing purpose-specific WT in daily life, WT, which included all kinds of walking such as commuting, shopping, and leisure, was queried to help induce more accurate recall. Secondly, a previous study pointed out the mismatch of subjective and objective measurements of NE [32]. Further study using objective measurements of NE or WT will be needed. Thirdly, among the seven indices of NE, street connectivity did not show significant association with either WT and HE for any ages of males and females in this study. Street connectivity indicates the short distance between intersections, fewer dead ends, and better connective routes. A study conducted in another region in Japan reported that street connectivity was associated with WT [16]. The Cronbach’s α of the street connectivity in the current study, which indicate internal consistency of each item of questionnaire, was relatively low. This may be why the association could not be observed in the current study. Further, Cronbach’s α of the traffic and crime safety was also relatively low possibly because two different aspects of safety were included, and the association between NE and HE could not be observed any ages of males and females. Further study will be needed to improve the Japanese version of NE scale.
The strength of this study was that it was conducted in a region with a sizable population and clarified the differences of association between features of NE and WT or HE across gender, age, and employment status for the first time in Japan.
Although many environmental intervention studies and urban planning policies have been conducted for implementation of health behavior to prevent non-communicable disease such as cardiovascular disease and diabetes mellitus in Western countries [12, 33], there are comparatively few studies concerning association of NE and PA in Japan. Thus, awareness about the influence of NE on health-related behavior is scarce until now. Environmental and policy approaches, e.g., creation and improvement of access to places for PA, community- and street-scale urban design and land use, active transport policy and practices, and community-wide policies and planning, are recommended based on scientific evidence [13]. To determine the priority of NE according to scientific evidence in Japan, further studies will be required. Lastly, implementing the policy and intervention on urban planning will be expected in the near future if evidence is accumulated depending on the social and cultural context of Japan.

Conclusion
The association between perceived NE and daily PA was different not only across gender, age, and employment status but also the type of PA, and the associations were mainly observed in middle- and old-aged females regardless of age and commuting means. The middle- and old-aged female residents’ daily PA possibly were more influenced by their NE, thus, features of NE would contribute to promote particularly females’ active living. The local infrastructure including places for walking, safety and accessibility to destinations should be designed to ensure facilitating walking for transportation or for exercise.
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