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Abstract: Background: It is well known that meditation improves the physical and psychological
condition of its practitioners. This study investigated the heart rate variability response of meditation
practitioners in two Chan master teaching environments, namely face-to-face and video classes.
Methods: Experimental sessions were conducted, one featuring face-to-face classes and the other
featuring video classes. The difference in participants’ physiological parameters (blood pressure and
heart rate variability) between the two experimental sessions was determined. In the first session,
physiological parameters were recorded twice, before and after one teaching course, and the second
session took place one month after the first. The first and second sessions had 45 and 27 participants,
respectively. Those involved in the first experiment had no experience with meditation, whereas
participants in the second experiment had practiced meditation for an average of 9 years (range = 1 to
27 years). Both experiments were conducted once a week, with each session lasting 1.5 h. Results: For
both experiments, both heart rate and heart rate variability by age significantly decreased after one
teaching course. Conclusions: Chan meditation practitioners benefit from receiving both face-to-face
and video class teaching from a Chan master.
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1. Introduction

Meditation benefits both the physiology and psychology of its practitioners. It enables them
to feel joy, to be relaxed, and to be in control of their emotions, especially anger [1]. Meditation
also improves its practitioners’ concentration and physical immunity, enabling them to feel more
energetic [2]. The physiological parameters related to these feelings can mostly be attributed to
the activity of the autonomic nervous system; which is divided into the sympathetic nerves and
parasympathetic nerves. The sympathetic nerves accelerate the heart rate (HR) and enhance a person’s
perception of their physical strength, whereas the parasympathetic nerves slow the HR and make
a person feel relaxed and ready for sleep. Frequency domain parameters are common physiological
parameters related to the autonomic nervous system, and they are distinguished as low frequency
(LF) and high frequency (HF) types. LF parameters are associated with the mixed activity of the
sympathetic and parasympathetic nerves, whereas HF parameters are associated with the activity of
the parasympathetic nerves [3]. Studies have discovered that different meditation techniques evoke
different autonomic nervous responses. These studies are listed in Table 1.
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Table 1. Previous meditation studies involving autonomic nervous responses.

Ref. Meditation Name Finding

[4] Hindu tantric meditation Increased HR

[5] Deity (Vajrayana tantric) Decreased HF

[5] Vipassana Increased HF and decreased LF/HF

[5] Shamatha (Kasina visualization) Decreased LF/HF

[6] Zen concentrative meditation Increased HF and decreased LF/HF

[7] Concentration meditation: focuses on
the breath to achieve the Samadhi state

R–R time series signal tends to shift toward a specific
frequency to form a resonant peak

[8] Inward-attention meditation Decreases in LF/HF ratio and LF norm; increase in HF norm

[6] Zen concentrative meditation Increased HF and decreased LF/HF

[9] Intensive vipassana meditation Increased HF

[5] Deity (Vajrayana tantric) Decreased HF

[5] Vipassana Increased HF and decreased LF/HF

[5] Shamatha (Kasina visualization) Decreased LF/HF

[10] Yoga Increased HF; decreased LF; decreased LF/HF decrease

Heart Chan meditation is a meditation method that stems from the Chan school of Buddhism.
It has been taught, mainly in Taiwan, by the Chan master Wu Chueh Miao-Tien, who is the eighty-fifth
Patriarch Chan master. Currently, Heart Chan meditation has more than 100,000 practitioners [11].
Heart Chan meditation encompasses four dimensions of the physical, conscious, subconscious, and the
spirit and wisdom of the universe. Through the practice of breathing and concentration, the observation
of chakra points within the body, and being in sync with the teaching of the Chan master to enter
the state of Chan, practitioners can surpass their physical, mental, and subconscious states and enter
into the spiritual realm [12]. The synchronization between the Chan master and practitioners can be
either face-to-face or through video classes. Many studies have discussed the benefits of Heart Chan
meditation on physical and mental health as well as its practical principles [13]. These studies have
mostly analyzed Heart Chan meditation with respect to its resultant physiological signals, finding
that this meditation approach improves happiness [14], anxiety [15], the regulation of heartbeat and
breath [16], brain harmony [17], in addition to enabling practitioners to perceive an inner light [18].
Most Chan practitioners learn meditation through video classes; they gather in a meditation center
at regular times to watch teaching videos. Only a few practitioners attend meditation classes that
are taught by a Chan master in person. The practitioners have reported such face-to-face classes
as enabling them to more easily comprehend the benefits of practicing meditation, such as feeling
more energetic, becoming healthier, and being in a pleasant mood. However, the differences between
face-to-face and video classes have not been deeply investigated.

Although numerous studies have discussed meditation-induced heart rate variability (HRV)
changes, the present study attempted to investigate the relationship between biological HRV age,
and the practice of Heart Chan meditation. HRV was noted to decrease with age, and a preliminary
reference norm for such a relationship is available [19]. Practitioners of Heart Chan meditation tend
to feel younger and more vigorous after practicing. However, these perceptions are all short-term
responses to meditation, and this study aimed to determine whether these feelings are related to
objective physiological signals. In the context of the contemporary trend toward body care, whether
Heart Chan meditation practice can indeed help practitioners feel younger and improve their health is
a worthy topic of research.
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2. Materials and Methods

2.1. Participants and Experimental Design

This study comprised two experiments: one where a face-to-face class was conducted and the other
where a video class was conducted. All participants were briefed on the experimental procedure before
they agreed to participate, where they gave their written informed consent by signing an experimental
consent form. The experiment was approved by the Medical Research Ethics Committee of Asia
University (number 10506007). Participants’ information and the experimental procedures are listed in
Table 2.

Table 2. Experiment design information.

Experiment Information Experiment 1: Face-To-Face
Classes Experiment 2: Video Classes

Time points where subexperiments
were conducted

(1A) After the
first class

(1B) After one
month

(2A) Between
classes

(2B) One month later,
between classes

Participant profile Volunteers; no experience with
meditation.

Regularly practiced Heart Chan
meditation for years.

Exclusion criteria Participants who did not complete the experiment and those who exhibited
more than 10 instances of irregular heartbeat were excluded.

Numbers of participants (included/all) 18/22; 12M/6F 45/50; 17M/28 27/51; 5M/22F

Participant ages (minimum, maximum);
(mean, standard deviation)

(24,71);
(47.9; 17.2)

(25,68);
(46.7; 12.7) (20,68); (49.2; 14.7)

Conduct of the class

The duration was 90 min. Participants sat on the floor in a cross-legged
position and practiced breathing and concentrating on chakra points within
the body, as well as synchronizing with the teaching of the Chan master to

enter the state of Chan.

Experience with meditation No meditation experience Average 9 years (minimum 1 year;
maximum 27 years)

Survey and measurement Consent and personal information survey; physiological measurement by
ANSWatch®wrist monitors.

Experiment 1 was conducted as follows. The Chan master taught meditation in face-to-face
classes, and the learners had no experience with meditation. This experiment was divided into two
subexperiments. In subexperiment 1A, the participants’ physiological parameters before and after the
first face-to-face meditation session were measured to determine the change in parameters. In total,
the data of 22 participants were recorded, but only 18 participants were successfully enrolled after the
exclusion criteria was applied. Their ages ranged from 24 to 71 years, with the mean being 47.9 years
(standard deviation; SD = 17.2 years), and there were 12 men and 6 women. Subexperiment 1B involved
participants in subexperiment 1A and additional recruited participants. Physiological parameters
were observed over 1 month. In total, the data of 50 participants were recorded, among whom 45
participants were enrolled after the exclusion criteria were applied. Their ages ranged from 25 to 68
years, with a mean of 46.7 years (SD = 12.7 years), and there were 17 men and 28 women.

Experiment 2 involved video classes. The participants were regular practitioners of Heart
Chan meditation who practiced at the venue of the experiment. They were asked to attend
the experiment’s class every week at a designated time point, and their data were collected.
The changes in their physiological parameters during the video-based meditation learning were
recorded. Their physiological parameters were measured before and after each weekly video class
over 4 weeks. Four measurements for each participant were taken to ensure consistency, and the data
of 51 participants were recorded. However, participants who did not complete the experiment and
who exhibited more than 10 instances of irregular heartbeat were excluded. In total, 27 participants
were successfully enrolled (age range, 20 to 68 years; mean age = 49.2 years, SD = 14.7 years; men,



Int. J. Environ. Res. Public Health 2020, 17, 2128 4 of 9

n = 5, women, n = 22). Participants had practiced Heart Chan meditation for an average of 9 years
(range = 1 to 27 years).

Both face-to-face and video classes were taught with the same teaching method. The duration of
each session was 90 min. The Chan master detailed the principles of and precautions to be taken when
practicing meditation and guided the participants when practicing meditation together. All participants
sat on the floor in a cross-legged position and practiced breathing and concentrating on the chakra
points within their bodies. Synchronization between the minds of the Chan master and practitioners is
a crucial factor for entering a deeper meditative state.

For the experiments, the participants were asked to rest for 20 min before measurement. They were
asked to sign an informed consent form after the researcher briefed them on the conduct of the
experiment. Their physiological parameters were measured using ANSWatch®wrist monitors (Taiwan
Scientific Corp., New Taipei City, Taiwan) and the duration of the measurement was 7 min. Values for
the participants’ physiological parameters were shown on the device, and the data were output to
Excel after the experiments, for statistical analysis.

2.2. Cardiovascular Parameters

Table 3 lists the physiological parameters analyzed in this study. These parameters were
automatically produced by the ANSWatch®wrist monitors [19]. The normal values of each autonomic
nervous system activity, according to ANSWatch, are shown in Figure 1.

Table 3. Definitions of the physiological parameters and their physiological relevance.

Name Definitions and Physiological Relevance

Systolic blood pressure (SYS) The blood pressure when the heart contracts to pump blood to the body,
with a normal value ranging between 90 and 140.

Diastolic blood pressure (DIA) The blood pressure when the heart rests between beats, with a normal
value ranging between 50 and 90.

Pulse pressure The gap between SYS and DIA, with a normal value being 30–50 mmHg.

Number of heartbeats per minute (HR) The average number of times the heart beats per minute within 5 min.

Number of occurrences of arrhythmia
The number of occurrences of arrhythmia within 5 min. If the value is

>20, participants should undergo a physical examination to understand
the causes of the arrhythmia.

Activity of the autonomic nervous system (HRV) The variation in the time interval between heartbeats.

LF power of the autonomic nervous system (LF) Spectral power of the LF R–R interval (0.04–0.15 Hz), which is related to
the activity of the sympathetic nerves.

HF power of the autonomic nervous system (HF) Spectral power of the HF R–R interval (0.15–0.4 Hz), which is related to
the activity of the sympathetic nerves.

LF power ratio of the autonomic nervous system (LF%) Spectral power ratio of the LF R–R interval. LF% = LF / (LF + HF).
The normal range is 30–70%.

Age of the autonomic nervous system activity (HRV age) The age that the HRV data norm corresponds to. HRV decreases as age
increases ([19], Figure 1).
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Figure 1. The relationship between heart rate variability and real age (data originally from [19],
Figure 3).

2.3. Statistics

2.3.1. Descriptive Statistics

Measurements for each physiological parameter in each experiment were taken at a total of four
time points. For experiment 1, the time points were before and after the first session and during the
midterm pre- and post-test. For experiment 2, the time points were before and after the first session
and during the pre- and post-test 1 month after the first session of experiment 2. Mean values and
standard deviations of the measurement data were calculated.

2.3.2. Paired t-test

1. For the first session of subexperiment 1A, paired t-tests were conducted to compare measurements
obtained before the first session and after the session; these two sets of measurement data were
called (1A)_Pre and (1A)_Post, respectively.

2. For subexperiment 1B, paired t-tests were conducted to compare measurements obtained before the
first session with measurements obtained after 1 month of practice; these two sets of measurement
data were called (1B)_Pre and (1B)_Post, respectively.

3. For the first session of subexperiment 2A, paired t-tests were conducted to compare measurements
obtained before the first session with measurements obtained after the session’s training course;
these two sets of data were called (2A)_Pre and (2A)_Post, respectively.

4. For the training course conducted after 1 month in subexperiment 2B, paired t-tests were conducted
to compare measurements obtained before the first session with measurements obtained after the
course; these two sets of data were called (2B)_Pre and (2B)_Post, respectively.

5. The difference between the biological HRV age and real age for the aforementioned eight
measurements; specifically between (1A)_Pre, (1A)_Post, (1B)_Pre, and (1B)_Post as well as
between (2A)_Pre and (2A)_Post, and between (2B)_Pre and (2B)_Post, were examined by
performing paired t-tests. The significance level was 0.05.

3. Results

The results of the two experiments are summarized in Tables 4 and 5.
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Table 4. Blood pressure waves obtained from experiment 1.

Blood Pressure
Parameters (1A)_Pre (1A)_Post p-Value (1B)_Pre (1B)_Post p-Value

SYS 113.8 (13.6) 115.7 (17.4) 0.38 121.2 (18.7) 120.2 (16.8) 0.66

DIA 77.1 (9.1) 78.1 (10.7) 0.63 82.3 (11.2) 81.8 (10.9) 0.70

SYS-DIA 36.6 (5.4) 37.6 (8.5) 0.56 38.9 (9.9) 38.4 (8.8) 0.76

HR 76 (6.3) 70.3 (5.7) 0.02 * 74.3 (13.7) 73.5 (13.8) 0.62

HRV 33.6 (16.0) 44.2 (19.0) 0.058 37.1 (15.3) 44.8 (20.6) 0.014

HRV age 46.1 (16.8) 33.6 (13.8) a 0.039 * 42.2 (20.2) 36.8 (18.6) b 0.07

LF 684.1 (1568.1) 677.9 (1229.2) 0.96 440.9 (711.9) 708.5 (987.5) 0.10

HF 173.6 (102.8) 334.8 (405.6) 0.17 297.2 (257.2) 494.8 (580.9) 0.013 *

LF % 60.6 (18.4) 55.6 (20.2) 0.2 53.2 (19.8) 53.2 (24.8) 0.99

Notes: All data are represented in terms of mean and standard deviation (in parentheses). α = 0.05; a p = 0.02;
b p = 0.002; p values marked by with a superscripted a and b are from paired t-test results of the difference between
heart rate variability (HRV) age and real age. * p <0.05.

According to Table 4, SYS, DIA, and pulse pressure did not exhibit significant changes before
or after the first session or after 1 month of meditation learning. The average HR decreased after
the first session from 76 to 70 (p = 0.02 *), and the HRV age decreased from 46.1 to 33.6 (p = 0.039 *).
The participants’ change in HRV age from before to after the first session was examined. Among the
four participants aged 60 years or older in the pre-test, three participants exhibited a significantly
decreased HRV age. Furthermore, among participants whose average age was 30 years, the three
participants who were younger than 30 years had an average HRV age of 45 years in the pre-test (i.e.,
they had presenility), and two participants exhibited a reduced HRV age to an average of 24 years.
As for the autonomic nervous system, the mean values of LF and HF power increased only during
the 1-month follow-up period, whereas LF% did not change. This indicated that after 1 month of
meditation practice, the activity of the autonomic nervous system increased, enabling the participants
to be more energetic. The increase in HF power was particularly substantial (p = 0.013 *), indicating
that the participants felt relatively relaxed. In addition, after 1 month of practice, their HRV age
still decreased in comparison with their real age, which implies that this decrease can continue for
a long time.

Table 5. Blood pressure waves obtained from experiment 2.

Blood Pressure
Parameters (2A)_Pre (2A)_Post p-Value (2B)_Pre (2B)_Post p-Value

SYS 120 (17) 124 (21) 0.03 * 117 (21) 118 (19) 0.35

DIA 80 (10) 80 (11) 0.48 77 (11) 78 (10) 0.10

SYS-DIA 40.1 (11.5) 43.7 (13.9) 0.022 * 40.5 (14.0) 40.2 (11.8) 0.8

HR 78 (10) 73 (8) <0.0001 *** 80 (11) 73 (10) <0.001 ***

HRV 35 (19) 39 (19) 0.015 * 32 (15) 37 (17) 0.013 *

HRV age 47.5 (19.8) 41.5 (17.7) c 0.009 ** 50.6 (21.9) 42.7 (14.7) 0.019 *

LF 440.1 (906.2) 403.7 (691.8) 0.36 387.2 (702.4) 242.3 (308.3) 0.16

HF 443.1 (944.5) 398.0 (513.4) 0.34 271.8 (349.4) 373.2 (395.1) 0.054

LF % 50.6 (24.6) 46.4 (24.5) 0.27 51.9 (27.2) 41.1 (22.6) 0.038 *

Notes: all data are represented in terms of mean and standard deviation (in parentheses). α = 0.05; c p = 0.04,
from the paired t test results for the difference between heart rate variability (HRV) age and real age. * p < 0.05;
** p < 0.01; *** p < 0.001.
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As presented in Table 5, the results of experiment 2 exhibited similar trends as those of experiment
1. First, in both experiments, the after-session HR was lower than the before-session HR. Second,
the HRV age decreased by 6–8 years after the session, whereas the HRV increased. The differences
between the results of experiments 1 and 2 were that SYS slightly increased after the first session (from
120 to 124, p = 0.03 *), and LF% significantly decreased following the session conducted 1 month after
the first session (from 51.9 to 41.1, p = 0.038 *).

4. Discussion

This study furnished several noteworthy findings. First, this study used biological HRV age to
represent the short-term change resulting from Heart Chan meditation practice and found that the
participants’ HRV age and HR both decreased. The decrease of HRV age was caused by the increase
in HRV, which denotes the increase in the total power of the autonomic nervous system’s activity.
As illustrated in Figure 1, HRV decreased as age increased. By contrast, if only HRV is used for analysis
(with HRV age excluded), the difference may not be significant; significant differences were noted
after the conversion of HRV into HRV age, especially in middle-aged and older adults, because the
HRV of such adults is low. If only the absolute value of HRV is used for comparison, statistically
significant differences cannot be easily determined. However, if the HRV value is converted into real
age, the difference can be substantial. A slight HRV increase can reflect a substantial change in age.
Therefore, HRV age can be an effective parameter for testing the physiological changes in middle-aged
and older adults who practice meditation. Furthermore, this study determined that HR significantly
decreased with increases in HRV. This implies that Heart Chan meditation can enhance autonomic
nervous system activity without imposing a burden on the heart. Compared with other activities such
as regular exercise, which cause both HRV and HR to increase, Heart Chan meditation can lead to
decreased HR; this is associated with an increase in HF activity. Therefore, Heart Chan meditation is
suitable for people who cannot perform intensive exercise because of poor cardiovascular conditions.

Differing from findings from other studies on meditation, as well as the results for HR and HRV
age in this study, findings for the LF and HF parameters indicated no significant differences. In both
experiments, LF% decreased, and HF% increased after the first session, albeit nonsignificantly so.
However, the results of the 1-month follow-up also revealed an increase in HF%; this may be associated
with the practice method of Heart Chan meditation. In the two experiments of this study, data were
measured before and after sessions with 2 h between measurements, during which the participants sat
in the venue practicing Heart Chan meditation. The practice method includes concentration, adjusted
breathing, and perceiving inner peace, and advanced practitioners can resonate with the energy of
the Chan master’s blessings. These activities are nonintensive, and practitioners are required to keep
their bodies still [14]. Therefore, LF% and HF% did not change significantly after 2 h. However,
after 1 month, HF% increased significantly, which is consistent with the results of a previous study [16];
this indicates that Heart Chan meditation may be effective for improving HF% in the long term.

This study compared the practitioners participating in face-to-face sessions with those participating
in video meditation classes, with respect to their physiological parameters. The participants comprised
of beginners and experienced practitioners. The results revealed that the beginners’ HRV improved
after 1 month, indicating that the meditation class made them feel rejuvenated. By contrast, experienced
practitioners exhibited different HRV values before and after one session, but their HRV values did
not change after 1 month. One possible explanation may be that the experienced practitioners had
improved their physiological condition to the point where they could improve it no further, and thus
did not exhibit further improvement during the study period; however, each meditation session was
still helpful for them. This explanation requires further examination. In addition, this study noted that
video and face-to-face learning exerted the same effect. The contribution of this study is its measurement
of data at the meditation venue and the face-to-face classes rather than at university laboratories,
as other studies have done. Heart Chan meditation is characterized by the teaching of meditation
through synchronization between the Chan master and practitioners, which is similar to the giving of



Int. J. Environ. Res. Public Health 2020, 17, 2128 8 of 9

blessings. Although face-to-face blessing is the most direct, the meditation center is also a place being
blessed. Hence, video learning in the meditation center is as effective as face-to-face learning.

In this study, because few face-to-face classes were available, most data were from beginners
in meditation. Data remain scarce from beginners participating in video classes and experienced
practitioners participating in face-to-face classes. We will attempt to collect such data in future research
for comparison. Additionally, the experiments in this study were conducted in the same meditation
center. Further research is required to determine whether a study conducted in university laboratories
will yield different results.

5. Conclusions

This study discussed the changes in physiological parameters of Heart Chan meditation
practitioners and found that a short-term class could lower participants’ HR and their HRV age.
The HRV age was adopted, leading to the understanding that the short-term class could result in
a decreased HRV age for participants. In addition, both the face-to-face and video classes were effective
at improving the activity of the autonomic nervous system.

Author Contributions: Conceptualization, K.-M.C.; Data curation, Y.-J.L.; Formal analysis, K.-M.C.; Investigation,
K.-M.C.; Project administration, M.-T.W.C.; Resources, M.-T.W.C. and Y.-J.L.; Supervision, M.-T.W.C.;
Writing—original draft, K.-M.C.; Writing—review & editing, Y.-J.L. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors are grateful to the volunteers, especially from Shakyamuni Buddhist Foundation.
This manuscript was edited by Wallace Academic Editing.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Fennell, A.B.; Benau, E.M.; Atchley, R.A. A single session of meditation reduces of physiological indices of
anger in both experienced and novice meditators. Conscious. Cogn. 2016, 40, 54–66. [CrossRef] [PubMed]

2. Rich, T.A.; Pfister, R.; Alton, J.; Gerdt, D.; Baruch, M. Assessment of cardiovascular parameters during
meditation with mental targeting in varsity swimmers. Evid. Based Complement. Altern. Med. 2016, 2016,
7923234. [CrossRef] [PubMed]

3. Laborde, S.; Mosley, E.; Thayer, J.F. Heart rate variability and cardiac vagal tone in psychophysiological
research–recommendations for experiment planning, data analysis, and data reporting. Front. Psychol. 2017,
8, 213. [CrossRef] [PubMed]

4. Desiraju, T.; Telles, S. Autonomic changes in brahmakumari’s rajayoga meditation. Int. J. Psychophysiol. 1993,
43, 218–224.

5. Amihai, I.; Kozhevnikov, M. Arousal vs. Relaxation: A comparison of the neurophysiological and cognitive
correlates of vajrayana and theravada meditative practices. PLoS ONE 2014, 9, e102990. [CrossRef] [PubMed]

6. Takahashi, T.; Murata, T.; Hamada, T.; Omori, M.; Kosaka, H.; Kikuchi, M.; Yoshida, H.; Wada, Y. Changes in
eeg and autonomic nervous activity during meditation and their association with personality traits. Int. J.
Psychophysiol. 2005, 55, 199–207. [CrossRef] [PubMed]

7. Phongsuphap, S.; Pongsupap, Y.; Chandanamattha, P.; Lursinsap, C. Changes in heart rate variability during
concentration meditation. Int. J. Psychophysiol. 2008, 130, 481–484. [CrossRef] [PubMed]

8. Wu, S.-D.; Lo, P.-C. Inward-attention meditation increases parasympathetic activity: A study based on heart
rate variability. Biomed. Res. 2008, 29, 245–250. [CrossRef] [PubMed]

9. Krygier, J.R.; Heathers, J.A.; Shahrestani, S.; Abbott, M.; Gross, J.J.; Kemp, A. Mindfulness meditation,
well-being, and heart rate variability: A preliminary investigation into the impact of intensive vipassana
meditation. Int. J. Psychophysiol. 2013, 89, 305–313. [CrossRef] [PubMed]

10. Muralikrishnan, K.; Balakrishnan, B.; Balasubramanian, K.; Visnegarawla, F. Measurement of the effect of
isha yoga on cardiac autonomic nervous system using short-term heart rate variability. J. Ayurveda Integr.
Med. 2012, 3, 91. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.concog.2015.12.010
http://www.ncbi.nlm.nih.gov/pubmed/26748026
http://dx.doi.org/10.1155/2016/7923234
http://www.ncbi.nlm.nih.gov/pubmed/26981142
http://dx.doi.org/10.3389/fpsyg.2017.00213
http://www.ncbi.nlm.nih.gov/pubmed/28265249
http://dx.doi.org/10.1371/journal.pone.0102990
http://www.ncbi.nlm.nih.gov/pubmed/25051268
http://dx.doi.org/10.1016/j.ijpsycho.2004.07.004
http://www.ncbi.nlm.nih.gov/pubmed/15649551
http://dx.doi.org/10.1016/j.ijcard.2007.06.103
http://www.ncbi.nlm.nih.gov/pubmed/17764770
http://dx.doi.org/10.2220/biomedres.29.245
http://www.ncbi.nlm.nih.gov/pubmed/18997439
http://dx.doi.org/10.1016/j.ijpsycho.2013.06.017
http://www.ncbi.nlm.nih.gov/pubmed/23797150
http://dx.doi.org/10.4103/0975-9476.96528
http://www.ncbi.nlm.nih.gov/pubmed/22707866


Int. J. Environ. Res. Public Health 2020, 17, 2128 9 of 9

11. Chan, H. A Brief Introduction to Heart Chan. Available online: https://youtu.be/tSfuzNxc8x4 (accessed on 6
June 2017).

12. Miaotian, C. Introduction to Sitting Chan; Zen Cosmos Publish: Taipei, Taiwan, 2011.
13. Lo, P.-C.; Huang, M.-L. Exploring preventive power of ten-mailuns actuation in chan ding. Int. J. Prev. Med.

Res. 2015, 1, 27.
14. Chang, K.-M.; Chun, Y.-T.; Chen, S.-H.; Lu, L.; Su, H.-T.J.; Liang, H.-M.; Santhosh, J.; Ching, C.T.-S.; Liu, S.-H.

The evaluation of physical stillness with wearable chest and arm accelerometer during chan ding practice.
Sensors 2016, 16, 1126. [CrossRef] [PubMed]

15. Lo, P.-C.; Wu, S.-D. Effect of zen meditation practice on perceived stress in college students: A survey study.
Biomed. Eng. Appl. Basis Commun. 2007, 19, 409–413. [CrossRef]

16. Wu, S.-D.; Lo, P.-C. Cardiorespiratory phase synchronization during normal rest and inward-attention
meditation. Int. J. Cardiol. 2010, 141, 325–328. [CrossRef] [PubMed]

17. Chang, K.-M.; Lo, P.-C. Meditation eeg interpretation based on novel fuzzy-merging strategies and wavelet
features. Biomed. Eng. Appl. Basis Commun. 2005, 17, 167–175. [CrossRef]

18. Lo, P.-C.; Huang, M.-L.; Chang, K.-M. Eeg alpha blocking correlated with perception of inner light during
zen meditation. Am. J. Chin. Med. 2003, 31, 629–642. [CrossRef] [PubMed]

19. Lai, T.Y.; Tseng, Y.T.; Lee, C.N. Answatch—A novel portable multi-functional wrist monitor system for clinical
applications in integrated and preventive medicine. In Proceedings of the 5th International Symposium on
Natural Medicine, Penang, Malaysia, 29–31 July 2011.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://youtu.be/tSfuzNxc8x4
http://dx.doi.org/10.3390/s16071126
http://www.ncbi.nlm.nih.gov/pubmed/27447641
http://dx.doi.org/10.4015/S1016237207000513
http://dx.doi.org/10.1016/j.ijcard.2008.11.137
http://www.ncbi.nlm.nih.gov/pubmed/19144415
http://dx.doi.org/10.4015/S1016237205000263
http://dx.doi.org/10.1142/S0192415X03001272
http://www.ncbi.nlm.nih.gov/pubmed/14587885
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants and Experimental Design 
	Cardiovascular Parameters 
	Statistics 
	Descriptive Statistics 
	Paired t-test 


	Results 
	Discussion 
	Conclusions 
	References

