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Abstract 
Aim: The aim of this study is to examine the effect of walking 10,000 steps per day on depressive 
symptoms for the company employees and their spouses in Japan. Method: Subjects were re-
cruited from the participants of a walking campaign carried out by a Japanese company where the 
goal was to achieve 600,000 steps in 60 days. Among 221 subjects who participated in the cam-
paign, 176 subjects (79.6%) agreed to participate in the present study. Sociodemographics and 
other information including depressive symptoms were assessed using a questionnaire. Result: 
Out of the 171 participants, 125 achieved the goal (73.1%). In the achiever’s group, the GHQ-12 
score was significantly reduced at the end of the campaign compared with the non-achiever’s 
group. Exercise habit and the less overtime work (<45 hours past 1 month) at the baseline were 
significantly associated with the achievement of the goal. Conclusion: The achievement of 600,000 
steps in 60 days is correlated with the improvement of depressive symptoms and the achievement 
of this goal might be related with the exercise habit and less overtime work before the campaign. 
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1. Introduction 
Depression is one of the most common diseases in developed countries and is predicted to become the world’s 
second leading cause of disability by 2020 [1]. The pharmacotherapy is included in the popular management of 
depressive symptoms. However, physical activity is also effective to manage depressive symptoms. Several stu- 
dies showed lower depressive symptoms among physically active people compared to non-active people [2] [3].  

According to a review by Teychenne (2008) [4], physical activity of higher intensity was more strongly asso- 
ciated with effective treatment of depressive symptoms than those of lower intensities, but even a low dose of 
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physical activity may bring about a positive result for treatment of depressive symptoms [4]. 
Although more intense physical activity may have a positive effect on the treatment of depressive symptoms, 

physical activity of vigorous intensity may be a challenge to continue for people without an exercise habit [5]. 
The portion of the people who can continue physical activity of vigorous intensity may be limited [6]. For those 
people, walking may be one of the most feasible and common physical activities. Walking is a physical activity 
of mild to moderate intensity and requires no financial cost and minimal risk of adverse effects [7]. According to 
a review by Robertson, walking has a statistically significant positive effect on treatment of depressive symp-
toms [1]. 

A number of Japanese companies are carrying out walking campaigns for the purpose of health promotion for 
their employees. The goal set for this campaign is 10,000 steps per day for 60 or 90 days at most of the compa-
nies connected with the same health insurance union in Japan. 

The aim of the campaign has been focused on its effect on physical health. The effect of walking on mental 
health, including the treatment of depressive symptoms, is also covered by a review of Roberston et al. [2]. 
However their report doesn’t describe the numbers of the steps of walking for the treatment of depressive 
symptoms. 

In addition, few studies have investigated the effect of the walking campaign on depressive symptoms and 
several issues remain to be studied. The first issue is whether or not 10,000 steps per day, which is employed in 
most of the companies, is appropriate for the improvement of depressive symptoms. 10,000 steps is recom-
mended by several guidelines [8] [9], because a number of studies showed the effect of the 10,000 steps to im-
prove physical health [10] [11], while no study focused on the effect of 10,000 steps on depressive symptoms. 
The second issue is whether the 10,000 steps per day for several months is sustainable for the employees. Re-
lated with this issue, what factors are associated with the achievement of 10,000 steps per day may also be a 
question to be studied. Thus, the aims of this study are summarized as follows. 1) Whether or not the 10,000 
steps per day walking campaign is effective for treatment of depressive symptoms. 2) What factors of the indi-
viduals are associated with the achievement of the 10,000 steps per day over several months? 

2. Materials and Method 
2.1. Method and Patient Selection 
The walking campaign was carried out from April 2012 to May 2012 by a Japanese energy company with 2200 
Japanese employees. The company advertised the campaign to the all employees and their spouses. 221 subjects 
participated in the walking campaign. Among the 221, 176 subjects (79.6%) agreed to participate in the pre-
sented research. The participants who did not answer the questionnaire at the end of the walking campaign were 
excluded from the analyses. Finally, 171 participants (100 males and 71 females, mean age 45.4 ± 10.4) who 
answered the questionnaires both at the baseline and at the end of the walking campaign were studied. All male 
participants were the company employees and the female participants consisted of 38 employees and 33 spouses 
of the male employees. These are not overlapping groups. 

The pedometers (Yamasa mk-365, Japan Tokyo) were given to the participants before the start of the walking 
campaign (baseline). The participants were asked to complete the questionnaire with the following information: 
sociodemographic and other information including age, sex, job content (indoor or housework, outdoor), hours 
of overtime work (within the past 1 month; <45 hours, ≥45 hours) [12], sleep duration (within the past 1 month; 
6 hours, ≥6 hours) [13], exercise habit as recreation (Yes, No). The goal of the campaign was 600,000 steps in 
60 days (10,000 steps per day on average) during the period of the campaign. Depressive symptoms were also 
assessed using the Japanese version GHQ-12 (general health questionnaire-12) [14]. 

2.2. Statistical Analysis 
A student’s t-test was used to examine the difference of age and the GHQ-12 score between achiever’s and 
non-achiever’s groups. The changes of GHQ-12 score overtime between achiever’s and non-achiever’s group 
was assessed using analysis of covariance (repeated measures ANCOVA), with overtime work and exercise 
habit as covariates. All statistical analyses were carried out using SPSS 17.0 (IBM, New York, US).  

3. Result 
Table 1 shows the demographic characteristics between achiever’s and non-achiever’s group. 125 among the 
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171 participants achieved the goal (≥600,000 steps in 60 days; 10,000 steps per day for 60 days on average) 
(73.1%). At the baseline, the GHQ-12 score was not significantly different between the achiever’s group and 
non-achiever’s group. However, at the end of the campaign, the GHQ-12 score of the non-achiever’s group was 
significantly higher than the achiever’s group. Exercise habit and the less overtime work (<45 hours per month) 
at the baseline were significantly associated with the achievement.  

Table 2 shows the changes of GHQ-12 score of achiever’s and non-achiever’s groups. Post hoc tests showed 
that the achiever’s group at the end of the campaign exhibited reduced GHQ-12 score (1.42 ± 1.78) in compari-
son to the baseline (2.16 ± 2.41). Post hoc tests also showed that the achiever’s group at the end of the campaign 
exhibited lower GHQ-12 score (1.42 ± 1.78) in comparison to non-achiever’s group (2.72 ± 3.03). By using the 
analysis of repeated measures ANOVA, the difference of GHQ-12 score between achiever’s and non-achiever’s 
group was significant (main effect). However, adjusted for overtime work and exercise habit, there were no sig-
nificant differences for time and group. 

 
Table 1. Demographics and the other characteristics of the subjects at the baseline.                                          

  Achiever (%) Non-achiever (%) p-value 

Age (year)  45.60 ± 10.59  45.11 ± 9.65  NS 

Sex Male 75 (73.5) 27 (26.5) 
NS 

 Female 55 (74.3) 19 (25.7) 

Job content Indoor or housework 50 (69.4) 22 (30.6) 
NS 

 Outdoor 77 (77.8) 22 (22.2) 

Overtime work <45 hours 122 (77.2) 36 (22.8) 
* 

(past 1 month) ≥45 hours 9 (47.3) 10 (52.6) 

Sleep duration <6 hours 67 (74.4) 23 (25.6) 
NS 

(past 1 month) ≥6 hours 64 (73.6) 23 (26.4) 

Exercise habit No 47 (64.4) 26 (35.6) 
* 

 Yes 85 (81.0) 20 (19.0) 

GHQ-12 score At the baseline 2.16 ± 2.41  2.89 ± 2.53  NS 

 At the end of the campaign 1.43 ± 1.78  2.78 ± 3.03  
* 

Age and GHQ-12 score was analysed by student’s t-test. Sex, job content, overtime work, sleep duartion, exercise habit were analysed by χ2 test. Age 
and GHQ-12 score: mean ± SD. NS: not significant. *p < 0.05. 

 
Table 2. The changes of GHQ-12 score over time achiever’s and non-achiever’s groups.                                      

 
Adjusted for  

overtime work 
Adjusted for  
exercise habit 

All  Achiever’s group Non-achiever’s group Group × Time Group × Time Group × Time 

(n = 171)  (n = 125) (n = 46)       

  Mean SD Mean SD F p F p F p 

GHQ-12 mean score           
At the baseline 2.16 2.41 2.89 2.53 

8.97 ** 1.24 0.27 0.545 0.462 At the end of the  
campaign 1.42† 1.78 2.72 3.03 

Repeated measures ANOVA was used to evaluated the changes in GHQ-12 scores. Repeated measures ANCOVA was used to evaluated the changes 
in GHQ-12 scores over time with overtime work and exercise habit as covariates. **p < 0.005. †Post hoc tests showed that the achiever’s group at the 
end of the campaign exhibited reduced GHQ-12 score (1.42 ± 1.78) in comparison to the baseline (2.16 ± 2.41). Post hoc tests also showed that the 
achiever’s group at the end of the campaign exhibited lower GHQ-12 score (1.42 ± 1.78) in comparison to non-achiever’s group (2.72 ±3.03). 
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4. Discussion 
At the baseline, the GHQ-12 score was not different between the achiever’s group and non-achiever’s group. At 
the end of the campaign, the GHQ-12 score was significantly reduced in the achiever’s group. On the other hand, 
the GHQ-12 score did not change in the non-achiever’s group. This suggests that the achievement of the 
600,000 steps for 60 days may assist with treatment of depressive symptoms. Less overtime work (<45 hours 
per month) and exercise habits maintained before the start of the campaign were significantly associated with 
the achievement. The repeated measure ANOVA for GHQ-12 score revealed a significant main effect for time 
and group. This main effect means that GHQ-12 score significantly decreased from at the baseline to the end of 
the campaign in the achiever’s group, but not in the non-achiever’s group. Adjusted by overtime work or exer-
cise habit, there were no significant differences for time and group. This result suggest that the subjects who 
work overtime within 45 hours and have exercise habit before campaign are the most effective to improve the 
depressive symptoms by participating in the campaign. 

In the present study, 26.9% did not achieve the goal. Considering this rate of the achievement and that only  
10% of the company employees participated in the campaign, whether the 10,000 steps is sustainable for com-
pany employees and their spouses may be also an important issue for the treatment of depressive symptoms. 
One of the factors associated with the non-achievement was overtime work. The association might be due to the 
lack of time for walking or exercise in subjects who have more overtime work. This should be noted because the 
workers who work overtime may have an increased risk of depressive symptoms [15] [16]. A considerable por-
tion of the employees might not be able to participate in the campaigns due to the overtime work. In addition, 
this may be a major limitation of the walking campaigns in Japanese companies. 

The present study has several limitations. First, the causal relation between the physical activity and depres-
sive symptoms is not clear due to the study design. It is possible that improved mental health helped to facilitate 
walking. Second, the association between physical activity and improvement of depressive symptoms could be 
confounded by several unknown variables, but they were not controlled for in the present study. Third, the tim-
ing of the physical activity (during the working-time, commuting-time, housework-time, and leisure-time) is 
unknown. Several studies showed a stronger association between leisure-time physical activity and improvement 
of depressive symptoms than other timing physical activity [17]-[20]. Future studies may need the analyses of 
the optional timing of physical activity for decreasing depressive symptoms. Fourth, statistical power may be 
limited due to the number of the participants, especially in females. While the male participants consisted of 
employees only, the females consisted of both the employees and their spouses. Studies in larger sample size, 
especially in females are needed. 

5. Conclusion 
The achievement of 600,000 steps in 60 days may be associated with the improvement of depressive symptoms. 
The achievement of the goal might be related with the exercise habit and overtime work (below 45 hours before 
the start of the walking campaign). In the setting of the goal (the number of the walking steps per day), exercise 
habit and work condition (overtime work) might be considered. 
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