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Abstract: This study investigated the influence of forest walking on blood pressure (BP), profile of mood states (POMS) 

and salivary cortisol in both young and aged people. Twenty-three young people (Men=11, Women=12) with a mean age 
of 22 yrs and twenty-five aged people (M=10, W=15) with a mean age of 59 yrs participated in this study voluntarily. 
Each participant walked about three hours in the forest according to their comfortable walking pace. After forest walking, 

systolic BP (SBP) and mean BP (MAP) had significantly decreased in aged people (-10±3 mmHg in SBP, and -5±2 
mmHg in MBP, P<0.05, respectively) while remained unchanged in young people. The scores for the “tension-anxiety” 
and “confusion” subscales of POMS were significantly improved in both young and aged people; moreover, the score for 

the “anger–hostility” subscale in aged people was also improved significantly. Salivary cortisol significantly decreased in 
young people (-0.22±0.03μg/dl, P<0.05) and had a tendency to decrease in aged people (-0.05±0.03μg/dl, P=0.099). BP 
variables at baseline were associated with the changes in BP variables (r=0.575 in systolic BP, r=0.581 in diastolic BP, 

r=0.582 in MAP, and r=0.582 in pulse pressure), respectively. Furthermore, the baseline salivary cortisol was also 
related to the forest walking-induced changes in that value (r=0.882). Thus, people with higher BP and higher stress 
markers may show greater effects from forest walking. Collectively, these results suggested that forest walking may have 

the possibility to reduce resting BP, mental stress and stress markers in both young and aged people; moreover, 
significant deceases in BP of aged people indicate that forest walking can be an important and novel exercise therapy if 
undertaken at a comfortable pace.  
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INTRODUCTION 

Progression to an aging society, defined as 14-21% 

of the population aged over 65 years, is occurring in 

most advanced countries [1]. Japan is known as one of 

the fastest aging countries in the world, in terms of the 

average life expectancy, the number of aged people, 

and the speed of progression to an aging society [2]. 

Indeed, Japan became an aging society in 1994 and in 

2007 became an extremely aging society; that is, one 

in which people over 65 years comprise more than 

21% of the total population [3]. Under these conditions, 

keeping healthy both physically and mentally is now 

becoming an important issue.  

Nature therapy has been introduced as a novel 

health intervention [4, 5] as modern city life has 

resulted in a novel risk factor, dubbed ‘technostress’ 

[6]. Indeed, it has been reported that a 50-min walk in a 

natural environment increases positive emotions 

whereas positive emotions decrease in urban 

environments [7]. In epidemiological studies, “green 

space”, or an open area with growing plants, is 

associated with a subjective sense of well-being [8] and 

the longevity of urban residents [9]. 
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Given these results, the traditional practice of forest 

bathing and/or walking, so called, “Shinrin-yoku” in 

Japan, has received renewed attention as a novel 

health intervention. Thus, numerous studies have 

examined the effects of forest environments on both 

psychological factors such as emotions and moods [10-

13] and physiological factors such as cerebral activity 

[11], heart rate variability [12-14], pulse rate and blood 

pressure [12-15], salivary amylase activity [16], salivary 

cortisol concentrations [11-15], natural killer cell activity 

[17-19], and urine adrenaline and nor-adrenaline [18, 

19]. These studies have suggested that forest 

environments may have a positive effect on both types 

of factors. Although these studies were conducted on 

essentially healthy people, another study has reported 

that forest walking reduced blood glucose levels in 

diabetic patients [20].  

However, there seems not to be enough evidence 

on how forest environments affect human health. 

Surprisingly few studies have been carried out on aged 

people except for the aforementioned study on 

diabetes [20] and one that examined aged and elderly 

subjects without comparison to younger subjects [21].  

The purpose of the present study, therefore, was to 

investigate the influences of forest walking on 

physiological and psychological factors in both young 

and aged people, and to compare those results. 
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METHODS  

Participants 

In total, twenty-three healthy young subjects and 

twenty-five aged subjects participated in this study. 

Subject characteristics in the two groups are shown in 

Table 1. After a detailed description and explanation of 

all study procedures, and the possible risks and 

benefits of participation, each subject signed an 

informed consent form. Subjects were requested to 

abstain from caffeinated beverages for 12 hr and from 

strenuous exercise and alcohol for a minimum of 24 hr 

before any experimental sessions. All procedures in the 

present study were approved by the ethical committee 

of Yamanashi Institute of Environmental Sciences and 

were performed in accordance with the guidelines of 

the Declaration of Helsinki. 

Procedure 

The participants drove themselves to the starting 

point in the forest in the morning, and sat in 

comfortable chairs more than half an hour before 

baseline measurements. After these measurements, all 

participants were divided into several groups to avoid a 

time lag in the measurement after forest walking. 

Participants were asked not to run and not to compete 

with each other during the forest walking. Walking 

speeds were left to their own choice, but a comfortable 

pace at which they could talk each other was 

recommended. The total distance was about 6 km and 

the time spent walking was about three hours, with 

several breaks. Participants were not restricted in their 

choice of beverage, with the exception of drinks 

containing caffeine and alcohol, which were prohibited 

as they would influence physiological factors such as 

blood pressure. 

Measurements 

Systolic and diastolic blood pressure (SBP and 

DBP) and pulse rate were measured before and after 

forest walking by a digital blood pressure monitor 

(HEM-7011, OMRON, Japan) using an oscillometric 

method on the upper arm. Saliva for analysis of cortisol 

was collected using a Salivette device (No. 51.1534; 

Sarstedt, Numbrecht, Germany), for a 5-min period. 

After collection, saliva samples were frozen and 

subsequently analyzed for Mitsubishi Chemical 

Medicine, Co. Ltd.  

A short Japanese version of profile of mood states 

(POMS) based on the original text [22] was used to 

evaluate mood in each participant [23]. The POMS 

scale consists of six sub-scales: T–A (tension and 

anxiety), D (depression and dejection), A–H (anger and 

hostility), V (vigor), F (fatigue), and C (confusion) with 

0-4 scales. The total mood disturbance (TMD) score is 

calculated by subtracting the V score from the sum of 

scores for the other dimensions.  

These physiological and psychological 

measurements were conducted before and after forest 

walking. At the baseline (“before”) measurements, each 

participant sat upright in a chair and filled out the 

POMS questionnaire; then saliva was collected and 

blood pressure and pulse rate were measured. After 

walking a similar procedure was carried out; however, 

to separate the physiological effects, blood pressure 

was measured after the pulse rate had recovered to the 

baseline value. 

In addition to these measurements, the Type A 

behavior pattern (Type A) was assessed by a triple 

choice questionnaire in Japanese [24] because links 

between Type A and stress-related diseases have 

been found [25]. This questionnaire was modified 

based on a previous study [26] and consisted of 12 

questions related to aggression, hostility, hard-driving 

life style, time-urgency, speed, and power of action, 

with 0-2 scales.  

Data Analysis 

Mean arterial pressure (MAP) was calculated as 

[(2*diastolic pressure) +systolic pressure]/3. Pulse 

Table 1: Physical Characteristics in Young and Elderly 

 Young Old P-value 

Men/Women 11/12 10/15 0.772 

Age (yrs) 21.5 ± 2.8 59.2 ± 6.2 <0.001 

Height (cm) 166.6 ± 7.7 159.7 ± 7.6 0.004 

Body mass (kg) 59.4 ± 9.4 55.7 ± 6.8 0.139 

BMI (kg/m
2
) 21.3 ± 2.3 21.9 ± 2.9 0.464 

Type A (n / %) 7(30.4%) 3(13.7%) 0.297 
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pressure was calculated as the difference between 

SBP and DBP. The score of total mood of disturbance 

(TMD) were calculated by summing the scores of all 

subscales except the score of vigor. 

Statistical Analysis 

Data are expressed as means ± standard errors 

(S.E.M.). Unpaired t-tests were conducted for 

comparison of physical characteristics between young 

and aged participants. Chi-square tests were carried 

out to compare the ratio of gender differences and type 

A pattern between young and aged participants. Two-

way repeated measure analysis of variance (ANOVA) 

was used for physiological and psychological 

comparisons (Sigma Stat ver. 3.5, Hulinks, USA). For 

two-way ANOVA, the Tukey post-hoc test was 

employed when interactions were significant. To 

estimate the relationship between baseline values and 

changes in physiological variables, a Pearson 

correlation coefficient was conducted. P-values > 0.05 

were considered to indicate statistical significance. 

RESULTS 

The ratio of type A pattern was slightly higher in 

young participants compared to aged participants, but 

the difference was not statistically significant (Table 1). 

There were no significant differences between 

young and aged participants in either baseline or post-

forest-walking values of SBP, DBP, MAP and PP. 

However, in -aged participants SBP (pre 138.1±4.6, 

post; 127.7±3.6mmHg), MAP (pre; 98.6±3.4, post; 

93.5±2.7mmHg) and PP (pre; 59.2±2.6,post; 

51.3±2.1mmHg) showed a significant decrease from 

baseline after forest walking (Figure 1).  

Regarding salivary cortisol, several samples from 

aged participants could not be analyzed due to 

technical problems, e.g., not enough saliva, so that the 

total number of samples was 24 in young subjects and 

only 18 in aged. At baseline, salivary cortisol was 

significantly higher in young participants than in aged 

participants (young; 0.33±0.03, aged; 0.19±0.02μg/dl, 

p<0.05), whereas no significant difference was 

observed after forest walking participants (young; 

0.12±0.01, aged; 0.13±0.02μg/dl,). In young 

participants, salivary cortisol decreased significantly 

from baseline after forest walking (p<0.001); in -aged 

participants, the decrease was only a trend (p=0.09) 

(Figure 2). 

Table 2 shows the changes in subscales and TMD 

scores of the POMS in young and aged participants. 

The T-A and C subscales, and TMD scores in both 

 

Figure 1: Changes from baseline systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), 
and pulse pressure (PP) after forest walking in young and -aged participants. White bar indicates young subjects at baseline, 
the diagonally striped bar shows young subjects after walking, gray bar is older subjects at baseline, and black bar is older 
subjects after walking. *; p<0.05 between baseline and post-forest-walking levels. 



12      Journal of Aging and Gerontology,  2013 Vol. 1, No. 1 Horiuchi et al. 

 

Figure 2: Salivary cortisol changes from baseline after forest walking in young and aged participants (Left panel) and 
relationships between baseline value of salivary cortisol concentration and forest walking-induced changes of cortisol (Right 
panel). Classification of bars is the same as in Figure 1. *; p<0.05 between baseline and post-forest-walking levels. 
 

Table 2: Forest Walking-Induced Changes in Profile of Mood States Between Young and Old Participants 

Young Old  

pre Post pre post 

Trait-Anxiety 3.6 ± 0.8 1.2 ± 0.5* 3.4 ± 0.5 1.9 ± 0.4* 

Depression-Dejection 1.3 ± 0.4 0.5 ± 0.3 1.5 ± 0.4 1.2 ± 0.3 

Anger-Hostility 0.6 ± 0.2 0 ± 0 1.9 ± 0.5 1.1 ± 0.3* 

Vigor 7.0 ± 0.9 7.7 ± 1.1 8.8 ± 0.8 8.5 ± 1.0 

Fatigue 3.0 ± 0.6 4.7 ± 0.7 2.3 ± 0.5 2.5 ± 0.4 

Confusion 4.2 ± 0.4 3.3 ± 0.3* 4.3 ± 0.4 3.4 ± 0.3.* 

TMD 12.7 ± 1.5 9.6 ± 1.2* 13.3 ± 1.9 10.0 ± 1.2* 

Values are means±SE. TMD, total mood of disturbance, *, p<0.05 between pre and post. 

 

 

Figure 3: Relationships between baseline value of each BP variables and forest walking-induced changes of BP valuables. A) 
SBP, B), DBP, C) MAP, and D) PP. White circles and black circles indicate young and aged participants, respectively. 
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young and aged participants significantly decreased 

after forest walking. The A-H subscale decreased only 

in aged participants. 

Interestingly, the baseline values of SBP, DBP, 

MBP, PP, and salivary cortisol were closely associated 

with changes in these respective variables, indicating 

that forest walking may be more effective for people 

who have higher BPs and stress markers (Figures 2 

and 3). 

Moreover, participants with higher type A test score 

showed a greater reduction in the D and C subscales 

and TMD of POMS. Similarly, participants with higher 

type A test score showed a greater reduction in the 

salivary cortisol concentrations (Figure 4). 

DISCUSSION 

The major findings in the present study were that 

forest walking had different benefits on the different 

populations. In -aged participants BP showed a 

significant decrease from baseline after forest walking, 

whereas no significant change was observed in young 

participants. On the other hand, salivary cortisol as a 

stress marker showed a more significant decrease in 

young participants. Moreover, several subscales of 

POMS were improved by forest walking. Different 

levels of physiological change could be partly explained 

by baseline values and individual personality (Type A 

vs. B), indicating those with more severe conditions 

responded more to the therapy. 

Blood Pressure 

Previous studies have demonstrated that BP in a 

forest environment was significantly lower compared 

than that in an urban area [12,13,15]; however, these 

studies did not indicate whether forest bathing and/or 

walking per se reduced BP. Tsunetsugu et al. (2007) 

[13] reported that forest walking reduced DBP, but not 

SBP. It was also reported that the decrease in both 

SBP and DBP caused by walking was significantly 

greater in a forest than in an urban setting [21]. Another 

study showed no change in SBP and DBP from forest 

walking [14]. These studies are partly in agreement 

with our results. 

In general, BP is typically reduced 5-10 mmHg 

following a single bout of moderate-intensity dynamic 

 

Figure 4: Relationships between Type A behavior and forest walking-induced changes of subscale scores in A) ‘Depression-
Dejection’, B) ‘Confusion’, C) ‘Total Mood of Disturbance’ in the POMS and D) salivary cortisol concentrations. White circles and 
black circles indicate young and aged participants, respectively. 
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exercise for 30-60 min. Several factors including but 

not limited to decreased stroke volume, cardiac output, 

total peripheral resistance, and sympathetic nerve 

discharge have all been shown to potentially contribute 

to the reduction in BP after dynamic exercise [27, 28]. 

However, there is not enough evidence about post-

exercise hypotension in older people. Two previous 

studies, which recruited people with mean ages of 68 

[29] and 64 yrs, [30] respectively, have suggested that 

reduction in BP after a single bout of moderate-

intensity exercise may be attributed to a decrease in 

stroke volume mediated by a transient reduction in left 

ventricular function.  

One important finding in this study was that PP in -

aged participants significantly decreased after forest 

walking as well as SBP and MAP. Since it is known 

that increased PP is closely associated with impaired 

endothelium-dependent vasodilation [31], and that PP 

is also a good predictor of cardiovascular disease risk 

[32] and mortality in hypertensive patients [33], this 

finding may suggest an important benefit of forest 

walking in a clinical setting. As BP is decided by 

multiplying cardiac output, i.e., stroke volume by heart 

rate by total vascular resistance, a reduction in BP 

implies a decrease in stroke volume or heart rate or 

vascular resistance. In this study, BP was measured 

after the recovery in pulse rate; thus, the BP decreases 

in our aged participants may be attributed to a 

reduction in either stroke volume or vascular resistance 

or both. However, since these parameters were not 

measured in this study, the precise mechanism is still 

unclear. Another possible explanation is that higher 

baseline values of BP affect the magnitude of BP 

changes induced by forest walking. In this study, a 

significantly negative and linear relationship between 

baseline BP values and forest-walking-induced 

changes in BP was observed. Previous studies 

demonstrated that the magnitude of the reduction in BP 

in normotensive subjects was less compared to that in 

hypertensive patients during recovery form exercise 

[34-36]. Similarly, people with higher resting BP values 

may show greater hypotension after exercise [37]. 

Therefore, significant decreases in BP in aged 

participants in this study can be partly accounted for by 

the differential in baseline BP values.  

Salivary Cortisol 

In this study, we analyzed levels of cortisol, a stress 

hormone, in saliva to evaluate subjects’ stress 

responses to forest walking. It is well known that 

cortisol is released by the hypothalamic–pituitary–

adrenal (HPA) axis in response to stress [38] and is a 

reliable indicator of endocrine stress responses [39]. Its 

salivary release in response to stress is immediate and 

is highly associated with the free cortisol fraction in the 

blood [40, 41]; thus, salivary cortisol concentration is a 

useful indicator to assess stress responses. Previous 

studies have reported that salivary cortisol 

concentrations were significantly lower in forest 

environments than in urban areas after viewing a 

landscape, though these studies did not provide 

evidence that forest environments reduced salivary 

cortisol concentration from baseline levels [11, 14, 15]. 

Tsunetsugu et al. (2007) [13] reported that salivary 

cortisol concentrations were significantly lower in 

forested areas compared to the city areas, both before 

and after walking; they also found that walking reduced 

cortisol levels in the city area but not in the forest area. 

Thus, changes in salivary cortisol concentrations may 

have been affected by both the forest environment and 

the exercise, i.e., walking. Our results showed that 

salivary cortisol concentrations in young participants 

significantly decreased after forest walking, and 

showed a similar but lesser tendency in aged 

participants. Although whether these changes were 

induced by the forest environment or the walking is 

unclear, it is likely that walking in the forest was a 

relaxing stimulation to reduce stress. It is still unclear 

why there were no significant changes in salivary 

cortisol concentrations in aged participants. One 

possibility is the age-related difference in salivary 

cortisol responses to various stimuli. Several previous 

studies reported that HPA axis sensitivity diminished in 

old subjects compared to younger subjects [42], 

resulting in decreased cortisol release in older subjects 

[43, 44]. Another explanation is that, for the same 

reason as the BP changes, the baseline value may be 

the cause of differential changes in salivary cortisol 

concentrations. The baseline value of salivary cortisol 

was significantly lower in aged than in young 

participants, such that greater forest walking-induced 

change in salivary cortisol concentrations was possible 

for the younger group.  

POMS 

The changes in POMS in this study showed a 

similar tendency for young and -aged participants, 

suggesting that aging had less influence on this 

measure. POMS has been widely used to assess 

changes in mood in a variety of fields because of its 

responsiveness [22]. Several studies have reported the 

effect of forest environments on the scores of POMS 

[12, 14] and other questionnaires [10, 11, 13, 15]. It 
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was reported that all POMS subscales were improved 

by forest viewing and walking [12, 14]. Similar results—

for example, improvement of hostility, depression, 

boredom, friendliness, wellbeing, comfort, calmness, 

liveliness and refreshed feelings—were observed in 

previous studies [10, 11, 13, 15].  

In contrast, several studies have found no effect on 

POMS scores of moderate-intensity exercise [45-47]. 

Although the exercise intensity of forest walking in the 

present study may be possibly lower than the 

moderate-intensity exercise in these previous studies, 

their findings suggest that it was the forest, per se, 

rather than the walking, that had the positive impact on 

emotion and mood in our human subjects.  

Relationship between Individual Personality and 
Related Factors 

As it was supposed that difference would exist in 

individuals’ response to both physiological and 

psychological changes, we tried to investigate whether 

differences in personality could explain these individual 

variances. As it turned out, however, the ratio of type A 

participants in this study was relatively small, i.e., only 

21% compared to 79% of Type B; thus, we could not 

divide participants into Type A and B groups. Instead, 

Pearsons correlation coefficient was used to assess 

the relation between Type A personality and related 

factors. Our results showed that participants with 

higher Type A scores were significantly more likely to 

improve D, C, and TMD scores of subscales in POMS 

by forest walking. Moreover, changes in salivary 

cortisol concentration as a stress marker was also 

related to the Type A score. A recent study 

demonstrated that after Tai Chi exercise, the scores for 

D, A–H, F, C and TMD decreased significantly for the 

type A behavior-pattern subjects, whereas no 

significant changes were observed in the type B group 

[48]. Moreover, saliva cortisol release has been 

associated with the Type A behavior [49] and other 

personalities [50] although it has been difficult to reach 

consensus on that matter. Nevertheless, our findings 

may involve an important issue in reducing mental 

stress irrespective of age differences. In general, Type 

A behavior is associated with relatively enhanced 

sympathetic nerve activity [51-54], and links have been 

identified between chronic psychosocial stress, 

markers of excessive sympathetic activation and 

elevated blood pressure [55]. Moreover, psychosocial 

stress has been implicated in the pathogenesis of 

essential hypertension [56], and elevated stress has 

also been associated with increased risk of 

atherosclerosis [57] and acute cardiovascular events 

[58]. While the mechanisms underlying these links are 

complex, our results may indicate that forest walking 

may be more effective for Type A personalities, 

suggesting its potential for clinical intervention in 

individuals at increased risk of cardiovascular disease.  

Technical Considerations 

Several limitations must be considered when 

interpreting the findings from the present study. First, 

we did not collect data in an urban area; hence, it is 

possible that our results may involve the effects of 

exercise per se rather than the effect of exercise in a 

forest environment. Similarly, we did not investigate the 

effect of forest environments per se, that is, influence 

without walking. However, the major purpose of this 

study was to compare the influence of forest walking in 

young and aged people, and our results clearly 

demonstrated age-related differences in the impact of 

forest walking. Second, the sample size in this study 

was relatively small, so it is still uncertain whether the 

results are generalizable and/or applicable to different 

populations such as hypertensives. Third, the precise 

mechanisms underlying the influence of forest 

environments could not be completely clarified in this 

study due to the technical difficulties of experimental 

manipulation in a forest environment. 

In summary, the current results suggest that forest 

walking may have an important role in reducing BP in 

aged participants. Moreover, there is a possibility that 

this exercise therapy may be useful for people with 

higher psychological stress. Thus, despite the several 

limitations mentioned above, this is clearly an area 

worthy of further investigation in an era of aging 

populations. 
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