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Introduction: The health benefits of bamboo forest recreation on the human
body are becoming increasingly recognized. However, limited research has
focused on integrating environmental factor monitoring with smart platforms
for population health management and assessment.

Method: This study monitors environmental parameters, including anion
concentration, temperature, relative humidity, wind speed, acoustic
environment, and volatile organic compounds in a bamboo forest, while
recruiting elderly participants with essential hypertension, type Il diabetes, and
sleep disorders. A non-invasive wearable device was employed to track the
health of the participants, followed by a 21-day precision health management
intervention within the bamboo forest.

Results: The concentration of negative oxygen ions in this region exceeds
10,000 ions per cm?, alongside terpenes and other health-promoting volatile
substances. A total of 70 participants participated in the platform. Compared
to baseline measurements, hypertensive participants experienced significant
reductions in systolic and diastolic blood pressure, as well as pulse rate (p <
0.001). Diabetic participants showed significant decreases in fasting and pre-
bedtime blood glucose levels (p<0.001), along with reduced blood glucose
fluctuations post-meal. Participants with sleep disorders demonstrated
statistically significant improvements in key sleep parameters, including the
minimum blood oxygen level at sleep onset, the Oxygen Desaturation Index,
wake frequency, percentage of rapid eye movement (REM) sleep, and
subjective sleep quality (p < 0.05). The overall sleep quality score also showed
significant improvement.

Conclusions: This study substantiates the therapeutic potential of bamboo
forests in alleviating chronic diseases among the elderly, offering valuable
insights for planning "“bamboo bath” experiences.

KEYWORDS

bamboo forest therapy, health management, environmental parameters, volatile
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The accelerating global aging process has positioned chronic
diseases in the elderly as a major public health challenge (1).
Chronic conditions such as cardiovascular disease, chronic lung
disease, cancer, obesity, diabetes, and kidney or liver disease are
widespread. Among these, hypertension and diabetes place
significant burdens on the elderly, while sleep disorders also
complicate the management of conditions such as obesity,
diabetes, and cardiovascular diseases (2-4). In response, non-
pharmacological interventions, such as forest recreation, are
emerging as potential solutions. Volatile organic compounds
(VOCs) released by bamboo forests, such as terpenes, have
strong  antibacterial  properties. = Monoterpenes  increase
fluctuations in the brain and reduce b-waves, inducing a
Studies have shown that the

microclimate (a cooling of 3°C-5°C and 80% humidity) can

relatively sedated state (5, 6).

reduce the cardiovascular stress response (7). Bamboo flavonoids
in bamboo leaves are used for the treatment of atherosclerosis,
diabetes mellitus, and neurological diseases (8).

In recent years, the health benefits of forest recreation have
garnered increasing interest from both forestry and medical
researchers (9, 10). However, most of the forest medicine studies
focus on youth populations (11), and only a few incorporate
wearable devices (12), limiting the ability to quantify the dose-
effect relationships of environmental exposure. This research,
therefore, leverages a scientifically grounded health management
platform to assess the effects of bamboo forest recreation.
Environmental parameters—anion concentration, temperature,
relative humidity, wind speed, acoustic environment, and VOC
content—were monitored across four distinct locations at the
Chishui Tianshuibao Forest Recreation Base, namely, along the
lake trail (LT), the bamboo forest area (BF), the activity square
(AS), and the residential area (RQ). Simultaneously, elderly
individuals with chronic conditions participated in a 21-day
bamboo forest recreation program. The study comprehensively
evaluated the impact of this experience on blood pressure, blood
glucose, and sleep disorders in the elderly population.

2.1 Experimental design

This study was conducted at the Swan Castle Forest Recreation
Base in Chishui City, where environmental parameters, including
anion concentration, temperature, relative humidity, wind speed,
acoustic environment, and VOC content, were monitored in real-
time across four different locations in the bamboo forest. Three
groups of elderly individuals, i.e., those with hypertension, type
II diabetes mellitus, and sleep disorders, were recruited for the
study. A health information platform was used to connect non-
invasive wearable devices to continuously monitor the
participants. The study followed a before-and-after self-control

design, requiring participants to engage in at least 30 min of

Frontiers in

10.3389/fenvh.2025.1432082

daily activity within the bamboo forest to ensure consistency. To
maintain scientific rigor, dietary intake and nutrient ratios were
standardized, with meal plans developed by a clinical nutritionist.
In addition, weekly 1-h health lectures were held every Saturday
morning for three consecutive weeks at the base by professors in
the health management and general medicine fields, and general
practitioners interpreted health check-up reports, analyzed data
changes, and provided health promotion advice ( )-

2.2 Experimental sites

The Swan Castle Forest Recreation Base ( ), located in
the northwestern part of Guizhou Province in Zunyi City at an
elevation of 1,200-1,450m, was selected as the study site
( ). The base spans 20 km?® of virgin forests, with 96% of
the surrounding area covered by trees. There are 21 species of
bamboo, with Nanzhu (a variety of moso bamboo) comprising
approximately 70% of the total bamboo area. The site benefits
from a favorable climate and ecological environment, with an
annual average temperature of 18.1°C and an average of 21°C
from June to October. This combination of factors creates a
fresh, natural, and pleasant atmosphere. The recreation base
features forest trails, lakeside trails, and areas designated for
activities such as Tai Chi, Baduanjin, and yoga.

2.3 Participants

Participants for this study were recruited between August and
September 2023, both on-site and via the Internet. Recruitment was
organized into three groups, namely, the hypertension, diabetes,
and sleep disorder groups. The hypertension group comprised 25
participants, with a mean age of 70.60 +5.08 years, all meeting
the diagnostic criteria for essential hypertension (as defined by
the 2017 American Heart Association guidelines, with systolic
blood pressure (SBP)> 140 mmHg and diastolic blood pressure
(DBP) >90 mmHg) (13). The diabetes group included 22
participants (none were insulin-dependent, as per the American
Diabetes Society 2017 guidelines) (14), with a mean age of
69.71 £7.42 years. The sleep disorder group consisted of 23
volunteers, with a mean age of 67.00+4.44 years, all self-
reporting sleep disturbances such as insomnia, difficulty falling
asleep, poor sleep quality, early waking, excessive sleepiness, or
sleep-related breathing disorders ( ). Volunteers were
required to meet the following inclusion criteria: (1) no
psychiatric disorders and the ability to independently perform
daily activities, (2) commitment to a 21-day bamboo forest
recreation program, and (3) no participation in forest recreation
or similar trips within the past 6 months. Exclusion criteria
included severe heart, liver, spleen, lung, and kidney diseases;
immunological disorders; infectious diseases; and dependence on
drugs, alcohol, cocaine, or other substances. The recruitment
process adhered to the Declaration of Helsinki 1964 and its
subsequent amendments, or comparable ethical standards, and
was approved by the Ethics Committee of Guizhou Medical
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FIGURE 2
Map of the experimental site. The red area marks the Chishui City area, and the black dot marks the location of the experimental site.
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(A)

FIGURE 3

Images of the monitoring sites. (A) The trail along the lake, (B) the bamboo forest area, (C) the residential area, and (D) the activity square.

TABLE 1 Basic information of the subjects in the three groups included in this study.

Parameter

Female Female Female
Sample size (count) 17 8 14 8 7 16
Age (years) 69.76 + 5.33 72.38 +4.03 70.62 +7.49 68.11 £7.14 70.14 + 4.66 65.63 £3.48
Weight (kg) 62.47 +6.01 50.63 +6.01 60.42 +5.91 59.06 +9.19 62.86 %536 54.48 +9.51
Height (cm) 165 +0.05 155 +0.05 162 +0.07 159 +0.06 160 +0.07 155 +0.07
BMI (kg m™2) 23.02 + 1.66 2149 +2.34 22934222 23.27 £2.40 2447 +2.31 22,68 £3.13

BP, blood pressure group; BS, blood glucose group; SD, sleep disorder group.
Body mass index (BMI) = weight (kg)/[height (m)?]. All data are presented as mean + SE.

University. Prior to the study, the purpose and procedures of the
experiment were thoroughly explained to all volunteers, who
provided written informed consent.

2.4 Measurements

2.4.1 Monitoring of environmental parameters
After collecting environmental parameters from four activity
sites with significant landscape differences, the daily route for the
bamboo forest recreation program was developed based on the
feedback from forestry and medical experts. Four key locations
were selected for monitoring (Figure 4), namely, the LT, the BF,
the AS, and the RQ. An AIC-1000 negative ion detector was
used to measure the negative ion concentration in the air, while
a Kestrel-3500 digital thermometer-hygrometer recorded air
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temperature, relative humidity, and wind speed. In addition, an
SM-350 decibel tester monitored noise levels. All environmental
parameters were measured at 2-hour intervals between 9:00 a.m.
and 5:00 p.m. each day. For each monitoring point, three
consecutive sets of readings were taken after the instrument
values stabilized. Temperature, relative humidity, and wind speed
were then used in Equation (1) to calculate the human comfort
level. The human comfort index (HCI) evaluates the reaction of
the human body to the external environment, and is calculated
using the following formula:

HCI = 0.6 X |T — 24| 4 0.07 X [Hgu — 70| + 0.5 x [V —2| (1)

where HCI represents the composite comfort index, T denotes the
temperature (°C), H represents the relative humidity (%), and V
denotes the wind speed (m/s).

04 frontiersin.org
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RQ, residential area.

Environmental parameters at the study site were monitored. (A) The change of negative oxygen ion concentration. (B) The change of sound level.
(C) The change in the human comfort index. Data are presented as mean + SE. LT, trail along the lake; BF, bamboo forest area; AS, activity square;

2.4.2 Collection and detection of volatile

substances from bamboo forests
A standard sample plot of the bamboo forest, measuring

20 m x 20 m, was established more than 20 m from the main
road on a slope of no more than 23°. Data collection was
conducted every 2h on 13 September (a sunny day with no
wind) from 10:00 to 16:00, with a collection time of 1.5 h. VOCs
released by bamboo forests were collected using a JK-CYQO01

Frontiers in
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portable flow-adjustable atmospheric sampler (Jukai Kechuang,
China) with open-ended collection. Simultaneously, fresh leaves
from three healthy, disease-free bamboos were collected from the
sample plot at 5-m intervals and labeled. The bamboo leaves were
cut into pieces, and approximately 2.7 g of the mixed sample was
weighed and placed in the sampling vial of the solid-phase
microextractor (SPME). The air was removed directly into the
extraction needle for extraction. The vial was then inserted into a
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manual injector equipped with a 2 cm-50/30 um DVB/CAR/PDMS
StableFlex fiber tip. Extraction was performed under headspace
conditions at 80°C for 60 min, with air extraction at room
temperature. After extraction, the fiber tip was removed and
immediately inserted into the gas chromatograph, where the sample
was thermally resolved in the spectrometer inlet at 250°C. The
VOC components of the bamboo forest were analyzed using an
HP6890/5975C GC/MS coupled instrument (Agilent Technologies,
Inc., CA, USA) with headspace solid-phase microextraction-gas
chromatography-mass spectrometry (HS-SPME-GC-MS). Peaks in
the total ion chromatogram were identified using a mass
spectrometry data system and cross-referenced with the NIST20
and Wiley275 standard databases. The relative mass fractions of the
chemical components were calculated using the peak area
normalization method. A flexible quartz capillary column, HP-5MS
(60 m x 0.25 mm X 0.25 um), was initial
temperature of 45°C (held for 2 min). The temperature was then
raised to 185°C at 3.5°C/min and further to 310°C at 10°C/min,
with a total running time of 54.5 min. The vaporization chamber
temperature was set to 250°C, and high-purity helium (99.999%)
was used as the carrier gas at a flow rate of 1.0 ml/min, with a pre-

employed with an

column pressure of 16.28 psi. The ion source was an electron
ionization (EI) source with a temperature of 230°C, a quadrupole
temperature of 150°C, an electron energy of 70 eV, an emission
current of 34.6 LA, a multiplier voltage of 1671 V, and an interface
temperature of 280°C. The mass range was set from 29 to 500 amu.

2.4.3 Measurement of health indicators

2.4.3.1 Functions of the health information platform

The health informatization platform integrated various monitoring
systems, including a Huawei hypertension monitoring watch
[HUAWEIWATCHD (MLY-B10)] for SBP and DBP measurement,
a Sannuo continuous glucose monitoring system (China) for blood
glucose tracking, and a Sannuo sleep monitoring service system
(China) for assessing sleep conditions (including sleep quality, sleep
onset latency, duration, efficiency, sleep disorders, use of hypnotic
drugs, and daytime dysfunction). In addition, blood oxygen levels,
sleep structure, and heart rate (HR) statistics were recorded
( ). Data on blood pressure and blood glucose were captured
every 5 min and automatically uploaded to the platform, while the
sleep device tracked changes in oxygen saturation, HR, and related
parameters using infrared light.

2.4.3.2 Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) encompasses seven
components, namely, subjective sleep quality, sleep onset latency,
sleep duration, sleep efficiency, sleep disorders, use of hypnotic
drugs, and daytime dysfunction. Each component is scored on a
scale from 0 to 3, with the total PSQI score ranging from 0 to

TABLE 2 Monitor the basic situation of instruments and equipment.

’ Instrument name Brand manufacturer

Blood pressure monitoring watch Huawei Technology Co., Ltd.

Real-time dynamic blood glucose Sanuo Biosensor Co., Ltd.
monitoring system

Sleep monitoring system Sanuo Biosensor Co., Ltd.
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21. Higher scores indicate poorer sleep quality, and a PSQI score
of >8 suggests a sleep disorder. The Cronbach’s alpha for the
scale was 0.82, and the McDonald’s omega index was 0.73.

2.5 Data analysis

Data were analyzed using Jamovi 2.3.28 and Excel 2019.
Quantitative data are presented as mean + SD, while qualitative data
are expressed as frequency and percentage. The Shapiro-Wilk test
(S-W test) and Levene’s test were conducted to assess normality and
variance, respectively. For normally distributed samples with equal
variances, paired t-tests were employed for group comparisons. Non-
parametric tests (Mann-Whitney U test or Wilcoxon signed ranks
test) were applied for non-normally distributed or unequal variance
data. A p-value of <0.05 was considered statistically significant.
Graphs were generated using GraphPad Prism 8.3.0.

3.1 Analysis of daily trends in environmental
factors

The daily fluctuations in negative oxygen ion concentration at the
four monitoring points—the bamboo forest trail, the lakeside trail, the
activity plaza, and the residential area—remained relatively stable,
following a consistent pattern of “high in the morning, low at noon,
and high in the afternoon.” The only deviation occurred at 13:00,
when both the square and residential hut exhibited a notable dip in
concentrations. The sound decibel measurement across all
monitoring points during each time period remained within the
comfortable range, and the HCI was consistently below 4.55,

classifying the environment as level “I” ( ).

3.2 Daily dynamics of volatile organic
compounds in bamboo forests

Details regarding the collection methods, fractions, and relative
concentrations of VOCs in the moso bamboo forest at various time
periods are provided in and .
A total of 101 compounds were detected using two analytical
methods, with 55 volatile compounds identified in fresh leaves,
including 35 alkanes, 19 terpenoids, 2 aromatic hydrocarbons, 16
aldehydes, 5 ketones, 1 acid, 13 alcohols, 8 esters, and 2 others.
The volatile compounds peaked daily at 14:00, with terpenes,
alcohols, and esters exhibiting minimal variation over time
(10:00-16:00). Ketones and acids were present only in small
quantities at 14:00 and were absent at other times.

3.3 Bamboo forest wellness for elderly
individuals with hypertension

Following 3 weeks of intervention, diastolic blood pressure,

systolic blood pressure, and pulse exhibited considerable
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FIGURE 5
Components of volatile organic compounds using different methods and at different time periods. Data are presented as mean + SE.

fluctuations during the first week, became more stable in the
second week, and remained consistently below 140/90 mmHg in
the third week. Systolic blood pressure showed significant
variation across all three weeks, while diastolic blood pressure
and pulse were markedly lower after the third week compared to
the first week ( , <0.001).

3.4 Effect of bamboo forest recreation on
changes in blood glucose values

During the intervention period, fasting blood glucose, 2-h
postprandial blood glucose, and bedtime blood glucose fluctuated
in the first week, then steadily declined and stabilized in the
second and third weeks. When compared to the first week,
fasting blood glucose (p<0.05) and bedtime blood glucose
(p<0.001) were significantly reduced in the second week, with
all blood glucose levels—fasting, postprandial, and bedtime—

being significantly lower in the third week ( , p<0.001).

3.5 Changes in sleep quality indicators after
bamboo forest recreation activities

Post-intervention, sleep quality, sleep onset latency, sleep
duration, sleep efficiency, hypnotic medication use, and daytime
dysfunction, as assessed by the PSQI, all showed significant

improvement ( , P < 0.05). The oxygen desaturation index

Frontiers in 07

(ODI) ), while

composite scores, the number of awakenings, minimum blood

significantly ~decreased ( objective
oxygen levels during sleep onset, and REM sleep increased
significantly (p < 0.001). No significant differences were observed
between pre- and post-intervention for mean blood oxygen levels
and total sleep duration ( ).

The results of the study indicate that after 3 weeks of
centralized health management intervention in the bamboo forest
environment, the elderly population experienced significant
improvements in sleep quality, blood pressure, and blood glucose
levels, with statistically significant differences compared to the
period (p <0.05).
primarily reflect the effectiveness and efficiency of the centralized

pre-trial These positive health changes
health management model based on the bamboo forest ecosystem.

The impact of forest recreation on population health has
become a prominent area of research in recent years. Forest
retreats are a vital component of non-pharmacological therapies.
Some forward-looking scholars suggest that novel techniques,
such as virtual environment therapy, can improve the physical
and mental health of older adults and caregivers (15, 16).
McEwan et al. experimentally confirmed that both real and
VOC-rich environments positively impact adults with mobility
impairments and/or low energy levels (17). At the same time,
scholars have studied the effects of a four-season camphor forest
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the experiment. ***p < 0.001, analyzed by Mann—Whitney U test.

Effect of bamboo forest bathing on blood pressure in dicators insubjects (n=25). (A) the first week of intervention; (B) the second week of
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diastolic blood pressure (DBP) and pulse pressure (PP) of subject was measured via a Huawei Blood pressure monitoring watch before and after
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environment and confirmed the therapeutic benefits of balsam fir
forests for hypertension in the elderly (18). Similarly, Lyu (19)
demonstrated the physiological and psychological advantages of a
3-day bamboo forest therapy program for college students. Our
research team explored the waterfall forest environment and
found that it

preferences, and

positively influenced emotional perception,

stress recovery, while also improving
psychological, physiological, and metabolite levels in individuals
suffering from chronic fatigue syndrome (20, 21).

Environmental changes and the release of plant essences play a
critical role in forest recreation, with health benefits mediated
through the five human senses—sight, smell, hearing, touch, and
taste (22). Negative air ions, often referred to as “air vitamins
and growth factors,” have been shown to have remarkable health
benefits for the human body (23). From a medical standpoint,
long-term exposure to an environment with a negative air ion
concentration between 1,000 and 5,000 ions/cm> strengthens the
immune system and enhances its resistance. In environments
where the concentration reaches 5,000-10,000 ions/cm’, the

benefits of negative ions are further amplified.

Frontiers in Environmental Health

Negative ions have been shown to kill airborne bacteria, thereby
reducing disease transmission. When the human body is exposed to
airborne negative ions at concentrations exceeding 10,000 ions/cm3,
it stimulates the body’s natural healing mechanisms against diseases.
Studies have demonstrated that exposure to high concentrations of
negative ions can enhance mood and improve cardiac autonomic
function (24, 25). In this study, environmental parameters were
measured at four recreation sites within the recreation base,
revealing high concentrations of negative ions at most locations,
except for the plaza and the residential hut, where the midday
concentration fell below 1,000 ions/cm®. The HCI, derived from
ambient temperature, relative humidity, and wind speed, serves as
a useful tool for guiding the spatial planning of scenic spots and
the scheduling of tourist activities. The HCI of all four monitoring
points was classified as “I” level across all time periods. Acoustic
environment monitoring data indicated that noise levels at each
time point were below 70 dB, suggesting that the Chishui Swan
Castle Forest Recreation Base is conducive to recreational activities,
acoustic conditions, and

in terms of anion concentration,

human comfort.
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FIGURE 7

Blood glucose values of participants before and after bamboo forest healthcare activities in (A) the first week of the intervention, (B) the second week
of the intervention, and (C) the third week of the intervention. (D) Differential analysis of the 3-week intervention effects. *p < 0.05, ***p < 0.001, as

VOCs are secondary metabolites that plants synthesize,
typically with a relative molecular mass of 100-200 (26). In this
study, two methods—air collection and fresh branch and leaf
extraction—were used to gather VOCs from the moso bamboo
forest, detecting a total of 100 compounds. Alkanes and esters
predominated in the air at various times, while 55 volatile
compounds were identified in fresh leaves, with terpenoids
being the most abundant. These findings are consistent with
those of previous studies (22, ). Previous studies have
highlighted the antioxidant and immunomodulatory properties
of compounds such as d-limonene (28) and o-pinene (29),
while neophytadiene (30), (BCP) (31), and
lobotene (BO) (32) have demonstrated significant effects on
alleviating anxiety and cardiovascular diseases. In addition, this
study detected other potentially beneficial substances, including

stigmasterol

o-cubebene (-)-, a-farnesene, 2-octene (E)-, and small amounts
of aromatic hydrocarbons and esters such as ethyl acetate
( )-

This study employed a health informatics platform to evaluate
the physiological benefits of a health management intervention for
hypertensive patients in a bamboo forest environment. The
platform facilitates continuous and accurate health management

Frontiers in

by integrating various wearable devices, ensuring unified data

management and real-time monitoring. The data mining

platform comprises four key components, namely, health
monitoring, data analysis, risk assessment, and health
management. The system is designed to manage roles and
permissions, conduct risk assessments, provide alerts

and automatic reminders, enable multidimensional evaluation,
and offer health guidance and follow-up management. Wearable
smart devices allow for continuous health monitoring, with the
collected data uploaded and stored on a cloud platform,
facilitating the development of personalized health management
After of the participants
exhibited a stabilizing trend in systolic blood pressure, diastolic

programs. 3 weeks intervention,
blood pressure, and pulse rate, with significant reductions over
Our which

demonstrated the efficacy of combining bamboo forest recreation

time. findings align with previous studies,

with health informatics in managing hypertension in the elderly
(18, 33,
forest through forest bathing across four seasons, showing that
blood pressure (both DBP and SBP), HR, endothelin-1 (ET-1),
). In
addition, forest bathing was found to reduce serum cortisol,

). Huang conducted an experiment in a balsam fir

and SpO2 levels improved in elderly participants (
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FIGURE 8
Pittsburgh Sleep Quality Index (PSQI) changes in sleep quality, sleep duration, sleep duration, sleep efficiency, sleep disorders, hypno drugs, and
daytime dysfunction before and after the intervention. **p < 0.01. ***p < 0.001, as calculated by the Mann—Whitney U test.

TABLE 3 Data from sleep monitoring equipment comparing the changes
in sleep indicators before and after the healthcare intervention.

Before the @ After the (9] p-
Sample size(count) 23 23
Blood oxygen interval
Average blood oxygen 9422 +1.95 94.04+25 0.25 0.794
Minimum blood oxygen 76.22 £5.85 85.52£5.29 —5.66 | <0.001
Oxygen desaturation 23.33+7.02 14.45+7.88 4.03 | <0.001
index
Sleep structure
Total sleep duration 362.04 +25.83 362.25+27.90 | 253.50 | 0.818
Number of awakenings 3.43+1.67 2.09 +1.31 141.00 | 0.006
REM sleep proportion 0.13 £0.05 0.17 £0.07 172.00 | 0.043
Objective sleep score 68.78 +£9.31 78.52 £8.03 108.00 | <0.001

p<0.05 indicates significance, as calculated by Mann-Whitney U test, and the data are
expressed as mean + SE.

urinary epinephrine, and sympathetic nerve activity, which regulate
systolic and diastolic blood pressure in elderly hypertensive
patients (35). Previous studies have also confirmed similar results
(19). Furthermore, research has shown that high concentrations
of negative oxygen ions, inhaled through the respiratory system,
enter the bloodstream and reach tissues and organs via
membrane exchange, thereby exerting physiological regulatory
effects by stimulating nerve reflexes and the humoral system (36).

Type 2 diabetes mellitus is an endocrine metabolic disorder
characterized by hyperglycemia, which results from various
etiological factors (37). The present study assessed changes in five
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key indicators of blood glucose levels—fasting blood glucose, 2-h
postprandial blood glucose, and bedtime blood glucose—over a
3-week period. After 1week of wellness, a decreasing trend in
blood glucose was observed at 14:00 and 20:00, though the changes
were not statistically significant compared to baseline levels. The
glucose levels continued to decrease gradually, with a significant
reduction after 3 weeks of wellness, showing a marked difference
(within the normal range) compared to 1week of wellness.
Similarly, after 1 week of recuperation, blood glucose at 14:00 and
20:00 exhibited a decreasing trend, but the difference was not
significant when compared to the pre-recovery levels. After 3
weeks of recuperation, the levels significantly decreased, with a
notable difference compared to the first week of recuperation
(within the normal range). These findings are consistent with
previous research (38). Plant volatiles notably reduce urinary
epinephrine and norepinephrine levels, inhibit sympathetic
nerve activity, enhance parasympathetic nerve activity, and
lower serum levels of IL-6, IL-18, and TNF-o (22). In
addition, walking in bamboo forests has been shown to
increase metabolism, glucose consumption, and energy
expenditure. This results in improved muscle tissue insulin
sensitivity, decreased serum stress hormone levels, and
alleviation of the stress response. Therefore, the bamboo forest
with

approach, promotes health and wellbeing. Furthermore, the

environment, in combination a  wellness-focused

integration of an information technology platform can
contribute to blood glucose regulation to a certain extent.
Sleep disorders among older adults are prevalent yet often

underdiagnosed, encompassing conditions such as insomnia,
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difficulty falling asleep, poor sleep quality, early awakening,
excessive sleepiness, and sleep-related breathing disturbances
(39). In this study, the improvement in sleep was assessed using
both subjective measurements through the PSQI sleep quality
scale and objective monitoring via portable equipment.
Statistically significant improvements were observed in total
PSQI scores, sleep quality, sleep onset latency, sleep duration,
sleep efficiency, use of hypnotic medications, and daytime
dysfunction following the recuperation period. According to the
blood oxygen levels and sleep structure data collected from
portable equipment, maintaining a blood oxygen concentration
above 90 is crucial for sustaining good sleep quality, with the
minimum blood oxygen level during sleep onset being
statistically significant. The ODI, used to evaluate the effects of
the

demonstrated a significant reduction after the intervention,

bamboo forest recuperation on sleep improvement,
indicating a positive outcome. The number of awakenings in
healthy individuals typically ranges from 0 to 5, and while the
number of awakenings before and after the intervention in this
study remained within the normal range, a statistically
significant difference was observed. In addition, the REM sleep
duration and objective composite scores were significantly
higher post-intervention compared to pre-recovery levels. These
findings suggest that the intervention was effective in improving
the participants’ sleep quality. Previous studies have indicated
that forest walking improves nocturnal sleep in individuals with
sleep disturbances (40). This improvement may be attributed to
a combination of physical exercise, mood enhancement,
targeted health education (41), and dietary and exercise
management (41, 42).

All participants were under daily management by the Bamboo
Forest Retreat research team. This study aimed to explore the
adjunctive therapeutic effects of a 21-day (3-week) bamboo forest
retreat combined with a health informatics platform and various
health management interventions on chronic diseases in the
elderly. As a pilot study, it may not fully align with existing
research evidence in some aspects. Future studies will refine the
experimental design based on these findings and aim for

broader application.
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