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Abstract
This study aimed to examine and compare therapeutic effectiveness between forest bathing (FB) and diaphragmatic deep 

breathing exercise (DDBE) in middle-aged adults with pre-hypertension or hypertension in Hong Kong. Four sessions each of FB 
and DDBE were conducted among eligible participants in a country park (n=21) and a quiet room (n=12), respectively. Systolic 
blood pressure (SBP), diastolic blood pressure (DBP), pulse rate (PR), mood states, and state and trait anxiety levels were measured 
before (baseline) and immediate before and after each intervention, and eight weeks post intervention. After four consecutive 
weeks of intervention, the FB group achieved a significant decrease in SBP 7.4 mmHg and a significant reduce in the scores of state 
anxiety level of 11.5, trait anxiety levels of 6.4, the total mood states of 14.8, tension-anxiety of 3.2, depression of 2.0, fatigue of 4.1, 
anger of 2.3 and confusion of 2.0. DDBE intervention showed no effect on lowering SBP, DBP and PR, but it showed a significant 
decrease in the scores of state anxiety level of 8.0, trait anxiety level 6.2, total mood states 9.0, tension-anxiety 1.6 and confusion 
1.8. FB was more effective in lowering SBP, state and trait anxiety levels, and improving negative mood, while DDBE was more 
effective in decreasing PR. At eight weeks after intervention, only FB had a significant sustained effect on lowering PR of 6.9 beats/
min. These findings provide preliminary evidence that FB is more effective than DDBE in lowering SBP and anxiety levels in the 
study population.
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Introduction
Hypertension have been reported to be associated with 

coronary vascular disease and cerebrovascular diseases [1,2]. 
The prevalence of hypertension is estimated to impact 29% of the 
population by 2025 [1]. The pre-hypertension definition (120-139 
mmHg and/or 80-89 mmHg) relatively recently established is to 
alert adults with pre-hypertension of the high risk of hypertension 
and the resulting cardiovascular diseases [3]. Hypertension is 
defined when systolic blood pressure (SBP) is ≥140 mmHg and/or 
diastolic blood pressure (DBP) is ≥90 mmHg [4].

Uncontrolled elevated BP contributes to kidney failure and 
blindness. It significantly increases the risk of cardiovascular 
diseases such as heart attack and stroke in hypertensive or pre-
hypertensive patients [5]. However, most individuals with pre-
hypertension or hypertension are not aware of the seriousness  

 
of elevated BP, they often continue their lifestyle habits such 
as unhealthy diet intake, lack of physical exercise, alcohol 
consumption, and smoking. Many of the patients with hypertension 
do not comply with their prescribed antihypertensive drug regimen 
and/or follow-up medical visits, which increases their risk of 
cardiovascular morbidity and mortality [6-8]. Antihypertensive 
drugs are commonly prescribed to control high BP. However, many 
patients have been reported to neglect their medication regimen 
or even discontinue medication due to adverse effects or the high 
cost of medicine [2,9]. In addition to antihypertensive medication 
use, lifestyle modification approaches such as reduced sodium 
intake, increased physical activity, and reduced body weight 
are recommended [1,10]. However, such modifications require 
persistent compliance and motivation [1,11-14].
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Under stressful situations, our body releases stress hormones 
into the bloodstream. This causes a rise in heart rate (HR) and BP 
[15]. BP consistently increases after an extended period of stress. 
Therefore, stress reduction is another effective way to control 
hypertension [16].  Forest bathing (FB) or “Shinrin-yoku” was first 
defined by Japanese and observed to have therapeutic effects after 
spending time in nature or in a forest area [17]. The term “forest 
therapy” was recently developed regarding its clinical efficacy of 
exposure to a forest environment [18]. “Forest bathing” and “Forest 
therapy” are used interchangeably in this study. FB refers to visiting 
the forest environment or taking in the forest atmosphere to slow a 
person’s pace of life [17,18]. The individual is guided to connect with 
the natural environment using their five senses to achieve healing. 
This includes increasing the natural killer cell activity to prevent 
tumor growth, enhancing immune function to facilitate recovery 
from illness, increasing the feeling of relaxation, and relieving 
stress, promoting restorative effects and positive mood as well as 
improving cognitive function on creativity [19-25]. FB promotes 
relaxation by inducing the activity of the parasympathetic nervous 
system, which decrease BP and HR [18,25,26].

Several studies have reported a positive association between 
FB and a reduction in BP and HR in patients with prehypertension 
and hypertension [27-39]. A review of these studies reported that 
visits to a forest environment could increase the activities of the 
parasympathetic nervous system and decrease the production of 
stress hormones. This, in turn, induces physiological and mental 
relaxation [40]. Another review study identified that practicing 
a 2-hour single forest walk, or one-day FB program could obtain 
short term physiological and/or psychological benefits on health 
[41]. Participants exhibited a significantly improve in the positive 
emotions and decreased in the negative emotions of tension, 
anxiety, fatigue, depression, confusion, and anger after practicing 
a single four-hour FB program, as measured by the Profile of Mood 
States (POMS) [31,37,38].

In addition to FB, the practice of slow diaphragmatic deep 
breathing exercise (DDBE) is also reported to be an effective 
relaxation method for improving both physiological and 
psychological health in hypertensive adults, as it stimulates the 
activity of the parasympathetic nervous system [42,43]. The 
therapeutic effects of DDBE have long been reported regarding 
lowering of BP in hypertensive adults [44,45] and reducing stress 
and depression in healthy adults [42]. In DDBE, people take a deep 
breath and slowly release their breath rhythmically through the 
contraction of the diaphragm to minimize respiration frequency 
and maximize the amount of oxygen entering the bloodstream 
[42,46]. DDBE at six breaths/minute can lead to vasodilation of 
arterioles by triggering pulmonary-cardiac mechanoreceptors 
and suppressing the sympathetic nerve activity and activating 
chemoreflex. This increases baroreflex sensitivity, resulting in the 
reduction in SBP and DBP as well as increased HR variability [43-
49]. Practicing regular slow DDBE is reported to stimulate the vagal 
nerve, leading to the regulation of emotion in adults [42]. A review 

literature recently identified that practicing DDBE at six breaths 
per minute for 2 minutes, or practicing 10 minutes of DDBE twice a 
week, or twice a day for four weeks, significantly reduced SBP and 
DBP in hypertensive individuals [50].  Another study reported that 
20 sessions of 15-minute slow DDBE on every second weekday over 
a period of eight weeks could trigger relaxation responses. This 
effect demonstrated an improvement in sustained attention, affect, 
and reduction in stress [42]. 

Forest bathing has not been tested as clinical practice guideline 
on hypertension [51].  Although FB offers psychological and 
physiological health benefits, most studies have focused either on 
the emotional benefits or on physiological effects [30,32,33,35,37]. 
Only a few studies examined the sustained effects on physical 
responses or on both emotion and physical responses of FB [36,37]. 
However, the results are inconsistent in that while one study 
reported that after a one-day forest therapy program, the effect on 
lowering BP can lasted for five days [37], while another found that 
the decrease in BP could be sustained for eight weeks after a three-
day forest therapy program [36]. The current data of the therapeutic 
effects of FB is insufficient to establish clinical guidelines for use 
in disease prevention. To facilitate evidence-based clinical practice 
guidelines for health professionals for the use of such therapy, it 
is essential to examine the potential benefits of FB. Evidence of 
the effects of FB regarding the management of hypertension can 
be strengthened if a comparison can be made with DDBE. The 
DDBE approach has established beneficial effects on reducing BP 
and stress levels in adults [42,43,44]. DDBE is recommended and 
adopted as stress management for these patients in Hong Kong 
[52]. Some outpatient clinics offer DDBE sessions for such patients 
who suffered from mood disturbance [53]. 

Based on the protocol adopted in previous studies, this study 
measured and compared the psychological and physiological 
benefits of FB and DDBE over a period of four weeks and examined 
the sustained effect of both interventions for eight weeks after the 
intervention [31,36,42,45,50]. The findings of this study provided 
preliminary evidence that FB is more effective than DDBE in 
lowering SBP and anxiety levels in the study population. This study 
aimed to (1) examine the effects of a four-week FB intervention (2) 
examine the effects of a four-week DDBE intervention; (3) compare 
the differences of effects between FB and DDBE; and (4) compare 
the sustained effect of FB and DDBE, on SBP, DBP, PR, state and trait 
anxiety level, and mood status of participants.

Materials and Method
Study design

This was a quasi-experimental feasibility study. Eligible 
participants underwent either FB or DDBE intervention after 
matching the baseline characteristics of the participants. 
Considering the preference and feasibility of actual participation in 
the program, eligible participants could choose to join either the FB 
or DDBE group.

http://dx.doi.org/10.32474/OAJCAM.2021.03.000170
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Participants and selection criteria

Participants were community-dwelling adults with pre-
hypertension or hypertension. They were recruited from Shinrin-
Yoku Hong Kong, an association that offers unique guided forest 
therapy to community dwellers, and from the Federation of Alumni 
Associations of a large local university. An invitation poster was 
displayed on the Facebook page of Shinrin-Yoku Hong Kong and on 
the network of the alumni associations in April and May 2020 to 
recruit potential participants who showed interest in the program. 
Potential participants were screened for BP and their health history 
was assessed by completing an online demographic questionnaire 
to determine eligibility. The inclusion criteria were as follows: (1) 
men or women aged between 45 and 64 years; (2) living in Hong 
Kong and able to read Chinese and understand Cantonese (the 
dialect used in Hong Kong), (3) SBP consistently ranging from 120 
to 159 mmHg and/or DBP ranging from 80 to 100 mmHg, (4) not 
taking any antihypertensive medication, and (5) did not receive 
relaxation therapies for the past two months, including forest 
therapy. The participants with extremely high SBP above 159 mmHg 
were considered inappropriate to be included in the intervention 
and were advised to seek medical care. Those who were pregnant 
or experienced chronic pain and muscle weakness, were unable to 
walk independently, were diagnosed with coronary heart disease, 
stroke, carcinoma, or known mental disorders such as delusions 
and depression; and undergoing psychotherapy were excluded. 

Sampling and sample size estimation
Based on the result of a RCT study [36], participants who 

received FB had reduction in SBP (n=56; -12+/-9.2) in compared 
to participants who received DDBE (n=56; -3.5+/-9.2). The sample 
size was calculated based on F test using G*Power 3.1.9.4 statistical 
software [54].  This provided a 5% level of significance (two-
tailed test) of the effects among two interventions on the primary 
outcome of participants (i.e., reduction on SBP), with a power of 
80%, approximately 10% of attrition, 1:1 ratio of intervention and 
control group, the estimated sample size would be 22 participants 
per arm with a total of 44 participants would be required [55].

Intervention and control 
Participants in both intervention and control groups were asked 

to perform normal life activities on the days before participating in 
the interventions. They were instructed not to take alcoholic and 
caffeine drinking, smoking and not to do strenuous physical activity 
30 minutes before and during the intervention sessions.

Forest bathing intervention

FB was used as the study intervention procedure. Participants 
received four 2-hour forest therapy sessions for four consecutive 
weekends in a country park in Tai Po Kau Nature Reserve. Tai Po 
Kau Nature Reserve, a secondary forest, was located on the Tai 
Po area of the New Territories in northern Hong Kong. It was re-
established by Hong Kong government since 1946. The area covered 

440 hectares of long-established forestry plantations with more 
than 100 different species of trees canopy reaching heights of 18-
22m, including Camphor Tre, China Fir, Taiwan Acacia and Paper-
bark Tree and the dominant tree was Chinese Red Pin [56,57]. The 
altitude of the forest area is 300m with plantations extended from 
the eastern slopes of grassy Hill down to Tai Po Road, the mean 
annual temperature and relative humidity of the nature reserve is 
22.9 °C and 78.7%, respectively, wet seasons were marked between 
March and October [57]. On all days that FB interventions occurred, 
the weather included sunny, cloudy, or drizzling conditions with 
average air temperatures ranging from 24.5°C to 32.5°C and relative 
humidity ranging from 64% to 94%. 

Four consecutive forest therapy sessions were conducted in the 
daytime on Saturdays between May and July 2020. Participants were 
divided into four groups (A–D), and each group had five to seven 
participants. Participants in group A received four consecutive 
sessions of therapy at 10:00 on May 9, 16, and 23 and at 14:00 on 
June 14, 2020. Participants in group B received four consecutive 
forest therapy sessions at 14:00 on May 9, 16, and 23 and at 14:00 on 
June 14, 2020. The fourth session of forest therapy for groups A and 
B, which was originally scheduled on May 30, 2020, was postponed 
to June 14, 2020, due to thunder and heavy rainstorm warning 
signals that were raised on May 30, 2020, and June 6, 2020. A third 
local storm warning signal was also raised at 12:00 pm on June 
13, 2020. Participants in groups C and D received four consecutive 
sessions of therapy at 10:00 and 14:00, respectively, on June 20 and 
27 and on July 4 and 11, 2020. The total distance we covered for 
each visit was less than 2 km with altitude of 100-200m; the average 
walking speed was around 1km/h and the slope of walking is less 
than 5%. On the day of the intervention, participants gathered at 
the entrance of the country park. They received a 5-minute briefing 
regarding the intervention. A researcher, who is a qualified nurse, 
was responsible for data collection before the briefing, providing 
briefing, and maintaining the consistency of the interventions at all 
sessions. The qualified forest therapy guide from the Association 
of Nature & Forest Therapy, with wilderness first aid certificate, 
was responsible for facilitating safe and gentle walks and providing 
instructions for sensory activities along the way in all the sessions. 

After the briefing, the participants first took a 15-minute walk to 
an area where there was a nearby stream. FB guide then began the 
FB intervention by a set of experiential thresholds, called Standard 
Sequence [58].  Drew on the theoretical framework of liminality, this 
sequence includes four invitations to facilitate participants’ deeper 
connection to the nature [59]. First, participants were invited to 
slow down and remain in the sitting or standing position. They were 
encouraged to share previous experiences with the forest for 20 
minutes (1st invitation: walk introduction). They were then invited 
to close their eyes and awaken their sense of listening, to breathe 
in, and to sample the air and open their eyes to see the natural 
environment for another 20 minutes (2nd invitation: Pleasure of 
Presence). Participants then wandered to the designed forest path 
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for another 20 minutes to slow down both physically and mentally 
(3rd invitation: What’s in motion). Finally, they were invited to 
spend 20 more minutes strolling around the designed path, and 
they were encouraged to look for or touch the surrounding natural 
materials to build a deep connection with nature (4th invitation: 
Partnership invitation). Participants were given approximately 20 

minutes of rest and sharing time between each activity change. The 
Tea Ceremony, as second threshold, was incorporated at the end 
of the intervention to allow the participants to appreciate what 
the forest was offering in that moment. They were then allowed to 
leave the country park individually (Figure 1). 

Diaphragmatic deep breathing exercise intervention as control

DDBE was adopted as the control intervention. Participants 
were divided into two groups, with six to seven participants in each 
group. Four sessions of DDBE were conducted on four consecutive 
weekends from June 14 to July 5, 2020, to compare its therapeutic 
effect with FB. Each session lasted for 1 hour and was conducted 
during the morning (10am-11am) on weekends. In the first session, 
participants performed guided deep breathing in a quiet room at 
the College where the first researcher work at room temperature 
ranging from 25°C to 28°C. During the 1-hour DDBE intervention, 
participants were invited to first rest for 20 minutes to adapt to 
the environment. A qualified counselor demonstrated the DDBE 
technique for 10 minutes. Participants were then required to return 
the demonstration under the qualified counselor’s monitoring 
until they reported having good control of the breathing rate using 
the technique. Participants were asked to sit comfortably with 
closed eyes, and they were guided to breathe deeply through the 
nose at a rate of six breaths/minute for 15 minutes followed by 5 
minutes of normal breathing under the direction and supervision 
of the qualified counselor. They were instructed to place one hand 

below their rib cage and to inhale as deeply as they could while 
their stomach moved out against their hand. They were taught to 
inhale through both their nostrils slowly up to their maximum for 
four seconds and to exhale slowly through the mouth up to their 
maximum for approximately 6 seconds. Subsequently, they were 
taught to exhale as slowly, as they could by tightening their stomach 
muscles; however, the upper chest was to remain as still as possible. 

Participants were provided with written instructions to 
practice 10 minutes of DDBE every morning and evening at home 
in a quiet room for four weeks after the first DDBE session. In each 
session, they were asked whether they practiced DDBE in a timely 
manner and were encouraged to share their difficulties with the 
practice of DDBE. They were required to document the starting and 
ending time of each breathing practice session on a practice log 
sheet and return the completed practice log sheet to the researcher 
after completing the intervention. 

Methods of assessment 
The primary outcome measures of this study were blood 

pressure (i.e., SBP, DBP). The secondary outcomes were PR, mood 

http://dx.doi.org/10.32474/OAJCAM.2021.03.000170
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state and anxiety level. BP and PR were measured using a validated 
portable digital sphygmomanometer at baseline assessment (by 
self-measurement at home), before and immediately after each 
intervention and eight weeks after intervention. Participants 
were instructed to sit quietly for 5 minutes before measurement 
to stabilize SBP, and then a standard brachial cuff was wrapped 
evenly and firmly around the participant’s upper forearm. SBP 
and DBP (mmHg) and PR (beats/minute) were obtained from two 
measurements in a seated position. The two measurements had 
an interval of at least 30 seconds, and the average value of the two 
readings was recorded [52]. Mood state was measured using the 
Chinese version of the POMS-Short Form (POMS-SF). Mood state 
refers to the assessment of heightened musculoskeletal tension 
(tension-anxiety), mood of depression followed by a sense of 
personal inadequacy (depression-dejection), mood of anger and 
antipathy to others (anger-hostility), a mood of vigorousness and 
high energy (vigor-activity), mood of wariness and low-energy 
level (fatigue-inertia), and confusion and discomfort (confusion-
bewilderment) [60].  Anxiety levels were measured using the 
Chinese version of the State-Trait Anxiety Inventory (C-STAI) 
questionnaire. Anxiety was defined as feelings of tension, worried 
thoughts, and increased BP [61].

Questionnaires and their validity and reliability 

The questionnaires for this study were compiled and included 
the following: (1) a demographic questionnaire, (2) the C-POMS-SF 
questionnaire, and (3) the C-STAI questionnaire.

Demographic questionnaire 

A set of questions were established to collect data on 
participants’ demographic characteristics and lifestyle behavior 
during the preliminary BP screening and health history assessment. 
The questionnaire consisted of ten questions. The first four 
questions were designed to collect data regarding demographic 
variables including age, sex, level of education, and body mass 
index. Four questions inquired about the participants’ lifestyle 
behavior, including the frequency of alcohol consumption and 
smoking history as well as the time spent on physical exercise. The 
last two questions were about medical history and antihypertensive 
medication intake. All demographic characteristics were used 
to determine eligibility. This demographic questionnaire was 
administered in both English and Chinese and reviewed by a panel 
of reviewers.

Chinese version of the Profile of Mood States Short Form 
(POMS-SF) questionnaire 

POMS-SF is an established self-reporting questionnaire which 
consists of 30 adjectives describing feelings and moods that 
participants experienced during the past week [60]. It measures six 
dimensions of mood: tension-anxiety, depression-dejection, fatigue-
inertia, anger hostility, confusion-bewilderment, and vigor-activity 
to assess the participants’ various mood changes. The five-point 
Likert scale ranged from 0 (not at all) to 4 (extremely) for each item. 
The total mood disturbance score was obtained by summing the 

sores on five scales of tension: anxiety, depression-dejection, anger-
hostility, fatigue-inertia, and confusion-bewilderment (a constant 
of +4 is added to the total score of the confusion-bewilderment 
scale to eliminate the negative score) and subtracting the score 
of vigor-activity from the total scores. The higher the score is, the 
higher the level of mood disturbance [60,62]. The English version 
of the POMS-SF has been widely used in elderly populations and 
after surgery, with higher alpha coefficients ranging from 0.73 to 
0.89, in the study of 102 non-disabled community elders [60,63]. 
The Chinese version of the POMS-SF had higher alpha coefficients 
ranging from 0.98 to 0.99 in the six mood states [62,64].

Chinese version of the State-Trait Anxiety Inventory (C-STAI) 
questionnaire

Anxiety levels were measured using the C-STAI questionnaire. 
STAI is an established self-evaluation questionnaire designed to 
assess individual state and trait anxiety. It consists of 40 items in 
which 20 items each measure state and trait anxiety [65]. Both 
state and trait subscales were assessed using a four-point Likert 
scale, from 1 for “not at all” to 4 for “very much so” for the trait 
anxiety factor, and from 1 for “almost never” to 4 for “almost 
always” for the state anxiety factor. The score ranged between 20 
and 80. The higher the score is, the greater the anxiety level [65]. 
A study reported that the STAI questionnaire has good reliability 
and moderate validity regarding depression assessment [66]. The 
STAI has been used widely and extensively in research and clinical 
settings, with high alpha coefficients ranging from 0.86 to 0.95 
[67]. The C-STAI possessed a high Cronbach’s alpha of validity and 
reliability ranging from 0.90 to 0.81 [68], and it is widely used to 
examine psychological stress recovery after FB, psychological 
distress with cancer pain, and myocardial infarction distress 
[31,69,70]. 

Method of data collection

The outcomes were measured from May to July 2020 at four 
points during the study: baseline assessment (T0), immediately 
before (average of T1), and after each of FB and DDBE session 
(average of T2), and eight weeks after the completion of both 
interventions (T3). The baseline assessment was conducted to 
determine potential participants’ eligibility, including their BP, 
age, medical history, and number of prescribed antihypertensive 
drugs. The eligible participants were given an explanation and an 
information sheet regarding the study and its aim, using an online 
form. After obtaining consent, the participants’ BP and pulse were 
measured as baseline data by self-measuring at home following the 
steps on the information sheet for BP measurement. Participants 
were instructed to measure BP and pulse according to the steps 
on the information sheet and reported the related readings to 
researcher accordingly.  Information on anxiety levels was collected 
using the STAI and mood states through the POMS-SF, presented 
both in English and in Chinese, respectively, using an online form 
as baseline data for further comparisons. Throughout the study 
period, all data were collected by a qualified nurse. Outcome 
measures including BP, PR, level of anxiety, and mood states were 
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collected immediately before and after each session of FB and 
DDBE. No measure could be obtained while participants completed 
a four-week self-practice of DDBE at home. However, participants 
were contacted to measure their BP in the morning and complete 
the online version of the STAI and POMS-SF that was offered both in 

English and in Chinese on the weekend of the twelfth week for the 
post-eight-week intervention follow-up assessment. The timeline 
of the interventions and outcome measures over the 12-week study 
period is shown in Figure 2. 

Figure 2: Flowchart of the timeline of interventions and outcome measures over the 12-week study periods.

Data analysis
Statistical analyses were performed using the Statistical 

Package for the Social Sciences for Windows, Version 26 (SPSS Inc., 
Chicago). Multiple imputation approaches were used to impute 
the missing values of the dataset. Data were initially analyzed 
using the Shapiro-Wilk test for normality. When the data were 
normally distributed, a paired t-test was used to test for significant 
differences of the outcomes within the two groups and unpaired 
t-test was used to compare the mean difference between the two 
groups. When data were ordinal, the Pearson chi-square test was 
used to compare the significant difference of outcomes between 
the two groups. Data are expressed as mean ± standard deviation 
(mean ± SD). For all comparisons, effect size was reported using 
Cohen’s and P<0.05 was considered statistically significant. 

Ethical considerations
Ethical approval was obtained from the Human Subjects Ethics 

Sub-committee (HSEARS2020123006) and the Clinical Research 
Ethics Sub-committee of the University where the study was 
conducted (CRESC202002). Participants in both interventions 

were provided with information sheets and were fully informed 
about the aims and procedures of the study as well as the benefits 
and risks of study participation. Written consent was obtained from 
all participants. Participants were informed that participation in 
the study was voluntary, and they could withdraw from the study 
at any time without negative consequences. Data collected were 
anonymous and kept confidential.

Results
This intervention and outcome measures lasted for 12 weeks, 

from May 2020 to August 2020. Potential participants responded 
to the online demographic questionnaire for eligibility screening. 
A total of 23 participants participated in the FB intervention, with 
11 starting in the four consecutive sessions of forest therapy in 
May 2020 and the other 12 starting in June 2020. Due to personal 
issues, two participants in the forest therapy group withdrew 
from the study two days before the therapy began. Additionally, 12 
participants chose to join the DDBE group to receive DDBE training. 
Therefore, this study comprised 33 participants. Figure 3 shows the 
flowchart of the participant selection process in the study. 
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Figure 3: Flowchart of the participant selection process in the study period

The compliance rate was good. Participants in the DDBE group 
completed 100% of the four consecutive sessions, with 90% 
practicing DDBE twice a day at home. In contrast, participants in 
the forest therapy group completed 87% of the four consecutive 
sessions. The missing values of individual participant were 
identified using multiple imputation approach. After five times of 
imputation, the missing values were replaced by random sample. 
No adverse events were reported by participants in either group 
during the intervention period.

Demographic and lifestyle characteristics of participants 
in FB and DDBE intervention groups at baseline

Table 1 shows the demographic data of participants in each 
group in terms of age, sex, education, BMI, disease history and the 
lifestyle characteristics of participants including level of physical 
activity, smoking, and drinking habits.  The mean ages of the FB 
and DDBE groups were 54.6±5.6 and 55.2±6.8 years, respectively, 

without significant difference between the two groups. The 
proportion of females was higher in the FB group, and the mean 
BMI of the DDBE group was 2.1 kg/m2 higher than that of the FB 
group. Almost half of the participants in both groups had university 
degrees or higher levels of education, and no significant difference 
in education levels was observed between the two groups. Although 
54.6% and 30.2% of participants in the FB and DDBE groups, 
respectively, were reported to be pre-hypertensive, there was no 
significant mean difference. Approximately 45.5% and 27.3% of 
participants in the FB and DDBE groups, respectively, reported not 
practicing relaxation techniques for stress relief. In addition, 27.3% 
and 15.2% of participants in the FB and DDBE groups, respectively, 
reported not performing regular physical exercise, while 21.3% 
and 9.1%, respectively, performed physical exercise ≥150 minutes 
per week. Further, 60.6% of participants in both groups reported no 
smoking or drinking habits. No significant difference was observed 
in smoking and drinking habits. 

Table 1: Comparison of participants’ baseline demographic and lifestyle characteristics.

Variables  FB group (n=21) DDBE group 
(n=12) p-value

No. of subjects 21 (63.6) 12 (36.4) --

Age (years) 54.6+/-5.6 55.2+/-6.8 0.793

Sex
 

--
0.063#

  Male 4 (12.1) 6 (18.2) --

  Female 17 (51.5) 6 (18.2)  

BMI (kg/m2) 22.6+/-3.6 24.1+/-3.7 0.252
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Educational level  
--

--

0.566#

  Secondary 6 (18.2) 2 (6.1) --

  Tertiary 8 (24.2) 4 (12.1)  

  Master’s degree 7 (21.2) 6 (18.2)  

Medical history   0.543#

  Prehypertension 18 (54.6) 10 (30.2) --

  Hypertension 3 (9.1) 2 (6.1) --

  Diabetes Mellitus 0 (0.0) 1 (3.0) --

  Others 1 (3.0) 1 (3.0) --

Level of physical activity 0.658#

  No regular exercise 9 (27.3) 5 (15.2) --

  30–60 min per week 4 (12.1) 3 (9.1) --

  61–120 min per week 1 (3.0) 1 (3.0) --

  121–180 min per week 5 (15.2) 1 (3.0) --

  >181 min per week 2 (6.1) 2 (6.1) --

Smoking habits 0.443#

  Smoking 1 (3.0) 0 --

  No smoking 20 (60.6) 12 (36.4) --

Drinking habits 0.186#

  Drinking 1 (3.0) 3 (9.0) --

  Non-drinking 20 (60.6) 9 (27.3) --

Remark: FB: Forest bathing; DDBE: diaphragmatic deep breathing exercise; BMI: body mass index; Data are expressed as mean+/-SD or numbers (per-
centages of total). statistically significant at p<0.05; unpaired t-test for parametric data and #Pearson chi-square test for nonparametric data 

Table 2: Comparison of participants’ baseline SBP, DBP, pulse rate, anxiety level, and mood states.

Variables FB group (n=21) DDBE group (n=12) p-value

Baseline SBP (mmHg) 125.4+/-8.6 127.2+/-14.4 0.645

Baseline DBP (mmHg) 79.4+/-6.7 79.7+/-11.6 0.942

Baseline PR (beats/min) 77.4+/-11.9 74.0+/-12.2 0.45

Baseline STAI-S (score) 41.5+/-10.6 41.8+/-9.2 0.934

Baseline STAI-T (score) 41.2+/-8.3 40.2+/-9.0 0.754

Baseline POMS (score) 29.3+/-16.2 27.7+/-21.0 0.805

Tension-anxiety 7.4+/- 3.9 7.3+/-4.4 0.95

Depression-dejection 6.0+/- 4.3 5.0+/-3.9 0.531

Fatigue-inertia 8.1+/-3.6 7.6+/-5.1 0.758

Anger-hostility 5.9+/-2.6 5.1+/-3.9 0.523

Confusion-bewilderment 11.2+/-2.6 12.0+/-3.8 0.505

Vigor-activity 9.3+/-3.1 9.5+/-2.7 0.914

Remark: FB: Forest bathing; DDBE: diaphragmatic deep breathing exercise; SBP: systolic blood pressure; DBP: diastolic blood pressure; PR: pulse rate, 
STAI-S: State-trait anxiety inventory-state; STAI-T: State-trait anxiety inventory-Trait; POMS: Profile of mood states; Data are expressed as mean+/-SD; 

statistically significant at p<0.05; unpaired t-test.
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Table 2 shows a comparison of SBP, DBP, PR, anxiety level, and 
mood states of participants between the two groups at baseline. The 
comparison showed that the mean values of SBP, DBP, PR, anxiety 
level, and mood states of participants were similar between the 
groups. There were no significant differences in the physiological 
and psychological indicators of participants between the two 
groups at baseline (p>0.05).

Effects of FB and DDBE interventions and their 
differences

The physiological and psychological effects of FB and DDBE 
on participants were examined and compared after each session; 
the results were shown in Table 3 and 4, respectively. Data were 
analyzed using paired t-test and unpaired t-test. 

Table 3:  Within group Comparison of the physiological effects of FB and DDBE after each session

Variables  FB group (n=21)  DDBE group (n=12)

 Pre Post t P Pre Post t P 

SBP (mmHg)         

1st session 126.4+/-21.1 126.0+/-22.1 0.4 0.81 123.9+/-14.6 119.8+/-9.4 4.1 0.11

2nd session 122.3+/-23.0 120.0+/-16.3 2.3 0.32 122.1+/-16.5 125.1+/-17.0 -3 0.27

3rd session 118.4+/-19.8 116.2+/-19.5 2.1 0.08 124.1+/-15.2 124.2+/-16.6 0.1 0.94

4th session 121.6+/-14.0 118.9+/-15.1 2.7 0.15 118.1+/-10.6 119.9+/-13.4 -1.7 0.53

DBP (mmHg)         

1st session 84.5+/- 15.1 87.0+/-14.6 -2.6 0.69 82.6+/-8.4 79.6+/-6.2 3 0.06

2nd session 81.3+/- 14.3 83.4+/-14.2 -2.1 0.04* 80.0+/-9.8 81.5+/-7.8 -1.5 0.35

3rd session 81.6+/- 12.3 81.8+/-12.5 -0.16 0.87 80.7+/-9.2 80.5+/-8.6 0.2 0.88

4th session 81.9+/- 9.3 81.8+/-10.7 0.14 0.89 78.5+/-7.9 78. +/-6.9 0.5 0.65

PR
        

(bpm))

1st session 76.9+/-11.6 82.1+/-14.2 -5.1 0.01* 75.0+/-16.4 69.9+/-15.7 5.1 0.04

2nd session 77.1+/-14.1 80.0+/-13.2 -2.8 0.06 70.8+/-14.1 65.6+/-11.8 5.1 0.01* 

3rd session 79.7+/-14.4 79.1+/-13.4 0.6 0.69 68.7+/-11.2 67.3+/-9.30 1.4 0.21

4th session 76.8+/- 9.9 80.5+/-12.0 -3.7 0.00** 70.4+/-12.8 67.2+/-14.9 3.2 0.03*

Remark: Remark: FB: Forest bathing; DDBE: Diaphragmatic deep breathing exercise; SBP: systolic blood pressure; DBP: diastolic blood pressure; PR: 
pulse rate, SD: standard deviation; Data are expressed as mean+/- standard deviation; statistically significant at *p<0.05; **P<0.01; Paired t-test.

Table 4: Within Group Comparison of the psychological effects of FB and DDBE after each session

  FB group (n=21)  DDBE group (n=12)

Variables Pre Post t p Pre Post t p

STAT_S   

1st session 37.1+/-9.7 29.2+/-6.9 7.8 0.00** 40.0+/-10.3 33.6+/-8.2 6.3 0.00**

2nd session 37.5+/-10.5 28.1+/-5.3 9.3 0.00** 35.5+/-10.9 30.6+/-8.5 4.8 0.01*

3rd session 32.9+/-8.0 28.3+/-8.3 4.5 0.03* 35.7+/-10.6 31.2+/-9.3 4.5 0.19

4th session 31.0+/-5.4 25.5+/-4.6 5.5 0.00** 36.3+/-10.6 31.9+/-9.6 4.4 0.28

STAT_T   

1st session 41.7+/-7.2 36.8+/-8.0 4.9 0.00** 39.4+/-10.5 35.7+/-7.9 3.7 0.04*

2nd session 40.4+/-7.9 35.7+/-7.3 4.6 0.00** 36.0+/-10.5 32.8+/-9.6 3.2 0.92

3rd session 36.0+/-7.1 33.3+/-7.4 2.7 0.05 36.3+/-10.7 32.9+/-9.5 3.4 0.32

4th session 36.0+/-8.6 35.3+/-8.6 0.67 0.75 36.2+/-9.9 33.1+/-9.7 3 0.93

POMS   

(Total score)   
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1st session 26.4+/-14.9 13.3+/-12.6 13.1 0.00** 20.2+/-18.2 16.4+/-16.3 3.8 0.11

2nd session 14.3+/-11.9 10.1+/-12.6 4.1 0.01* 17.6+/-18.4 13.1+/-17.6 4.5 0.02*

3rd session 13.4+/-13.2 9.57+/-12.8 3.8 0.02* 17.2+/-19.5 13.4+/-17.6 3.7 0.08

4th session 16.8+/-11.0 11.5+/-9.10 5.3 0.06 16.3+/-17.1 11.1+/-14.1 5.1 0.02*

Tension-Anxiety   

1st session 6.38+/-3.74 3.62+/-3.09 3.53 0.00** 4.58+/-3.11 3.83+/-2.75 1.13 0.18

2nd session 3.81+/-3.15 2.81+/-2.90 2.51 0.01* 4.58+/-4.01 3.33+/-3.20 2.26 0.77

3rd session 3.71+/-3.50 3.05+/-3.13 1.19 0.26 4.75+/-3.84 3.42+/-3.28 1.97 0.28

4th session 4.43+/-3.20 3.10+/-2.07 1.93 0.35 3.83+/-3.56 2.92+/-1.97 1.72 0.21

Depression-dejection   

1st session 5.43+/-3.77 3.05+/-2.45 3.12 0.00** 3.67+/-2.70 3.25+/-2.47 0.97 0.5

2nd session 2.64+/-2.47 2.19+/-2.18 1.04 1 3.33+/-3.25 2.50+/-2.90 1.62 0.12

3rd session 2.95+/-2.69 2.57+/-2.73 0.42 0.58 3.25+/-3.51 2.92+/-3.08 0.96 0.37

4th session 3.52+/-3.00 3.38+/-2.97 0.43 0.38 3.33+/-2.90 2.42+/-2.87 1.8 0.07

Fatigue-inertia   

1st session 7.71+/-3.52 4.62+/-3.18 3.27 0.01* 6.75+/-4.51 6.08+/-3.94 1.03 0.35

2nd session 4.90+/-2.94 3.95+/-3.48 1.36 0.45 6.08+/-3.89 5.33+/-4.35 1.63 0.12

3rd session 4.76+/-2.89 3.76+/-2.62 1.87 0.63 6.08+/-4.25 5.42+/-4.18 1.9 0.18

4th session 4.62+/-2.70 3.57+/-1.98 1.7 0.89 5.75+/-4.33 5.00+/-3.61 1.03 0.5

Anger-hostility       

1st session 5.71+/-2.63 3.24+/-2.23 2.95 0.21 4.08+/-3.42 3.25+/-2.63  1.34 0.19

2nd session 3.38+/-2.41 2.81+/-1.96 1.68 0.14 3.58+/-3.20 3.00+/-3.16 1.72 0.21

3rd session 2.90+/-1.94 2.62+/-2.30 1.52 0.18 3.83+/-3.15 3.08+/-3.37 2.06 0.06

4th session 3.62+/-2.15 3.33+/-1.79 0.94 0.6 3.00+/-3.21 2.83+/-2.58 0.18 0.85

Anger-hostility       

1st session 5.71+/-2.63 3.24+/-2.23 2.95 0.21 4.08+/-3.42 3.25+/-2.63  1.34 0.19

2nd session 3.38+/-2.41 2.81 +/-1.96 1.68 0.14 3.58+/-3.20 3.00+/-3.16 1.72 0.21

3rd session 2.90+/-1.94 2.62 +/-2.30 1.52 0.18 3.83+/-3.15 3.08+/-3.37 2.06 0.06

4th session 3.62+/-2.15 3.33 +/-1.79 0.94 0.6 3.00+/-3.21 2.83+/-2.58 0.18 0.85

Confusion-bewilderment   

1st session 10.9+/-2.44 9.24+/-2.91 2.2 0.02* 11.1+/-2.62 10.33+/-2.53 1.36 0.12

2nd session 9.57+/-2.06 9.48+/-2.01 0.14 0.91 10.0+/-3.04 9.67+/-2.18 0.51 1

3rd session 9.48+/-1.83 9.48+/-1.53 0.36 0.77 9.83+/-2.88 9.42+/-2.96 0.79 0.72

4th session 9.52+/-1.75 8.90+/-2.30 0.86 0.48 9.83+/-2.55 9.33+/-1.9 1.73 0.08

Vigor-activity   

1st session 9.76+/-3.22 10.4+/-4.36 -1.32 0.2 10.0+/-4.10 10.33+/-4.09 -0.86 1

2nd session 10.2+/-3.39 11.1+/-3.94 -1.67 0.35 9.92+/-4.05 10.67+/-4.18 -0.58 1

3rd session 10.4+/-4.06 11.5+/-4.20 -2.2 0.24 10.5+/-4.25 10.83+/-4.50 0 1

4th session 8.81+/-2.54 10.4+/-3.4 -2.7 0.00** 9.33+/-3.31 10.67+/-4.53 -1.82 0.28

Remark: FB: Forest bathing; DDBE: Diaphragmatic deep breathing exercise; STAI-S: State-trait anxiety inventory-state; STAI-T: State-trait anxiety inven-
tory-Trait; POMS: Profile of mood states; Data are expressed as mean+/-standard deviation; statistically significant at *p<0.05; **P<0.01; Paired t-test. 

Effects of FB and DDBE interventions on systolic and diastolic 
blood pressure and their differences

Table 5 showed that, after four weeks of FB intervention 
(from T1 to T2), there was a decrease of 7.4 mmHg in SBP (t= 

2.44; p=0.024), but no significant effect of the DDBE on SBP 
(t=0.83, p=0.423). There was no significant effect of FB and 
DDBE interventions on DBP (t=0.96, p=0.347 & t=1.79, p=0.100, 
respectively). There is no significant difference between the effects 
of FB and DDBE interventions on SBP (t=-0.18, p=0.853) and DBP 
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(t=1.10, p=0.280). The results showed no significant effects of the 
four weeks of FB on PR (t= -1.77; p=0.091). However, a comparison 
of the effects between the FB and DDBE group interventions on PR 
showed that there was a significant difference (t=2.80, p=0.009), 
with a decreased of PR by 7.7 beats/minute (t=1.98, p=0.072) after 
the DDBE intervention. 

The sustained effects of FB and DDBE on BP and PR were 
examined and compared between T2 and T3 using an unpaired 

t-test (Table 5). The results showed that, at eight weeks after the 
intervention, there were no significant sustained effects of FB and 
DDBE on SBP and DBP (p>0.05). However, there was a decrease 
of 6.9 beats/minute in PR at eight weeks after the FB intervention 
(t=2.56; p=0.01). Contrarily, there was no significant sustained effect 
of DDBE intervention on PR (t=-0.12, p=0.25). A comparison of the 
sustained effects between the FB and DDBE group interventions on 
SBP, DBP and PR showed no significant difference (p>0.05). 

Table 5: Comparison of the physiological effects of FB and DDBE after 4 weeks of intervention (from T1 toT2) & at 8 weeks post 
intervention (from T2 to T3)

 Average difference between the FB and DDBE groups Mean difference between groups

Variables FB group (n=21) DDBE group (n=12) (FB vs. DDBE)

 
Mean+/- SD t-value #

Within-group 
Mean+/- SD t-value #

With-
in-group t-value ❖ p-value ❖ Effect size

 p-value # p-value #

SBP 
(mmHg)          

T1 126.4+/-21.1 2.44 0.024* 123.9+/-14.6 0.83 0.423 -0.18 0.853 0.22

T2 118.9+/-15.1 -0.47 0.64 119.9+/-13.4 -0.67 0.515 -0.56 0.575 0.11

T3 120.4+/-13.4   123.1+/-12.3      

DBP 
(mmHg)          

T1 84.5+/-15.1 0.96 0.347 82.6+/-8.4 1.79 0.1 1.1 0.28 0.18

T2 81.8+/-10.7 1.92 0.069 78.0+/-6.9 -0.52 0.613 -0.65 0.518 0.56

T3 77.3+/-8.84   79.6+/-11.1      

PR (bpm)          

T1 76.9+/-11.6 -1.77 0.091 75.0+/-16.4 1.98 0.072 2.8 0.009** 0.97

T2 80.5+/-12.0 2.56 0.019* 67.2+/-14.9 -0.12 0.25 0.71 0.481 0.91

T3 73.5+/- 9.92   71.1+/-8.6      

Remark: FB: Forest bathing; DDBE: Diaphragmatic deep breathing exercise; SBP: systolic blood pressure; DBP: diastolic blood pressure; PR: pulse rate; 
T1: before the first intervention; T2: after the 4th intervention; T3: at 8 weeks after the intervention. Data are expressed as mean+/-standard deviation. 

Statistically significant at *p<0.05; **P<0.01; # Paired t test. ❖Unpaired t test.  

The psychological Effects of FB and DDBE interventions on the 
anxiety level in terms of STAI-S and STAI-T, mood states in term 
of POMS and their differences

Table 6 showed that, after four weeks of the FB intervention, 
there was a decrease of 11.5 in the STAI-S score (t=5.12; p=0.000) 
and 6.4 in the STAI-T score (t=3.21, p=0.004). In addition, the 
DDBE intervention had a significant effect on state and trait 
anxiety level in terms of the STAI-S and STAI-T scores, which 
decreased by 8.0 (t=2.49, p=0.030) and 6.2 (t=2.55, p=0.027), 
respectively. A comparison of the effects between the FB and 
DDBE group interventions on the STAI-S score almost showed 
a significant difference (t=-2.147, p=0.05) but the comparison 

showed no significant differences on the STAI-T score (t=0.66, 
p=0.51). The results also showed that, after four weeks of FB 
and DDBE interventions, there was a significant decrease in total 
POMS scores by 14.8 (t=4.93; p=0.000) and 9.0 (t=2.62, p=0.024), 
respectively. Comparison of the effects between FB and DDBE group 
interventions on POMS total showed no significant differences (t=-
0.089, p=0.930). Of the effects of negative moods, as the analysis 
showed, after four weeks of the FB intervention, tension-anxiety 
and confusion scores decreased by 3.28 (t=4.51; p=0.000) and 2.0 
(t=2.78; p=0.011), respectively. There were also significant effects 
of the four weeks of DDBE intervention on the score of tension-
anxiety and confusion, which decreased by 1.66 (t=3.0, p=0.012) 
and 1.83 (t=2.56, p=0.026) respectively. 
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Table 6: Comparison of the psychological effects of FB and DDBE after 4 weeks of intervention (from T1 toT2) & at 8 weeks post 
intervention (from T2 to T3)

 Average difference between the FB and DDBE groups Mean difference between groups

Variables FB group (n=21) DDBE group (n=12) (FB vs. DDBE)

 
Mean+/- SD t-value 

#

With-
in-group Mean+/- SD t-value #

Within-group
t-value ❖ p-value ❖ Effect 

size
 p-value # p-value #

STAI-S          

T1 37.1+/-9.7 5.12 0.000*** 40.0+/-10.3 2.49 0.030* -2.14 0.05 0.31

T2 25.5+/-4.6 -3.34 0.003** 31.9 +/- 9.6 -2.03 0.067 -0.39 0.693 0.61

T3 33.0+/-10.3   34.5+/-10.4      

STAI-T          

T1 41.7+/-7.2 3.21 0.004** 39.4+/-10.5 2.55 0.027* 0.66 0.51 0.01

T2 35.3+/-8.6 0.67 0.508 33.1+/- 9.7 -0.55 0.591 -0.76 0.94 0.29

T3 33.8+/-11.1   34.1+/-11.2      

POMS total          

T1 26.4+/-14.9 4.93 0.000*** 20.2+/-18.2 2.62 0.024* 0.08 0.93 0.46

T2 11.5+/-9.1 -0.67 0.507 11.1+/-14.1 -0.04 0.963 0.52 0.606 0.12

T3 13.9+/-15.5   11.2+/-11.6      

Tension-anxiety          

T1 6.38+/-3.74 4.51 0.000*** 4.58+/-3.10 3 0.012* 0.24 0.81 0.59

T2 3.10+/-2.07 -0.82 0.421 2.92+/-1.97 0 1 0.72 0.475 0.24

T3 3.76+/-3.71   2.9+/-2.06      

Depression-de-
jection          

T1          

T2 5.43+/-3.77 2.94 0.008** 3.67+/-2.70 1.79 0.101 0.9 0.372 0.26

T3 3.38+/-2.97 -3.14 0.757 2.42+/-2.87 0 1 1.06 0.295 0.08

 3.62+/-3.47   2.42+/-2.35      

Fatigue-inertia          

T1 7.71+/-3.52 4.98 0.000*** 6.75+/-4.51 2 0.07 -1.26 0.226 0.68

T2 3.57+/-1.98 -1.12 0.273 5.00+/-3.61 0.68 0.506 -0.77 0.939 0.44

T3 4.33+/-3.00   4.42+/-2.93      

Anger-hostility          

T1 5.71+/-2.63 4.33 0.000*** 4.08+/-3.42 1.85 0.091 0.59 0.561 0.46

T2 3.33+/-1.79 0 1 2.83+/-2.58 2.03 0.067 1.45 0.156 0.4

T3 3.33+/-3.13   1.83+/-2.25      

Confusion-bewil-
derment          

T1          

T2 10.9+/-2.44 2.78 0.011* 11.1+/-2.62 2.56 0.026* -0.54 0.692 0.05
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T3 8.90+/-2.30 -0.32 0.819 9.33+/-1.96 -0.27 0.791 -0.6 0.549 0.06

 9.05+/-1.93   9.50+/-2.27      

          

Vigor-activity          

T1 9.76+/-3.22 -0.76 0.456 10.0+/-4.10 -0.68 0.51 -0.17 0.862 0

T2 10.4+/-3.42 0.28 0.776 10.6+/-4.53 0.96 0.353 0.23 0.825 0.14

T3 10.1+/-4.12   9.83+/-3.21      

Remark: FB: Forest bathing; DDBE: Diaphragmatic deep breathing exercise; STAI-S: State-trait anxiety inventory-state; STAI-T: State-trait anxiety 
inventory-Trait; POMS: Profile of mood states; T1: before the first intervention; T2: after 4th intervention; T3: at 8 weeks after the intervention. Data are 

expressed as mean+/-standard deviation. statistically significant at *p<0.05; **P<0.01; ***p<0.001. # Paired t test. ❖Unpaired t test.  

The results also showed that after four weeks of the FB 
intervention, there was a decrease in the scores of depressions, 
fatigue, and anger by 2.0 (t=2.94; p=0.008), 4.1 (t=4.98; p=0.000) 
and 2.3 (t=4.33; p=0.000), respectively. However, there were no 
significant effects of four weeks of the DDBE intervention on the 
scores of depressions, fatigue, and anger (p>0.05). A comparison of 
the effects between the FB and DDBE group interventions did not 
show significant differences on tension anxiety, depression, fatigue, 
anger, and confusion (p>0.05). Of the effects of positive mood, 
there were no significant effects of the four-week FB and DDBE 
interventions on the vigor activity score (t=-0.76, p=0.456 & t=-
0.68; p=0.510, respectively). A comparison of the effects between 
the FB and DDBE group interventions showed no significant 
differences in vigor activity (t=-0.17, p=0.862). At eight weeks after 
FB intervention (from T2 to T3), there was a significant increase 
in the STAI-S score by 7.4 (t=-3.34; p=0.003). However, there was 
no significant effect of DDBE intervention on the STAI-S score (t=-
2.03, p=0.067). There were no significant sustained effects of FB 
and DDBE interventions on the STAI-T score, total POMS score, 
all negative and positive feelings of mood from T2 to T3 (p>0.05). 
A comparison of the effects between the FB and DDBE group 
interventions on the score of STAI-S, STAI-T, total POMS, tension-
anxiety, depression, fatigue, anger, confusion, and vigor activity 
showed no significant difference (p>0.05).  

Discussion
This study is the first to examine and compare the effectiveness 

of FB and DDBE in middle-aged adults with pre-hypertension 
and hypertension in Hong Kong. The results of this study provide 
preliminary evidence for an association between FB and DDBE 
regarding changes in BP, PR, anxiety, and mood states in pre-
hypertensive and hypertensive middle-aged adults. 

Effects of forest bathing and diaphragmatic deep 
breathing exercise on blood pressure 

Previous studies have demonstrated a significant reduction in 
SBP and DBP after a two-hour single forest walk [31] and a six-hour 
single FB program [37] in middle-aged adults with pre-hypertension 
and hypertension. In this study, the mean SBP significantly 
decreased by 7.4 mmHg after completing four consecutive sessions 

of FB in four consecutive weeks (t=2.44; p=0.024), but there was 
no statistically significant decrease in DBP after the intervention. 
The results of BP in this study were not consistent with those of 
previous studies. Because blood pressure has a diurnal variation 
rhythm, it will be higher in the morning and lower in the afternoon. 
Therefore, it is desirable to compare the blood pressure at the same 
time on different days.28 Considering that the BP of FB groups 
were not measured at the same time on the different intervention 
days, the comparison of blood pressure before and after walking 
within FB groups may be affected due to diurnal variation rhythm. 
The blood pressure could only be compared after four weeks of 
interventions, i.e., FB versus DDBE in the morning. In the present 
study, although there was a reduction in BP after completing four 
consecutive FB sessions, practicing four consecutive sessions of FB 
in four consecutive weeks were not found to be more effective in 
lowering blood pressure than that of DDBE. It may be influenced by 
diurnal variation rhythm. Besides, high salt and calorie consumed 
may increase individual blood pressure [56]. We did not monitor 
and compare the changes in calorie and salt intake of participants 
during the intervention periods, the lowering effect of FB and DDBE 
on blood pressure may be underestimated in this study. Due to 
heavy rainstorm warning, the fourth session of FB was delayed by 
two weeks. The SBP of these participants after the fourth session 
was higher than that those after the third session. A positive 
association between lowering SBP and four sessions of two-hour 
FB for four consecutive weeks was observed in middle-aged pre-
hypertensive and hypertensive adults. 

In addition, two previous studies revealed that 10-minute 
voluntary DDBE at 6 breaths/minute daily or twice a day for four 
weeks could reduce SBP and DBP in pre-hypertensive participants 
[49,71]. The results of this study were not consistent with those of 
previous similar studies on BP changes after DDBE. A significant 
reduction in SBP and DBP was not observed in the DDBE group 
during the intervention period. In this study, four sessions of 15 
minutes of DDBE for four consecutive weeks with 10 minutes of 
self-practice of DDBE twice a day for four weeks was not associated 
with lowering SBP or DBP. Short-term DDBE was not found to be 
effective in contributing to cardiovascular health. Compared with 
DDBE, FB demonstrated a potential therapeutic effect on lowering 
SBP in middle-aged pre-hypertensive and hypertensive adults. 
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This study suggests that visits to forest areas on four consecutive 
weekends show more beneficial cardiovascular effects than 
practicing DDBE in a quiet room. 

Effects of forest bathing and diaphragmatic deep 
breathing exercise on pulse rate 

PR was used as a physiological indicator of response to the 
environment. Visiting forest environments had a relaxing effect and 
lowered the PR by 5%–6% and contributed to the cardiovascular 
health of hypertensive adults [28,30]. In this study, PR in the FB 
group was increased without any significant difference (t=-3.57, 
p=0.09) after the completion of four consecutive FB sessions. 
It is not surprising that the PR increased immediately after the 
FB intervention because FB is an outdoor activity required low 
intensity level of physical exercise.  The rising of PR of FB group may 
be caused by the distances of walking and hot weather. In contrast, 
PR in the DDBE group decreased gradually during the intervention 
period. DDBE significantly reduced PR by 7.7 beats/minute after 
the intervention periods. This result is consistent with previous 
studies showing that regular practice of DDBE at six breaths/
minute could reduce PR in both pre-hypertensive and hypertensive 
adults after a four-week intervention [48,71,72]. Comparing the 
mean PR values between FB and DDBE, the mean value of PR in 
the DDBE group was progressive and significantly decreased over 
the four sessions. Since DDBE is an indoor intervention in which 
participants were not required either standing or walking, while FB 
is an outdoor activity required short distance of slow walking, the 
lowering effect of PR of FB and DDBE group might be affected due to 
the different physical level required between the two interventions. 
Nevertheless, this study suggests that DDBE has potential beneficial 
effects on cardiovascular health by lowering heart rate. 

Effects of FB and DDBE on the anxiety level and mood 
states 

In addition to the physiological beneficial effects, FB and 
DDBE were associated with beneficial psychological effects on 
enhancing positive mood and reducing anxiety. Visits to a forest 
environment have been reported to have a stress-relieving effect 
on pre-hypertensive and hypertensive individuals [29,31]. DDBE 
was also found to have a significant correlation with reduced 
anxiety levels after a two-week regular DDBE intervention among 
hypertensive adults [72]. Consistent with previous studies, the 
results of this study indicated that FB and DDBP could reduce state 
and trait anxiety levels among participants. Evidence from this 
study showed that FB was more effective in reducing state anxiety 
than DDBE. Compared with DDBE, FB had a more positive relaxing 
effect on decreasing anxiety levels among pre-hypertensive and 
hypertensive middle-aged adults. A significant reduction in state 
and trait anxiety levels was first observed in participants after the 
four-week DDBE intervention. The results provide clinical evidence 
to healthcare providers of the use of such a relaxation approach as 
part of the initial treatment of pre-hypertension and hypertension. 

The results of this study showed that mood states measured 
using the POMS subscales were significantly improved after the 
four-week FB intervention. Several previous field studies reported 
that positive moods were significantly increased, and the negative 
moods were significantly decreased by forest visits [27,29,31,38]. 
These results were not completely consistent with those of previous 
field studies. In this study, a significant decrease in the scores of 
total mood states and negative feelings, including tension-anxiety, 
fatigue, anger, depression, and confusion, was observed after the 
completion of four sessions of 2-hour FB. However, there was no 
significant change in positive feelings of vigor after the intervention. 
The results of this study also found a significant reduction in the 
feelings of tension-anxiety and confusion after completing the 
four-week DDBE intervention. The lowering effects on the negative 
feelings of tension-anxiety and confusion of participants were first 
observed after completing the four DDBE sessions. In addition, 
there was no significant change in the positive feelings of vigor after 
the four-week DDBE intervention. The possible reason for the lack 
of effect of FB and DDBE on the positive mood of participants may 
be related to the increase in the social stress of participants during 
the ongoing coronavirus (COVID-19) pandemic in the society [73]. 
In conclusion, this study found that FB and DDBE had psychological 
benefits for both pre-hypertensive and hypertensive middle-aged 
adults. As the relaxing effect of DDBE on reducing negative moods 
was first observed after the four-week DDBE intervention, further 
studies are suggested to explore more potential beneficial effects 
of these two relaxation approaches on mental health in Hong Kong.

Sustained effects and potential beneficial effects of FB 
and DDBE

FB has been reported to have potential psychological and 
physiological health benefits. Only two studies have examined the 
sustained effects on the physical response or on both the emotional 
and physical responses to FB [36,37]. Although a previous study 
did not observe a sustained effect of FB on lowering BP, there 
was a reduction in the anxiety and quality of life measure at eight 
weeks after a three-day forest therapy program [36]. In the present 
study, the results of the sustained effect on both physiological 
and psychological indicators at the eight-week follow-up was not 
completely consistent with those of the previous study. The results 
of this study found that the differences of SBP and DBP were not 
statistically at the eight-week follow-up. There was a significant 
sustained effect on lowering PR only. However, a significant 
sustained reduction in the anxiety level and negative mood state of 
participants in the FB group was not observed in this study. These 
results were not consistent with the potential mental health benefit 
of FB reported in a previous study. A previous study reported that 
20-minute slow abdominal breathing could maintain a lowering 
effect on BP at three months after a five-week intervention [74]. In 
this study, the sustained lowering effect of DDBE was not observed 
on BP and PR, and the result was not consistent with that of the 
previous study.
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Given that few studies investigated the sustained effect of FB, 
researchers should further explore the potential sustained effect of 
FB and DDBE on cardiac and mental health in future studies to set 
up the most appropriate frequency and duration of FB and DDBE 
interventions as clinical guidelines for healthcare professionals in 
the prevention of pre-hypertension or hypertension. To explore the 
potential beneficial effects of FB, a set of questions was established 
to collect participants’ subjective data on practicing relaxation 
techniques at eight weeks after the interventions. The results 
indicated that almost all participants practiced FB after completing 
the program. The reasons included feeling relaxed while connecting 
to the natural environment, good-quality sleep, restoring attention 
to therapy, and positive mood. 

Limitations of the study

The participants of this study were recruited from the webpage 
of two social associations in Hong Kong. The sample population of 
this study was limited to the generalizability of the results to the 
whole population due to the possibility of underpowering the study 
or type I or type II errors of the study. Because of the convenience 
of sampling, the current study was limited to eligible members 
from the two social associations. They are not representative of the 
entire pre-hypertensive and hypertensive populations. Moreover, 
since researchers were not blinded to group allocation, this may 
have led to bias. Further studies should be conducted in a larger 
and representative sample, blinded to group assessment, to lower 
the risk of bias. Finally, with a view to combating the COVID-19 
epidemic, participant recruitment was affected by the regulation of 
prohibition on group gatherings for outside activities. Since March 
2020, due to the COVID pandemic, all social gathering activities 
were prohibited, particularly the indoor activities in Hong Kong. 
Information session could not be held for the target population. 
As a result, only small numbers of participants can be recruited, 
and the imbalanced number of participants in each group. The 
results may be considered to have insufficient power to extrapolate 
the statistical analysis results to the overall pre-hypertensive and 
hypertensive middle-aged population. 

Summary of discussion

The major findings of this study were that FB was associated 
with a reduction in SBP, anxiety level, and negative mood states 
in the FB group after completion of four sessions of FB on four 
consecutive weekends. FB had no effect on lowering DBP and PR as 
well as increasing the positive mood of the participants. However, 
DDBE was associated only with a reduction in PR, anxiety level, and 
negative mood of tension-anxiety, fatigue, and confusion among 
the participants after four sessions of DDBE for four consecutive 
weekends with 10 minutes of self-practice of DDBE twice a day at 
home. At the eight-week post-intervention follow-up, the sustained 
effect of FB was observed on lowering PR only. Contrarily, the score 
of state anxiety level of the FB group was found to be increased at 
the follow-up assessment. There was no sustained effect of DDBE 
on both physiological and psychological outcomes. 

Implications for practice 

Prolonged stress has been reported to be positively associated 
with hypertension and cardiovascular disease. In recent decades, 
FB has been proposed in Japan and the US as a preventive strategy 
for lowering BP and relieving stress and negative moods among 
pre-hypertensive or hypertensive adults [75]. In contrast, DDBE 
has been reviewed as an alternative relaxation approach to 
lowering BP by the American Heart Association [76]. The short-
term psychological beneficial effects of DDBE were observed 
in pre-hypertensive and hypertensive adults who were taking 
antihypertensive medication [72]. 

FB and DDBE provide a practical option and an alternative 
approach for individuals with pre-hypertension and adults with 
hypertension on BP control. As FB and DDBE have been proven 
to have little to no side effects, healthcare providers may promote 
these approaches as part of the initial treatment for the prevention 
of hypertension. The findings in this study have demonstrated that 
FB and DDBE may reduce psychological stress in pre-hypertensive 
and hypertensive middle-aged adults, which further alters the 
BP and PR of these individuals. This study provides preliminary 
evidence to establish clinical guidelines for FB and DDBE as health 
promotion strategies. Healthcare professionals should consider the 
practice of FB and DDBE as preventive measures to reduce stress 
and lower BP in patients with pre-hypertension and hypertension.

Recommendations for future research
Considering the short-term cardiovascular health beneficial 

effects of FB as observed in this study, it is suggested that the 
researchers conduct additional clinical studies to explore the long-
term health benefits of FB in pre-hypertensive and hypertensive 
adults. FB may be compared with other relaxation approaches 
to provide stronger evidence of their clinical effects. The most 
effective duration and frequency of FB should be explored and 
examined in further studies to provide an appropriate protocol for 
health professionals to establish evidence-based guidelines for the 
treatment of hypertension. Measurements should be included in 
the post-intervention follow-up assessment to continually explore 
the sustained physiological and psychological effects of FB if used 
as a recreational activity. The beneficial effect of FB on improving 
social interaction and family relationships can be explored in future 
studies to identify these advantages. At last, the change of calories 
consumption, sodium intake of participants should be monitored 
and compared between interventions to immunize the possible 
covariate effects in the further studies.

Conclusions
Two hours of FB with four sessions on four consecutive 

weekends has been observed to have physiological and psychological 
relaxing effects on middle-aged adults with elevated BP. FB is a 
simple, affordable, and enjoyable complementary intervention 
to reduce anxiety, improve mood, and lower BP. This study is the 
first to examine and compare the effectiveness of FB and DDBE in 
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adults with pre-hypertension or hypertension in Hong Kong. These 
results may provide indications to healthcare professionals and 
populations at risk for integrating FB into the management of high 
blood pressure and/or DDBE in the management of mental health.

It is also concluded that this feasibility study has confirmed the 
appropriateness of the intervention plan, the acceptable process in 
subject recruitment, and the efficacy of the outcome measurements, 
which established the study protocol and foundation for future 
randomized control trials on the topic.
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