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Abstract: Walking has a positive impact on people’s emotional health. However, in the case of serious
air pollution, it is controversial whether walking exercise can still improve individuals” emotional
health. Using data from the 2014 wave of the China Labor-Force Dynamics Survey, this study explored
the relationship between walking and emotional health with different levels of environmental
pollution. The results indicated that respondents who took regular walks had better emotional
health than those who did not walk regularly. For those whose main mode of physical exercise was
walking, the average number of walks per week was significantly and positively correlated with
their emotional health; however, the average duration of the walk had no significant impact on their
emotional health. Moreover, for those whose main mode of physical exercise was walking and who
lived in neighborhoods with a polluted environment, regular walking still had a positive impact on
their emotional health. This suggests that even if environmental pollution is serious, walking still
plays an important role in regulating individuals” mental health. We propose that in order to promote
the emotional health of residents, it is necessary to create more public spaces for outdoor activities
and simultaneously increase efforts to control environmental pollution.
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1. Introduction

Economic development has not only improved individuals’ living standards but has also created
some environmental problems. For example, the issue of air pollution is becoming increasingly serious
in many developing countries. The frequent occurrence of haze and other phenomena poses problems
to individuals’ daily life and health [1]. Inadequate environments are likely to reduce individuals’
outdoor activities [2]. In modern societies, individuals tend to work long hours, and the work intensity
is high; moreover, sedentary lifestyles are very common, with increasingly more individuals showing
a lack of physical activity. All these factors affect individuals’ physical and mental health. It has
been shown that physical inactivity may play an important mediating role in some physical and
psychological disorders [3-6].

Many studies have demonstrated the positive effects of physical exercise onindividuals’ health [7,8].
However, the health effects of physical activity have been found to slightly differ between developed
and developing countries. Developed countries have a higher economic level, and more individuals
have fitness and exercise habits [9]. Additionally, exercise shows more positive effects in developed
countries. Conversely, developing countries are in a stage of rapid economic growth, and the consequent
environmental pollution and rapid urbanization have led to reduced physical activity levels among the
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population [10]. During this transition from a traditional society to a modern one, many individuals
have not yet developed new healthy lifestyles (e.g., daily or weekly physical exercise). This has led to
differences between countries in the impact of exercise on health. China is in an era of rapid economic
expansion, and the improvement of living standards has also promoted the pursuit of healthier habits.

Increasingly larger studies have explored the relationship between physical exercise and
individuals” mental health, and some have found that physical exercise does improve mental
health [11-20]. For example, Netz et al. [17] determined that physical exercise has important beneficial
effects on individuals’ physical and mental health. Li et al. [18] found that individuals who regularly
engaged in physical activity had better mental health and better levels of personal work performance
than those who were sedentary or inactive. Another study showed that physical exercise affects
the processing of negative emotional information and promotes individuals’ mental health [19].
Puett et al. [20] examined questionnaire data and clinical evaluations of men and women over the age
of 20 and found that those who did not exercise had a significantly higher risk of poor mood and stress
than those who engaged in regular physical exercise.

With the development of living standards, more research has started to focus on the impact
of walking on individuals” mental health. In past studies, there is abundant evidence that walking
promotes recovery from mental health disorders [21,22] and is an important measure to improve
mental health [23,24]. Kekéldinen et al. [25] demonstrated that walking was positively associated
with participants’ mental, social, and subjective health. Moreover, research found that walking-based
exercise training alleviated anxiety and depression in adults, and moderate and intense walking exercise
promoted lower blood pressure and improved mental health by reducing negative emotions [26,27].
In addition, in individuals who generally prefer more casual forms of exercise, such as walking,
increasing walking during leisure time can reduce the generation of negative emotions [28]. In a study
by Wensley and Slade [29], walking increased well-being by making participants feel more relaxed.
Lin et al. [30] also found that walking was beneficial in reducing stress, suggesting that cities should
provide more public spaces conducive to walking exercise.

Generally, most previous studies focused on the impact of walking on mental health, while research
data on the impact factors of walking time and environment are not comprehensive. For instance,
Ekkekkakis et al. [31] identified a positive association between the duration of physical activity and
mental health, but did not specifically examine walking as a form exercise. Yang et al. [27] also pointed
out the scarcity of data on the impact of walking time. Additionally, data on the effects of walking
on mental health under different environmental conditions are not clear. Under the influence of
serious air pollution and poor comfort of external environments, research on the relationship between
walking and mental health has been scarce and data are not comprehensive [32]. Marselle et al. [33]
determined that walking in nature had a positive effect on mental health, but did not distinguish
different environmental factors. Therefore, the relationship between walking and mental health with
different levels of environmental quality deserves a more in-depth analysis [24].

Thus, there are still some research gaps concerning the relationship between walking and emotional
health. First, most available research results are concentrated in developed countries, while research
in developing countries has been scarce. Especially in a country like China that is undergoing rapid
urbanization, individuals’ living environment, physical exercise style, and mental health are changing.
Second, previous studies have shown the link between walking and mental health, however, it is not
clear how walking in environments with different qualities will affect emotional health. To address
these knowledge gaps, this study specifically explored the link between walking and emotional health
in China, and investigated whether walking frequency and duration were important for emotional
health. Specifically, this study examined the effect of walking on emotional health in an environment
with poor air quality. This study will contribute to a better understanding of the relationship between
walking and emotional health under different environmental conditions in China. Furthermore, this
case study of China will also help better understand the increasing “lifestyle—environmental health”
issues in other developing countries.
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2. Materials and Methods

2.1. Data

We used data from the 2014 wave of the China Labor-Force Dynamics Survey (CLDS 2014),
conducted by the Centre for Social Science Survey of the Sun Yat-sen University. In this survey,
respondents were selected using probability proportional to size sampling. In the present study,
we used the method of continuously narrowing the sample to analyze the relationship between walking
and emotional health with different levels of air pollution. First, based on all respondents, we analyzed
the impact of physical exercise on emotional health. For this, after eliminating those with missing
data, a total of 23,327 respondents were included in the regression analysis. In this part of the analysis,
valid samples accounted for 98.87% of the total sample.

Next, to analyze the relationship between walking and emotional health, we identified the group
for whom walking was the main physical exercise. In the CLDS 2014, there were 4876 respondents
who regularly engaged in physical exercise, accounting for 20.67% of the total sample. Among them,
2492 reported walking as their most practiced physical exercise, accounting for 51.10% of those who
exercised regularly. After eliminating those with missing information, a total of 2384 valid samples
were included in the regression analysis.

Finally, we focused on the group for whom walking was the main physical exercise and who lived
in neighborhoods with serious air pollution. In the CLDS 2014, there were 5694 respondents living in
communities with environmental pollution, accounting for 24.52% of the total sample. Environmental
pollution mainly included air, soil, water, and noise pollution. Because air pollution has the most direct
impact on “walking-health”, this study further selected residents living in communities with severe air
pollution. A total of 1867 individuals lived in communities with severe air pollution (very serious
and relatively serious), accounting for 32.79% of the total sample. Thus, after eliminating those with
missing information, 249 valid samples were included in the regression analysis.

2.2. Dependent Variable

The dependent variable was respondents’ emotional health. Respondents were asked the following
four questions about their emotional health: (1) Have you often felt depressed in the last 4 weeks?
(2) Have you often felt discouraged in the last 4 weeks? (3) Have you often felt unable to overcome
difficulties in the last 4 weeks? (4) Have you often felt sad in the last 4 weeks? Respondents answered each
question using a 5-point Likert-type scale ranging from 1 to 5 (1 = always, 2 = often, 3 = occasionally,
4 = seldom, 5 = no). Cronbach’s alpha for the four items was 0.89. We added up the scores of the four
items to obtain the emotional health score for each respondent.

2.3. Independent Variables and Covariates

The independent variables comprised physical exercise types, average number of walks per
week, and average walk duration. Respondents” physical exercise types were divided into three
groups: no regular physical exercise, walking, and other physical exercises (e.g., swimming, Tai Chi,
mountaineering). The average number of walks per week ranged between 1 and 7, and the mean
number was 5.33 (SD = 1.97). The average walk duration was between 1 and 360 min, and the mean
duration was 48.56 min (SD = 33.30 min). In this study, we used individual demographic factors as
covariates, which included age, self-rated physical health, marital status, and neighborhood types.
Table 1 shows the summary statistics of the variables used in the regression models.

2.4. Statistical Analysis

Since respondents’ emotional health was a continuous variable, we adopted the linear regression
method for analysis. We conducted the following three regression models, in order. Model 1 included
all respondents and mainly analyzed the impact of the type of physical exercise on emotional
health. Model 2 included respondents for whom walking was their primary type of physical exercise
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and mainly analyzed the impact of walking frequency and duration on emotional health. Model 3
included respondents for whom walking was their primary type of physical exercise and who
lived in neighborhoods with serious air pollution. This last model analyzed whether walking had a
significant impact on emotional health when the respondent considered the air was highly polluted.
Since individuals” emotional health is affected by many factors, a single factor or a certain type of factor
will have a relatively small impact on it; thus, in this study, R? and adjusted R? were relatively small.
However, from Model 1 to Model 3, the values of R? and adjusted R? gradually increased, indicating
that as the sample size decreased, the independent variables explained the dependent variables to an
increasingly larger extent.

Table 1. Summary statistics of study variables.

Variables Mean/% SD
Emotional health (4-20) 16.26 3.26

Physical exercise types (%)

No physical exercise regularly 79.38

Walking 10.55
Other physical exercises 10.07
Age (years old) 4291 14.51

Self-rated physical health (1-5) 3.69 0.99
Marital status (%)

Single 14.29

Married 81.04

Widowed or divorced 4.67
Neighborhood types (%)

Rural neighborhood 61.35

Urban neighborhood 38.65

3. Results

Table 2 shows the regression analyses results for the relationship between emotional health and
walking. In Model 1, including the whole sample, the respondents who took regular walks (B = 0.362,
p < 0.01) or engaged in other forms of physical exercise (B = 0.659, p < 0.01) had better emotional health
than those who did not exercise regularly. In terms of individual demographic factors, age (B = 0.026,
p < 0.01) and self-rated physical health (B = 0.684, p < 0.01) were significantly and positively and
associated with emotional health. Compared with single respondents, married respondents reported
better emotional health (B = 0.159, p < 0.05), and divorced/widowed respondents (B = —0.537, p < 0.01)
reported worse emotional health. Respondents who lived in urban neighborhoods reported poorer
emotional health than those who lived in rural neighborhoods (B = —0.117, p < 0.01).

In Model 2, including those for whom walking was the main physical exercise, the average
number of walks per week was significantly and positively correlated with emotional health (B = 0.143,
p < 0.01), but the average walk duration had no significant impact on emotional health. In terms of
individual demographic factors, age (B = 0.033, p < 0.01) and self-rated physical health (B = 0.740,
p < 0.01) were significantly and positively associated with emotional health, and married respondents
reported better emotional health than single respondents (B = 0.438, p < 0.10).

In Model 3, including those for whom walking was the main physical exercise and who lived in
neighborhoods with serious air pollution, the average number of walks per week was significantly
associated with emotional health (B = 0.207, p < 0.05). That is, for respondents from neighborhoods
with serious air pollution, regular walking still had a positive impact on emotional health. In terms of
individual demographic factors, self-rated physical health (B = 0.955, p < 0.01) was significantly and
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positively associated with emotional health, and married respondents reported better emotional health
than single respondents (B = 2.122, p < 0.01).

Table 2. Regression analysis results for the relationship between emotional health and walking.

Independent Variables Model 1 Model 2 Model 3
Coefficient SE Coefficient SE Coefficient SE

Physical exercise types (ref: No
physical exercise regularly)

Walking 0.362 ***  (0.070)
Other physical exercises 0.659 ***  (0.072)

Average number of walks 0.143**  (0.033)  0.207*  (0.100)

per week
Average duration per walk 0.001 (0.002) 0.005 (0.005)
Age 0.026 *** (0.002) 0.033 *** (0.006) 0.007 (0.019)
Self-rated physical health 0.684 *** (0.022) 0.740 *** (0.070) 0.955 *** (0.215)
Marital status (ref: Single)
Married 0.159*  (0.075)  0.438*  (0.254)  2.122**  (0.671)
Widowed or divorced —0.537 ***  (0.124) —-0.005 (0.366) 1.447 (1.230)
Neighborhood type (ref: Rural
neighborhood)
Urban neighborhood —0.117 ***  (0.045) 0.036 (0.137) -0.411 (0.413)
Constants 12457+ (0.126)  11.095**  (0.432)  10.079**  (1.308)
Number of samples 23,327 2384 249
R? 0.047 0.067 0.152
adj. R? 0.047 0.064 0.128
Log likelihood —60,067.978 —-6045.536 -616.920

SE: standard error (in parentheses). * p < 0.10, ** p < 0.05, *** p < 0.01.

4. Discussion

Emotional health reflects a person’s psychological state and is not only affected by the internal
psychological cognitive structure [34] (e.g., long-term outlook on life, values, and attitudes towards
life [35,36]) but also by the external environment (e.g., relaxing natural environment [37,38]). Further,
individuals can adjust their mental state by choosing different exercise methods and release stress
through exercise [39]. As a slow-paced exercise mode, walking has an obvious regulating effect on
emotional health. Individuals can organize their thoughts through easy walking activities, which may
also help them find solutions to their difficulties.

In this study, we found that walking had a positive effect on emotional health, which was
consistent with previous research [24-29]. A potential explanation for this could be that when walking,
individuals may come in contact with nature, which soothes the body and mind. Relevant studies have
pointed out that after outdoor group walks, the perception of restorativeness and naturalness influence
each other, thus enhancing the positive emotional experience [24]. In addition, walking is an enjoyable
form of exercise that can alleviate individuals’ anxiety [40—-42] and depression [8,43], and enhance their
mental well-being [44-46]. Wensley et al. [29] described walking as a kind of joy and considered it a
source of positive emotions, and Kekéldinen et al. [25] found that walking was associated with better
psychological well-being.

In addition, we found that the length of walking time had no significant effect on emotional health.
Namely, regardless of the walk duration, walking improved emotional health consistently. On the
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one hand, we think this may be related to the surrounding environment. For example, when one
first enters a park, one will feel the fresh air and experience physical and mental comfort; however,
after a period of time, the experience might become normal or ordinary. Similar theories can be found
in previous research [47]. Different lengths of time spent in an environment had almost the same
effect on improving self-esteem, and the experience of long- and short-term exposure was almost the
same [48]. On the other hand, it may be that individuals” perception of the impact of walking time was
not obvious and was easily interfered with by other factors. Marselle et al. [24] mentioned that the
perception of walking intensity precedes that of walking duration.

Moreover, we found that even for residents of neighborhoods with poor air quality, the positive
impact of walking on emotional health was maintained. This is somewhat different from the findings
of previous studies. For example, Gu et al. [49] found that air pollution had a negative impact on
mental health. Moreover, Yu et al. [50] reported that air pollution seriously hindered individuals’ daily
physical exercise (e.g., walking, biking). Even in our opinion, walking in an environment with poor air
quality is uncomfortable. A reason why previous research conclusions and common sense are different
from our finding could be that past research did not consider the impact of walking time on emotional
health under conditions of poor air quality. In the same length of time, the positive impact of short
distance walking would be far greater than the negative impact of poor air quality. Thus, air quality is
only one influencing factor in the walking environment, and this single factor alone is not enough
to affect the positive impact of walking on emotional health. This explanation is consistent with the
results of Han et al. [32].

Based on our results, in order to improve the emotional health of Chinese individuals, we make
the following suggestions. First, individuals should plan their time and do special walking exercises
and take short commutes by foot. Second, the community needs to promote individuals’ passion
for walking, for example, by setting up walking groups, setting up WeChat step count competitions,
integrating community trails, adding green plants, and improving the community walking environment.
Third, the government should issue policies (e.g., adding more walking roads in urban planning) and
implement campaigns to promote walking (e.g., publicizing the effects of walking on health in the
form of lectures to enhance awareness). Fourth, increasing urban green space is an important measure
to promote residents’ engagement in outdoor activities. Judging from the experience of developed
countries such as the Netherlands [51,52], green urban suburbs and community parks have a direct
impact on increasing residents’ outdoor activities. Due to the dense urban residential area layout
in China, green spaces inside the cities have often not been protected or reserved, which limits the
possibilities for residents to perform outdoor activities nearby. Controlling the urban growth boundary
and creating green spaces inside the city and in the community is of great significance to promoting
the physical and mental health of residents.

The relationship of physical exercise, mental health, and the natural environment is very complex
and deserves more in-depth research. The impact of walking on emotional health is related not only
to the amount of time spent walking but also to the intensity of the walking exercise. However,
since the data used in this study did not contain information on exercise intensity, research on the
impact of exercise intensity on the emotional health of walkers needs to be conducted in the future.
Another limitation of this study was the lack of accurate measurement of air quality. In the future,
more accurate and higher-quality measurements of natural environmental factors are required to study
the mental health effects of physical exercise for different types of individuals under different natural
environmental conditions. In addition, there is a difference between the short- and long-term impact
of physical exercise on mental health [53]. In the future, tracking survey data may thus be used to
analyze the impact of exercise on individuals’ mental health.

5. Conclusions

Walking has an important impact on the emotional health of individuals. This study found that
respondents who engaged in regular walks or other forms of physical exercise had better emotional
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health than those who did not exercise regularly. The average number of walks per week was
significantly and positively associated with emotional health, however, the average walk duration
had no significant impact on the emotional health of respondents. This study further revealed that for
respondents living in neighborhoods with serious air pollution, regular walking still had a positive
impact on their emotional health. Thus, encouraging residents to take regular walks is of great
significance for regulating their mental health.
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