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In order to explore the impact of experience in forest-based health and wellness 
(FHW) on the stress of middle-aged people, 12 participants aged 35–39 were 
selected to conduct a 3-day/2-night study on FHW experience in Wencheng, 
Wenzhou. Huawei bracelets were used to monitor participants’ movement, 
pulse and blood pressure and their mood state was measured before and after 
the health care experience using the Profile of Mood States (POMS) scale. After 
the FHW experience, the lowest value of bracelet stress appeared on the second 
day of the experience for men and women. The total mood disturbance (TMD) 
decreased by 38.8 points on average, which significantly improved the positive 
mood and relieved the stress. The decompression effect of the FHW experience 
showed some variability among individuals. Furthermore, there were gender 
differences in alleviation of fatigue and puzzlement, which was greater for 
females than males.
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1 Introduction

In China, FHW is based on high-quality forest resources and good forest environment. 
Guided by health theory and supported by the combination of traditional medicine and 
modern medicine, FHW has developed forest medical treatment, convalescence, rehabilitation, 
health care and health preservation, while also taking into account leisure, recreation, and 
vacation, etc. As such, FHW has the main functions of nourishing body, mind, temperament, 
wisdom, and morality, all of which are beneficial to human physical and mental health (1). It 
is similar in effect to forest therapist in Japan. Forest therapist stems from forest bathing, a 
short leisurely visit to a forest for the purpose of relaxation, called “Shinrin-yoku” in Japan (2).

As human society becomes increasingly urbanized, modern societies are subject to high 
levels of stress owing to the fast pace of life. People living in urban areas are prone to irritability 
and tiredness due to being in a crowded, unpleasant environment that is characterized by noisy 
traffic and unpleasant smells su6ch as automobile exhausts (3). Psychologically, stress refers to 
mental restraint and tension. The source of stress is external stimuli, such as tasks and 
challenges. Appropriate stress can be beneficial, for instance it can improve the efficiency of 
work and learning. However excessive stress can cause physical and mental suffering and even 
affect physical health.

According to the China National Bureau of Statistics, 35–60 years old is middle-aged. 
Middle-aged people are the predominant support of social labor force, family, and social 
responsibility which means middle-aged people tend to report more stress than any other age 
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group (4). Various physiological and psychological diseases are caused 
by stress, thus stress greatly affects humans’ health and well-being (5, 
6). Forest bathing or forest therapy refers to immersing oneself in 
nature and experiencing a forest’s atmosphere in order to improve 
mental and physical health (7–11). This therapeutic experience 
engages all five senses, with activities such as walking or simply being 
in the forest, which can effectively alleviate stress and confer numerous 
health benefits (12). As a preventive and alternative treatment 
approach, forest therapy has gained prominence as a means to manage 
stress and promote overall health and well-being, stemming from the 
restorative effects of spending time in a green, healthy 
environment (13).

Wencheng County is located in the mountainous area of southern 
Zhejiang Province, China (119°46′–120°15′E, 27°34′–57°59’N). 
Wencheng County boundary belongs to subtropical marine monsoon 
climate area, the forest coverage rate is 71.5%, its annual average 
temperature is 14–18.5°C, and it has a perennial frost-free period of 
285 days. The diet and accommodation within the FHW experience 
study were arranged in Yueman FHW base in Wencheng County, 
which is a demonstration FHW base in Wenzhou City. This study will 
investigate the effects of FHW experience on the decompression and 
mood regulation in a middle-aged sample through monitoring the 
dynamic changes of exercise parameters, routine physiological 
indicators, and stress of the participants. Evaluating the potential 
psychological and physiological benefits of the short FHW program 
could help to further develop this type of program, provide proof of 
its effectiveness, and encourage the public to enter the forest, thus 
promoting the development of FHW industry and improving 
national health.

2 Research methods

2.1 Participants

Five males and seven females, aged 35–39 years (mean age = 37.1) 
were selected as participants. Height range 151–184.5 cm (mean 
height = 168.6 cm). The body weight ranged from 45.3 to 87 kg (mean 
weight = 65 kg). Body Mass Index (BMI) ranged from 19.1 to 25.6 
(mean BMI = 22.8). See Table 1 for details. The participants all signed 
the commitment and their family members also signed the informed 
consent. During the study period, the participants had no disease 
characteristics and did not take any drugs.

2.2 Experimental procedure

The participants participated in a 3-day/2-night FHW experience 
in Wencheng (July 6th to July 8th, 2019). Each person wore Huawei 

Glory 4 bracelets. A forest walk was arranged for each day, along with 
other activities such as enjoying lotus flowers, visiting Liu Bowen’s 
hometown, and a forest hot spring bath. Blood pressure, pulse, and 
blood oxygen were measured using a LKang physical 
examination machine.

The POMS scale consists of 40 adjectives describing different 
emotional states, including seven different emotions: tension, anger, 
fatigue, depression, panic, vigor, and self-esteem. It is widely used in 
stress level detection and stress management. The total score of mood 
scale is TMD = negative emotion (tension + anger + fatigue + 
depression + panic) − positive emotion (vigor + self-esteem) + 100. 
The Profile of Mood States (POMS) scale was administered on July 1st 
before the experience and on July 8th after the experience.

Huawei B5 bracelets were used for the stress test, which has 
passed the authoritative test certification of Institute of Psychology, 
Chinese Academy of Sciences. Stress was administered 4 times: in 
the evening of July 6th, the morning of July 7th, the evening of July 
7th, and the morning of July 8th, from 7:30 to 8:30 in the morning 
and evening.

The study was approved by Dian Diagnostic medical ethics 
committee, and the procedures were in accordance with the Helsinki 
Declaration of 1975 as revised in 1983.

2.3 Statistical analysis

EXCEL 2003 was used for data calculation and mapping. The 
differences of mood state before and after the experience and the 
difference of stress values at different stages were tested by paired t-test 
with SPSS Statistics 17.

3 Results

3.1 Sports situation

From July 6th to July 8th, the average daily steps of 12 participants 
reached 13227.9 steps, the highest of which was July 6th, with some 
individuals exceeding 20,000 steps. The mean distance over the three 
days was 9.8 km, and the daily per capita calorie consumption was 
469.3 kcal. The intensity of 3-day exercise decreased slightly, as shown 
in Table 2.

3.2 Effect on blood pressure, blood 
oxygen, and pulse

The Chinese Guidelines for the Prevention and Treatment of 
Hypertension (2010 Revised Edition) stated that the normal blood 
pressure of adults in China is <120 mmgh in systolic blood pressure 
and < 80 mmgh in diastolic blood pressure. During the FHW 
experience, the mean diastolic and systolic blood pressures of 12 
participants were within the normal range at all four recordings. As 
depicted in Table  3, both diastolic and systolic blood pressures 
exhibited an increase on the evening of July 7th relative to the previous 
evening, the 6th. Conversely, a marked decrease in both pressure 
readings was observed on the morning of July 8th in comparison to 
the morning of July 7th.

TABLE 1 Participant base data.

Sex Age 
(year)

Height 
(cm)

Weight 
(kg)

BMI

Male 37–39 169.5–184.5 61.6–87 19.1–25.6

Female 35–39 151–172.5 45.3–72.9 19.4–24.5

Mean 37.1 168.5 65.0 22.8
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When at rest, the normal heart rate of adults is 60–100 beats per 
minute with the ideal heart rate being 55–70 beats per minute. The 
heart rate of females is consistently faster than that of males of the 
same age (14). During the FHW experience, the participants’ pulse 
was measured four times. Although pulse rates showed a small range 
of fluctuation, they were within the normal range (see Table 4).

It is generally believed that the normal blood oxygen level should 
not be  less than 94% and that less than 94% is considered to 
be insufficient oxygen supply. The higher the oxygen content in the 
blood, the better the metabolism (15). During the FHW experience, 
the blood pressure saturation of the 12 participants was tested on four 
occasions. Oxygen content was 96% or above, in a normal and good 
state, with rates of 100% in some individuals. The blood pressure 
saturation showed a stable trend and slightly increased.

3.3 Effects on the state of mind

The higher TMD, the greater the negative mood. On the contrary, 
the more positive of the mind state (16). Compared to before the 
FHW experience the scores of negative emotions (tension, anger, 
fatigue, depression and panic) decreased, while the scores of positive 
emotions (vigor and self-esteem) increased in the post-experience 
measurements (see Table 5). The mean TMD decreased by 38.6 points 
(male TMD by 33.6 points and female TMD by 42.4 points). FHW 
experience has a more obvious effect on alleviating female stress.

There were significant differences in tension, anger, fatigue, 
depression, vigor, panic, self-esteem and TMD before and after FHW 
experience (p < 0.01), the fatigue index changed the most among all 
indicators. FHW experience activities significantly improved the 

mood of middle-aged participants. This is completely consistent with 
the previous research conclusions of many scholars (17–19). FHW of 
middle-aged people has the same effect on improving emotions of 
young and older adults, and the effect of reducing fatigue and 
confusion of female is better than that of male.

3.4 Effect on stress

Stress state is controlled by the autonomic nervous system, in 
which the increase of sympathetic activity will increase the level of 
stress, while the increase of parasympathetic activity will reduce the 
level of stress. The state of the autonomic nervous system can 
be assessed by heart rate variability, thus heart rate variability is a good 
indicator of stress. Huawei stress detection technology uses HRV data, 
combined with a corresponding stress calculation model and stress 
sensors to estimate the stress state and degree of users.

During the FHW experience, the participants’ mean stress value 
reached the highest (41.3) on the first day and the lowest (38.3) on the 
second night of the experience, showing a U-shaped trend. For males, 
the highest stress value was 40.2 on the first day and the lowest value 
was 36.4 on the second day, showing a wave-like trend. For females, 
the highest stress level was 42.1 on the first day and the lowest was 38.0 
on the second night, showing a U-shaped trend. Some experienced a 
decrease of 8–9 stress values within 24 h. During the FHW experience, 
there were some differences between male and female stress values, 
for instance the effect of decompression was faster for males. The 
lowest value both appeared on the second day of the experience, but 
there was no significant difference in the stress values of the 
participants at different stages (p > 0.05) (see Figure 1).

TABLE 2 Sports profiles of participants.

Time Steps (mean  ±  SD) Distance/km (mean  ±  SD) Heat/Kcal (mean  ±  SD)

July 6th

Average 15217.4 ± 4142.2 11.4 ± 3.3 529.8 ± 228.8

Male 18712.8 ± 2001.6 14.3 ± 1.9 727.4 ± 53.4

Female 12720.7 ± 3366.3 9.4 ± 2.4 388.6 ± 195.6

July 7th

Average 14462.0 ± 4759.7 10.9 ± 4.2 502.2 ± 342.3

Male 18773.8 ± 5102.4 14.6 ± 5.1 815.5 ± 359.7

Female 12220.7 ± 2553.8 9.0 ± 1.8 354.9 ± 201.5

July 8th

Average 10004.0 ± 3970.2 7.16 ± 2.7 375.8 ± 206.7

Male 12486.6 ± 3810.6 8.9 ± 2.6 542.0 ± 130.7

Female 8231.1 ± 3227.1 6.0 ± 2.1 257.1 ± 165.9

Average 13227.9 ± 4726.2 9.8 ± 3.8 469.3 ± 263.7

TABLE 3 Blood pressure of participants.

Time Diastolic (mmgh) Systolic (mmgh)

Average Male Female Average Male Female

July 6th evening 71.3 ± 12.6 72.6 ± 13.5 70.4 ± 12.9 101.3 ± 18.6 112.0 ± 17.8 93.7 ± 16.1

July 7th morning 71.4 ± 8.1 75.4 ± 8.4 68.6 ± 7.1 110.1 ± 10.6 117.6 ± 11.4 104.7 ± 6.2

July 7th evening 72.6 ± 8.9 77.0 ± 10.1 69.6 ± 6.9 104.4 ± 12.6 110.4 ± 17.1 100.1 ± 6.9

July 8th morning 66.3 ± 11.0 74.4 ± 9.0 60.6 ± 8.6 93.4 ± 18.1 108.6 ± 10.6 82.6 ± 14.0
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4 Discussion

It has been reported that a higher ambient temperature reduces 
blood pressure, whereas a lower ambient temperature raises blood 
pressure (20–23). Several studies have determined that participants 
walking in a forest environment have lower pulse rates and diastolic 
and systolic blood pressures than in urban settings (17, 24–31). 
However there was no significant difference in blood pressure between 
the forest and urban area walking groups because of the big difference 
in ambient temperature between the forest (lower temperature) and 
urban (higher temperature) environments (2). Forest bathing 
significantly reduces blood pressure by reducing sympathetic nerve 
activity and urinary adrenaline, noradrenaline, and dopamine levels 
(2). In this study, the diastolic and systolic blood pressures of the 
participants showed a trend of first rising and then decreasing. The 
initial elevation of blood pressure may have been caused by the lower 
forest temperature and then the forest environment caused the 
later decrease.

The POMS test is a well-accepted quantitative means of evaluating 
mood, widely used in psychological investigations (3). The POMS 
measurements in the current study confirm previous findings that 
forest environments can relieve human psychological tension, 
depression, anger, fatigue, and confusion (27), suggesting that the 
subjects were physiologically relaxed during the forest bathing trips 
(17, 27, 30, 32–40). Some studies have also reported that forest 
environments can lead to improvements in other psychological 
responses, including anxiety and depression (29, 41–45). Kasetani 
et al. reported that a relationship exists between the POMS score and 
the physical environmental factors, such as relative illumination, 
relative humidity, atmospheric pressure, etc. (46). Studies have found 
that individuals with high blood pressure or high stress levels are more 
likely to exhibit improvement after forest bathing than healthy 
individuals (32, 44). It is important that the improvement in POMS 

score for those with depressive tendencies was much greater than for 
the non-depressive tendencies after forest bathing (47). Improvements 
observed in depressive symptoms and psychosocial functions may 
be  linked to the possible activation of neural networks through 
positive emotional reflection (48), and improved social cognitive 
functions through the stimulation of mirror neurons, leading to a 
better understanding of the intended actions and emotions of 
others (49).

Previous studies have shown that compared with exposure to 
urban settings, exposure to forest environments results in higher 
parasympathetic and lower sympathetic nervous activity (10, 17, 27, 
43). Both epinephrine levels and cortisol levels have been shown to 
decrease after a forest bathing trip suggesting forest bathing trip could 
reduce the stress level of Chronic Obstructive Pulmonary Disease 
(COPD) patients (50). From the viewpoint of attention restorative 
theory (51), these results strongly support that the forest is a good 
restorative environment for human beings (27). These studies have 
provided some evidence that living in a forest environment, even for 
a short time, exerts benefits on human health (3). Evaluating the 
effects of the short forest bathing program on psychological and 
physiological benefits could help to develop this type of program, 
provide proof of its effectiveness, and encourage the public to connect 
with nature (19). In addition, forest bathing may represent a potential 
medical intervention in several pathologies, including inflammation 
and cardiovascular and nervous conditions (3).

5 Conclusion

After the forest recuperation experience, both males and females 
demonstrated significantly reduced negative emotions, significantly 
increased positive emotions, and a decreased stress value on the 
second day of the experience. Both subjective and objective 

TABLE 4 Pulse and blood oxygen status of participants.

Time Pulse (beats/min) Blood oxygen (%)

Average Male Female Average Male Female

July 6th evening 76.4 ± 9.9 74.0 ± 14.2 78.1 ± 6.0 0.97 ± 0.0 0.96 ± 0.0 0.97 ± 0.0

July 7th morning 77.4 ± 9.7 77.6 ± 10.0 77.3 ± 10.3 0.97 ± 0.0 0.96 ± 0.0 0.97 ± 0.0

July 7th evening 79.0 ± 10.5 74.0 ± 10.4 82.6 ± 9.7 0.97 ± 0.0 0.96 ± 0.0 0.97 ± 0.0

July 8th morning 76.2 ± 11.5 74.8 ± 15.1 77.1 ± 9.3 0.97 ± 0.0 0.97 ± 0.0 0.97 ± 0.0

TABLE 5 Assessment of mood state.

Sex Stage Tension Anger Fatigue Depression Vigor Confusion Self-
esteem

TMD

Total
Before 8.3 ± 3.8 8.1 ± 5.1 8.1 ± 2.9 5.8 ± 3.1 10.3 ± 3.5 6.9 ± 3.1 8.1 ± 1.9 118.8 ± 15.3

After 1.4 ± 1.3** 1.0 ± 1.8** 0.8 ± 1.2** 0.5 ± 1.2** 15.0 ± 4.1** 2.0 ± 2.3** 10.7 ± 2.9** 80.0 ± 9.4**

Male
Before 7.0 ± 2.8 9.0 ± 5.1 6.6 ± 1.8 4.4 ± 2.6 10.6 ± 4.5 5.4 ± 1.7 8.2 ± 2.3 113.6 ± 16.5

After 1.2 ± 1.1** 1.0 ± 1.0** 0.6 ± 0.9** 0.2 ± 0.4** 15.0 ± 2.8** 1.8 ± 1.1** 9.8 ± 1.9** 80.0 ± 6.7**

Female
Before 9.1 ± 4.4 7.4 ± 5.4 9.1 ± 3.2 6.7 ± 3.2 10.0 ± 3.1 8.0 ± 3.6 8.0 ± 1.8 122.4 ± 14.5

After 1.6 ± 1.5** 1.0 ± 2.2** 0.9 ± 1.5** 0.7 ± 1.5** 15.0 ± 5.0** 2.1 ± 3.0** 11.3 ± 3.4** 80.0 ± 11.4**

A statistically significant difference is observed in the indicators post-FHW experience when compared to pre-FHW levels, with a p-value of less than 0.01 (**p < 0.01).
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physiological evaluation indicators showed that the forest recuperation 
experience activities relieved stress. FHW did have a relaxing effect, 
promoting health, and alleviating fatigue and sleepiness of females 
more so than males. What factors improve mood state? Quiet 
atmosphere, beautiful scenery, mild climate, fresh air, and other forest 
environments can increase parasympathetic activity and reduce 
sympathetic activity (27). Because of the particularity of environments 
and individual differences, the effect of forest environment health care 
and recuperation varies from person to person (52). The forest walk 
and other activities during the FHW experience may also have a 
beneficial impact on the emotional state. The improvement of the 
participants’ emotions is the result of the above factors and other 
comprehensive factors. Due to the short duration of this study and the 
small number of participants, the exact conclusion of the positive 
effects of FHW requires further research, which should involve a 
larger cohort of participants and extend the period of exposure to 
FHW. Recognizing FHW as a multidisciplinary field, involves multiple 
fields such as forestry, medicine, psychology, management, and 
education, and requires interdisciplinary cooperation and 
participation (13).
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FIGURE 1

Stress values at different stages.

https://doi.org/10.3389/fpubh.2024.1366339
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Quan et al. 10.3389/fpubh.2024.1366339

Frontiers in Public Health 06 frontiersin.org

References
 1. Hou-jian W, Xin-qiu D, Shi-hao L, Yong S, Hong C, Yan H, et al. Health 

rehabilitation and recreation in forests: concept connotation, product type and 
development route. Chin J Ecol. (2018) 37:2159–69. doi: 10.13292/j.1000-4890.201807.030

 2. Li Q, Kobayashi M, Kumeda S, Ochiai T, Miura T, Kagawa T, et al. Effects of Forest 
bathing on cardiovascular and metabolic parameters in middle-aged males. Evid Based 
Complement Alternat Med. (2016) 2016:1–7. doi: 10.1155/2016/2587381

 3. Mao GX, Lan XG, Cao YB, Chen ZM, He ZH, Lv YD, et al. Effects of short-term 
forest bathing on human health in a broad-leaved evergreen forest in Zhejiang Province, 
China. Biomed Environ Sci. (2012) 25:317–24. doi: 10.3967/0895-3988.2012.03.010

 4. Bo H, Xiao-yu L, Chun-yue G, Su-feng Y, Hong-min F, Fu-min F, et al. Effects of 
psychological stress on hypertension and gender differences in middle-aged population 
of China. Mod Prev Med. (2015) 42:4317–21.

 5. Dye C. Health and urban living. Science. (2008) 319:766–9. doi: 10.1126/
science.1150198

 6. Wagner KH, Brath H. A global view on the development of non communicable 
diseases. Prev Med. (2012) 54:S38–41. doi: 10.1016/j.ypmed.2011.11.012

 7. Han JW, Choi H, Jeon YH, Yoon CH, Woo JM, Kim W. The effects of Forest therapy 
on coping with chronic widespread pain: physiological and psychological differences 
between participants in a Forest therapy program and a control group. Int J Environ Res 
Public Health. (2016) 13:255. doi: 10.3390/ijerph13030255

 8. Im SG, Choi H, Jeon YH, Song MK, Kim W, Woo JM. Comparison of effect of two-
hour exposure to forest and urban environments on cytokine, anti-oxidant, and stress 
levels in young adults. Int J Environ Res Public Health. (2016) 13:625. doi: 10.3390/
ijerph13070625

 9. Sung J, Woo JM, Kim W, Lim SK, Chung EJ. The effect of cognitive behavior 
therapy-based "forest therapy" program on blood pressure, salivary cortisol level, and 
quality of life in elderly hypertensive patients. Clin Exp Hypertens. (2012) 34:1–7. doi: 
10.3109/10641963.2011.618195

 10. Park BJ, Tsunetsugu Y, Kasetani T, Hirano H, Kagawa T, Sato M, et al. Physiological 
effects of Shinrin-yoku (taking in the atmosphere of the forest)—using salivary cortisol and 
cerebral activity as indicators. J Physiol Anthropol. (2007) 26:123–8. doi: 10.2114/jpa2.26.123

 11. Park BJ, Tsunetsugu Y, Lee J, Kagawa T, Miyazaki Y. Effect of the forest environment 
on physiological relaxation using the results of field tests at 35 sites throughout Japan. 
For Med. (2013):57–67.

 12. Tsunetsugu Y, Park BJ, Miyazaki Y. Trends in research related to "Shinrin-yoku" 
(taking in the forest atmosphere or forest bathing) in Japan. Environ Health Prev Med. 
(2010) 15:27–37. doi: 10.1007/s12199-009-0091-z

 13. Zhang Z, Wang P, Gao Y, Bing Y. Current development status of forest therapy in 
China. Healthcare (Basel). (2020) 8:61. doi: 10.3390/healthcare8010061

 14. Raymond CH, Hao SM. Real-time heart rate monitoring in sport training. J 
Chengdu Phys Educ Inst. (2002) 28:89–91. doi: 10.15942/j.jcsu.2002.02.029

 15. Xin-zhong Y, Jing Y, Lue G. Study on measuring method of human oxygen 
saturation. Med Equip. (2005) 18:1–4.

 16. Beili Z. Brief introduction of POMS scale and its model for China. J Tianjin Inst 
Phys Educ. (1995) 10:35–7. doi: 10.13297/j.cnki.issn1005-0000.1995.01.007

 17. Lee J, Park BJ, Tsunetsugu Y, Ohira T, Kagawa T, Miyazaki Y. Effect of forest 
bathing on physiological and psychological responses in young Japanese male subjects. 
Public Health. (2011) 125:93–100. doi: 10.1016/j.puhe.2010.09.005

 18. Li Q. Effect of forest bathing (shinrin-yoku) on human health: a review of the 
literature. Sante Publique. (2019) S1(HS):135–43. doi: 10.3917/spub.190.0135

 19. Yu CP, Lin CM, Tsai MJ, Tsai YC, Chen CY. Effects of short forest bathing program 
on autonomic nervous system activity and mood states in middle-aged and elderly 
individuals. Int J Environ Res Public Health. (2017) 14:897. doi: 10.3390/ijerph14080897

 20. Hozawa A, Kuriyama S, Shimazu T, Ohmori-Matsuda K, Tsuji I. Seasonal variation 
in home blood pressure measurements and relation to outside temperature in Japan. 
Clin Exp Hypertens. (2011) 33:153–8. doi: 10.3109/10641963.2010.531841

 21. Jansen PM, Leineweber MJ, Thien T. The effect of a change in ambient temperature 
on blood pressure in normotensives. J Hum Hypertens. (2001) 15:113–7. doi: 10.1038/
sj.jhh.1001134

 22. Woodhouse PR, Khaw KT, Plummer M. Seasonal variation of blood pressure and 
its relationship to ambient temperature in an elderly population. J Hypertens. (1993) 
11:1267–74.

 23. Zhang X, Zhang S, Wang C, Wang B, Guo P. Effects of moderate strength cold air 
exposure on blood pressure and biochemical indicators among cardiovascular and 
cerebrovascular patients. Int J Environ Res Public Health. (2014) 11:2472–87. doi: 
10.3390/ijerph110302472

 24. Li Q, Otsuka T, Kobayashi M, Wakayama Y, Inagaki H, Katsumata M, et al. Acute 
effects of walking in forest environments on cardiovascular and metabolic parameters. 
Eur J Appl Physiol. (2011) 111:2845–53. doi: 10.1007/s00421-011-1918-z

 25. Mao GX, Cao YB, Lan XG, He ZH, Chen ZM, Wang YZ, et al. Therapeutic effect 
of forest bathing on human hypertension in the elderly. J Cardiol. (2012) 60:495–502. 
doi: 10.1016/j.jjcc.2012.08.003

 26. Park BJ, Tsunetsugu Y, Ishii H, Furuhashi S, Hirano H, Kagawa T, et al. 
Physiological effects of Shinrin-yoku (taking in the atmosphere of the forest) in a mixed 
forest in Shinano town, Japan. Scand J Forest Res. (2008) 23:278–83. doi: 
10.1080/02827580802055978

 27. Park BJ, Tsunetsugu Y, Kasetani T, Kagawa T, Miyazaki Y. The physiological effects 
of Shinrin-yoku (taking in the forest atmosphere or forest bathing): evidence from field 
experiments in 24 forests across Japan. Environ Health Prev Med. (2010) 15:18–26. doi: 
10.1007/s12199-009-0086-9

 28. Park BJ, Tsunetsugu Y, Kasetani T, Morikawa T, Kagawa T, Miyazaki Y. 
Physiological effects of forest recreation in a young conifer forest in Hinokage town, 
Japan. Silva Fennica. (2009) 43:291–301. doi: 10.14214/sf.213

 29. Song C, Ikei H, Miyazaki Y. Elucidation of a physiological adjustment effect in a 
forest environment: a pilot study. Int J Environ Res Public Health. (2015) 12:4247–55. doi: 
10.3390/ijerph120404247

 30. Tsunetsugu Y, Lee J, Park BJ, Tyrvainen L, Kagawa T, Miyazaki Y. Physiological 
and psychological effects of viewing urban forest landscapes assessed by multiple 
measurements. Landscape Urban Plan. (2013) 113:90–3. doi: 10.1016/j.
landurbplan.2013.01.014

 31. Tsunetsugu Y, Park BJ, Ishii H, Hirano H, Kagawa T, Miyazaki Y. Physiological 
effects of Shinrin-yoku (taking in the atmosphere of the forest) in an old-growth 
broadleaf forest in Yamagata prefecture, Japan. J Physiol Anthropol. (2007) 26:135–42. 
doi: 10.2114/jpa2.26.135

 32. Horiuchi M, Endo J, Akatsuka S, Uno T, Hasegawa T, Seko Y. Influence of forest 
walking on blood pressure, profile of mood states, and stress markers from the viewpoint 
of aging. J Aging Gerontol. (2013) 1:9–17. doi: 10.12974/2309-6128.2013.01.01.2

 33. Li Q, Morimoto K, Kobayashi M, Inagaki H, Katsumata M, Hirata Y, et al. A forest 
bathing trip increases human natural killer activity and expression of anti-cancer 
proteins in female subjects. J Biol Regul Homeost Agents. (2008) 22:45–55. doi: 10.1002/
jnm.659

 34. Li Q, Morimoto K, Nakadai A, Inagaki H, Katsumata M, Shimizu T, et al. 
Forest bathing enhances human natural killer activity and expression of anti-cancer 
proteins. Int J Immunopathol Pharmacol. (2007) 20:3–8. doi: 
10.1177/03946320070200S202

 35. Ochiai H, Ikei H, Song C, Kobayashi M, Miura T, Kagawa T, et al. Physiological 
and psychological effects of a Forest therapy program on middle-aged  
females. Int J Environ Res Public Health. (2015) 12:15222–32. doi: 10.3390/
ijerph121214984

 36. Ochiai H, Ikei H, Song C, Kobayashi M, Takamatsu A, Miura T, et al. Physiological 
and psychological effects of forest therapy on middle-aged males with high-normal 
blood pressure. Int J Environ Res Public Health. (2015) 12:2532–42. doi: 10.3390/
ijerph120302532

 37. Park BJ, Furuya K, Kasetani T, Takayama N, Kagawa T, Miyazaki Y. 
Relationship between psychological responses and physical environments in forest 
settings. Landscape Urban Plan. (2011) 102:24–32. doi: 10.1016/j.
landurbplan.2011.03.005

 38. Song C, Ikei H, Igarashi M, Miwa M, Takagaki M, Miyazaki Y. Physiological and 
psychological responses of young males during spring-time walks in urban parks. J 
Physiol Anthropol. (2014) 33:8. doi: 10.1186/1880-6805-33-8

 39. Song C, Joung D, Ikei H, Igarashi M, Aga M, Park BJ, et al. Physiological and 
psychological effects of walking on young males in urban parks in winter. J Physiol 
Anthropol. (2013) 32:18. doi: 10.1186/1880-6805-32-18

 40. Tsunetsugu Y, Park BJ, Lee J, Kagawa T, Miyazaki Y. Psychological relaxation 
effect of forest therapy: results of field experiments in 19 forests in Japan  
involving 228 participants. Nihon Eiseigaku Zasshi. (2011) 66:670–6. doi: 10.1265/
jjh.66.670

 41. Bowler DE, Buyung-Ali LM, Knight TM, Pullin AS. A systematic review of 
evidence for the added benefits to health of exposure to natural environments. BMC 
Public Health. (2010) 10:456. doi: 10.1186/1471-2458-10-456

 42. Lee I, Choi H, Bang KS, Kim S, Song M, Lee B. Effects of forest therapy on 
depressive symptoms among adults: a systematic review. Int J Environ Res Public Health. 
(2017) 14:321. doi: 10.3390/ijerph14030321

 43. Lee J, Tsunetsugu Y, Takayama N, Park BJ, Li Q, Song C, et al. Influence of forest 
therapy on cardiovascular relaxation in young adults. Evid Based Complement Alternat 
Med. (2014) 2014:1–7. doi: 10.1155/2014/834360

 44. Morita E, Fukuda S, Nagano J, Hamajima N, Yamamoto H, Iwai Y, et al. 
Psychological effects of forest environments on healthy adults: Shinrin-yoku (forest-air 
bathing, walking) as a possible method of stress reduction. Public Health. (2007) 
121:54–63. doi: 10.1016/j.puhe.2006.05.024

 45. Song C, Ikei H, Igarashi M, Takagaki M, Miyazaki Y. Physiological and 
psychological effects of a walk in urban parks in fall. Int J Environ Res Public Health. 
(2015) 12:14216–28. doi: 10.3390/ijerph121114216

 46. Kasetani T, Takayama N, Park B, Furuya K, Kagawa T, Miyazaki Y. Relation 
between light/thermal environment in the forest walking road and subjective estimations 

https://doi.org/10.3389/fpubh.2024.1366339
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.13292/j.1000-4890.201807.030
https://doi.org/10.1155/2016/2587381
https://doi.org/10.3967/0895-3988.2012.03.010
https://doi.org/10.1126/science.1150198
https://doi.org/10.1126/science.1150198
https://doi.org/10.1016/j.ypmed.2011.11.012
https://doi.org/10.3390/ijerph13030255
https://doi.org/10.3390/ijerph13070625
https://doi.org/10.3390/ijerph13070625
https://doi.org/10.3109/10641963.2011.618195
https://doi.org/10.2114/jpa2.26.123
https://doi.org/10.1007/s12199-009-0091-z
https://doi.org/10.3390/healthcare8010061
https://doi.org/10.15942/j.jcsu.2002.02.029
https://doi.org/10.13297/j.cnki.issn1005-0000.1995.01.007
https://doi.org/10.1016/j.puhe.2010.09.005
https://doi.org/10.3917/spub.190.0135
https://doi.org/10.3390/ijerph14080897
https://doi.org/10.3109/10641963.2010.531841
https://doi.org/10.1038/sj.jhh.1001134
https://doi.org/10.1038/sj.jhh.1001134
https://doi.org/10.3390/ijerph110302472
https://doi.org/10.1007/s00421-011-1918-z
https://doi.org/10.1016/j.jjcc.2012.08.003
https://doi.org/10.1080/02827580802055978
https://doi.org/10.1007/s12199-009-0086-9
https://doi.org/10.14214/sf.213
https://doi.org/10.3390/ijerph120404247
https://doi.org/10.1016/j.landurbplan.2013.01.014
https://doi.org/10.1016/j.landurbplan.2013.01.014
https://doi.org/10.2114/jpa2.26.135
https://doi.org/10.12974/2309-6128.2013.01.01.2
https://doi.org/10.1002/jnm.659
https://doi.org/10.1002/jnm.659
https://doi.org/10.1177/03946320070200S202
https://doi.org/10.3390/ijerph121214984
https://doi.org/10.3390/ijerph121214984
https://doi.org/10.3390/ijerph120302532
https://doi.org/10.3390/ijerph120302532
https://doi.org/10.1016/j.landurbplan.2011.03.005
https://doi.org/10.1016/j.landurbplan.2011.03.005
https://doi.org/10.1186/1880-6805-33-8
https://doi.org/10.1186/1880-6805-32-18
https://doi.org/10.1265/jjh.66.670
https://doi.org/10.1265/jjh.66.670
https://doi.org/10.1186/1471-2458-10-456
https://doi.org/10.3390/ijerph14030321
https://doi.org/10.1155/2014/834360
https://doi.org/10.1016/j.puhe.2006.05.024
https://doi.org/10.3390/ijerph121114216


Quan et al. 10.3389/fpubh.2024.1366339

Frontiers in Public Health 07 frontiersin.org

for taking in the atmosphere of the forest (in Japanese). J Jpn Inst Lands Archit. (2008) 
71:713–6. doi: 10.5632/jila.71.713

 47. Furuyashiki A, Tabuchi K, Norikoshi K, Kobayashi T, Oriyama S. A comparative 
study of the physiological and psychological effects of forest bathing (Shinrin-yoku) on 
working age people with and without depressive tendencies. Environ Health Prev Med. 
(2019) 24:46. doi: 10.1186/s12199-019-0800-1

 48. Matsunaga M, Okamoto Y, Suzuki S, Kinoshita A, Yoshimura S, Yoshino A, 
et al. Psychosocial functioning in patients with treatment-resistant depression after 
group cognitive behavioral therapy. BMC Psychiatry. (2010) 10:22. doi: 
10.1186/1471-244X-10-22

 49. Ishida H. Brain mechanisms for prediction of other’s perception and emotion. 
Emot Stud. (2016) 2:31–7. doi: 10.20797/ems.2.1_31

 50. Jia BB, Yang ZX, Mao GX, Lyu YD, Wen XL, Xu WH, et al. Health effect of Forest 
bathing trip on elderly patients with chronic obstructive pulmonary disease. Biomed 
Environ Sci. (2016) 29:212–8. doi: 10.3967/bes2016.026

 51. Kaplan R, Kaplan S. The experience of nature: A psychological perspective. New 
York: Cambridge University Press (1989).

 52. Uehara I, Shimizu Y, Sumitomo K, Takayama N. Forest convalescence. Beijing: 
Science Press (2019).

https://doi.org/10.3389/fpubh.2024.1366339
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.5632/jila.71.713
https://doi.org/10.1186/s12199-019-0800-1
https://doi.org/10.1186/1471-244X-10-22
https://doi.org/10.20797/ems.2.1_31
https://doi.org/10.3967/bes2016.026

	The effect of forest-based health and wellness on the stress-relieve of middle-aged people
	1 Introduction
	2 Research methods
	2.1 Participants
	2.2 Experimental procedure
	2.3 Statistical analysis

	3 Results
	3.1 Sports situation
	3.2 Effect on blood pressure, blood oxygen, and pulse
	3.3 Effects on the state of mind
	3.4 Effect on stress

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

