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Abstract—Background: Mindfulness is a famous program
that has been practiced in the world for many years, its
positive functions on human well–being have been proved.
Its influences on central nervous system also have been
studied using electroencephalography (EEG) and functional
magnetic resource image. In recent years, some studies work
on its action on autonomic nervous system using Heart Rate
Variability (HRV). Objective: The major goal of this study is
to evaluate the impacts of mindfulness on HRV based on
literature review. Methods: We search for related papers
from PubMed in recent 10 years which were published in
English, and examine the effectiveness of HRV on the
evaluation of mindfulness. Results: Most of results showed
that
time-domain
based
SDNN,
RMSDD
and
frequency-domain based HF were significantly increased
after 8-week mindfulness training. Conclusions: HRV
metrics can be useful indices for the evaluation of
mindfulness studies. It proved that increased SDNN,
RMSDD and HF were associated with better
parasympathetic function and well-being.

Cystitis, Bladder Pain Syndrome and lower back pain etc.
[3], [4].
Although many studies have positive reports for MBIs
group especial when the control group is non-MBIs or
usual care group, some studies report no significant
difference or only short-term effect when MBIs group was
compared with maintain treatment group [5], and lack of
long-term positive results [6].
Because that not all studies showed the positive
efficiency of MBIs, it is necessary to study physiological
and biological mechanisms of mindfulness. Compared
with traditional scales and questionnaires, physiological
biomarkers might provide more scientific evaluations.
Many medical devices, such as electroencephalography
(EEG), Functional Magnetic Resource Image (fMRI) and
electrocardiography (ECG) can provide physiological data
for clinical disease diagnosis and evaluation, they also
have been used in research for many years.
Using EEG in mindfulness studies, results show that
mindfulness is associated with increased alpha and theta
brain wave power [7], positive related to attentional
performance and cognitive flexibility [8]. Studies with
fMRI provide evidences that mindfulness practices alter
intrinsic functional connectivity in brain network, might
enhance self-referential processes, can reflect more
consistent attention focus and awareness of sensory [9],
meditation related anxiety relief is associated with special
brain cortex activity [10]. All of above demonstrate the
impacts of mindfulness on Central Nerve System (CNS).
Theoretically, the action of mindfulness on CNS can
influence on Autonomic Nervous System (ANS). As a
well-known tool for assessing ANS, heart rate variability
(HRV) can be an effective tool to evaluate the impacts of
mindfulness on ANS.
ECG is a recording of electrical activity of heart beats.
HRV is an analysis the time differences of every R-R
interval of ECG. Usually, we adopt HRV with metrics of
time-domain and frequency domain to evaluate the ANS
dynamic function.
Studies showed that mindfulness practices increased the
High Frequency power (HF) and decreased Low
Frequency power (LF) and Low Frequency to High

Index Terms—heart rate variability, mindfulness

I.

INTRODUCTION

In recent decades, mindfulness has become popular
keywords related distress reduction. Mindfulness-Based
Stress Reduction (MBSR) and Mindfulness-Based
Cognitive Therapy (MBCT) are two famous programs
which have standardized 8 weeks training course and
online learning websites. Depending on them, many
mindfulness programs have developed and widely used all
over the word, at same time, many studies focus on
Mindfulness-Based Interventions (MBIs) because of its
positive effect on human health.
MBIs have been proved its positive effects in reducing
stress, relieving anxiety, preventing depression and
improving quality of life of healthy individuals [1], similar
effects also showed in cancer patients [2]. It also works on
some difficult treatment condition, such as Interstitial
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Frequency ratio (LF/HF) [11], and different mindfulness
states may produce different HRV condition [12].
Although more and more mindfulness studies have been
documented and showed the influences on HRV, there is
still lack of consensus. In this study, we aimed to search
for related papers and discuss consistency of results.
II.

We use mindfulness and heart rate variability as
keyword to search related papers. Those papers studying
about the effects of MBIs on HRV metrics will been
included.
In our study, we use frequently-used HRV metrics, such
as standard deviation of all normal to normal intervals
(SDNN), standard deviation of R-R interval (SDRR),
standard deviation of the average of NN intervals in all
5-minute segments of the entire recording (SDANN),
SDNN Index (SDNNI), NN50 count divided by the total
number of all NN intervals (pNN50), and the square root
of the mean of the sum of the squares of differences
between adjacent NN intervals (RMSSD) as time-domain
metrics, and use Total Power (TP), very low frequency
power (VLF), LF, normalized LF (nLF), HF, normalized
HF (nHF) and LF/HF as frequency- domain metrics.

METHOD

A.

Research Design
We use literature analysis and content analysis in this
study. Its purpose is to collect relevant literatures about the
impacts of mindfulness on HRV. We compare and
generalize the literatures through content analysis.
In our study, we search literatures on PubMed, the
collected papers were limited by published in English and
by 10 years before April, 2018.
TABLE I.

STUDY CHARACTERISTICS

Study authors

Target group

Mindfulness

HRV measure

Versluis, A., et
al./2018

A RCT investigated
101 participants ( 32
experimental, 36
control, 33 wait list)
A prospective clinical
trial with
113 T2DM patients

worry-reduction
EMI with
mindfulness
exercises 4 week
8 weeks MBSR

Long term HRV

Park, H.,
et al./2018

28 female cancer
patients without
metastatic, pre-post
comparison design

4 weeks MBSR

Short term HRV

Crosswell, A.
D., et al./2017

71 younger breast
cancer survivors.
Mindfulness
group(n=39)
A wait-list control
condition (n = 32)

6-weeks
mindfulness

Short term HRV

Azam, M. A., et
al./2016

Total 75 undergraduate
students
students with tension
and headaches (n = 36)
students with
headache-free (n = 39)

audio-guided
mindfulness
meditation
practice or
mindfulness
meditation
description

Short term HRV

ZimmermannSchlegel, V., et
al./2018
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Short term HRV
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Research results about HRV after mindfulness
practices
Time- domain metrics:
RMSSD was without significant change

Time- domain metrics:
RMSSD was without significant change.
MBSR intervention showed improved parasympathetic
activities.
Time- domain metrics:
SDNN was increased significant.
RMSSD was without significant change.
The SDNN and RMSSD were lower with cancer patients
than those in healthy people.
Frequency- domain metrics:
TP and VLF were without significant change
Normalized LF was decreased significantly
Normalized HF was increased significantly
Improvement in HF power and decrease in anger were
correlated
HF was negatively correlated with depression and anxiety
and positively related with well-being
The LF and LF/HF ratio were positively correlated with
depression and anxiety and negatively correlated with
well-being.
HF may be a biomarker for evaluation treatment response
Time- domain metrics:
Control group: RMSSD increases significantly with
mindfulness, while the intervention group remains the
same throughout the task
Intervention group: after experienced greater negative
emotions, can demonstrated an efficient recovery
Mindfulness training may lead to an enhanced emotional
experience coupled with the ability to recovery quickly
from negative emotional states
Frequency- domain metrics
HF was increased significantly from stress to mindfulness
medication practice in both of two groups
Better HF was shown in both group with mindfulness
meditation practice as compared to mindfulness
meditation description
HF was significantly lower in the headache group as
compared to headache-free group during the post-stress
MMD condition
Mindfulness promote effective recovery after a stressful
event in headache group.
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Owens, J. E., et
al./2016

20 patients with benign
palpitation MBSR
group (n=10) and wait
list control(n=10)

8 week MBSR

Long term HRV

Time-domain metrics:
SDNN and RMSSD were without significant difference
between two groups
Frequency- domain metrics:
HF, LF, LF/HF were without significantly difference
between two groups
An association between LF/HF and improvement in
palpitation in MBSR group

May, R. W.,
et al./2016

RCT total N=124
healthy students
mindfulness task group
and control task group
Maladaptive
perfectionists (n=21)
and Controls (n=39)

Once, a brief 15min mindfulness

Short term HRV

a 10-minute
audio-instructed
mindfulness

Short term HRV

Nijjar, P. S.,
et al./2014

18 healthy volunteer

MBSR 8-week

Short term HRV

Evans, D.R., et
al./2014

63 students to receive a
cold pressor task,
26 observe group
21 describe group 39
accept group
Total 21Individuals
bipolar disorder (n=12)
control group(n=9)

once brief
mindfulness

Short term HRV

8-week MBCT

Short term HRV

Delgado-Pastor,
L.C.,
et al./2013
Krygier, J. R., et
al./2013

10 male experienced
Vipassana meditators

practiced
Vipassana
meditation
A 10-day
intensive
Vipassana retreat

Short term HRV

Bhatnagar, R., et
al./2013

Eight veterans
completed
the MBSR training, and
5 completed HRV
measures.
31 community
participants(after
4-week smoking
cessation intervention)

8-week
mindfulness,
manual-based
group therapy

Long term
HRV

practicing
meditation

Short term HRV

Prazak, M.,
et al./2012

506 undergraduate
students

Short term HRV

Garland, E. L., et
al./2012

53 adults
(alcohol-dependent)

Four type
mindfulness
skills(observe,
describe, act with
awareness,
Accept without
Judgment )
10 weeks of
mindfulness

Joo, H. M.,
et al./2010

11 patients who were
suffering from
spontaneous
subarachnoid
hemorrhage (SAH)

8 weeks MBSR

Short term HRV

Azam, M. A., et
al./2015

Howells, F.M.
et al./2014

Libby, D. J.,
et al./2012

36 healthy participants

Short term HRV

Short term HRV

Frequency- domain metrics:
There are greater reduction of nLF from baseline to
intervention in mindfulness participants than in control
participants.
Frequency- domain metrics:
HF decreased during stress phase in both group
HF in control group was significant greater during
mindfulness than during stress and rest
Frequency- domain metrics:
HF increased after MBSR.
LF decreased after complete MBSR.
TP was without significant.
Frequency- domain metrics:
Higher HF was associated with greater pain tolerance only
in control group.
Unfamiliar mindfulness may not help for pain tolerate.
Frequency- domain metrics:
Participants with bipolar disorder(BD) had increased HF
peak as compared to controls before MBCT.
Participants with BD showed reduced HF peak after
MBCT.
Emotional processing in BD is altered, and MBCT may
improve emotional processing in BD
Frequency- domain metrics:
LF/HF ratio increases during specific Vipassana.
Mindfulness may change autonomic regulation.
Frequency- domain metrics:
HF increased overall during meditation as compared to
resting baseline.
LF power decrease after 10-day retreat.
Time- domain metrics
pNN50 increased after MBSR training.

Frequency- domain metrics:
Acute increase in HF from rest to mindfulness related
fewer smoke response.
Change of HF may be a useful tool to predict cessation
treatment response.
Frequency- domain metrics:
VLF lower with Act and Describe skills.
LF was significantly correlated Observe and Describe
skills

Frequency- domain metrics:
after mindfulness treatment
a mean increase in HF from baseline through both stressand alcohol cue-exposure predicted high relapse rate
Time- domain metrics:
SDNN, RMSSD were significant increased after MBSR.

Frequency- domain metrics:
TP showed significant increase,
LF,HF, LF/HF were without significant change
Note: After mindfulness intervention, improvement in psychological factors such as depression, distress, anger, insomnia, and QoL etc. all proved by
scales and questionnaires analyzing.
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Nervous System (PNS) activities can influence SDNN. In
short-term HRV, lower values of SDNN can predict high
morbidity and mortality, higher values of SDNN is related
with better sense of well-being [31], [32].
RMSDD is root mean square of successive RR interval
differences, and which is influenced by PNS and
correlated with HF [33].
HF (0.15-0.40Hz) value represents the activity of
parasympathetic nervous system, it highly correlated with
RMSSD. It is reasonable that SDNN, RMSSD and HF
have similar results in mindfulness.
In these papers, participants not only include patients
but also have healthy individuals, both patient and healthy
individuals have similar positive HRV change after
mindfulness intervention.
Mindfulness actually can influence on ANS because of
improved parasympathetic function. The change of SDNN,
RMSDD and HF are similar, and are positive correlated
the sense of well-being. SDNN, RMSDD and HF are
useful indicators for further study on mindfulness and its
action on ANS.

B.

Data Analysis
We search papers on PubMed using keyword
mindfulness and heart rate variability, there are 59 papers
in recent 10 years, and which were published in English.
There were only 18 papers that were the studies focused
on the HRV observations during or post mindfulness
training. The articles included in this study and their
findings are summarized as shown on Table I [13]-[30].
Analyzing the ECG recording, we find that researchers
used long- term HRV (24-hour HRV) in 3 studies, and
used short term HRV (few minutes) in other 15 papers.
For papers using long-term HRV, participants received
MBIs about 4 to 8 weeks. The results showed that pNN50
was significantly increased after mindfulness [26],
RMSSD, SDNN, LF and HF were without significantly
change [13], [18], and there was association between
LF/HF and improved disease symptom [18].
For papers using short-term HRV, participant received
MBIs differently from once brief practices to 10 weeks
long.
Analyzing the time-domain based HRV results, we find
that SDNN and MRSSD were significantly increased after
mindfulness [15], [16], [30]. Analyzing the
frequency-domain based HRV results, we find that
significantly increased HF [15], [17], [20]-[23], [25], [27],
[29] with significant decreased LF [18], [19], [21], [25].
The results also showed that increased HF after
mindfulness associated with better condition, negatively
correlation with stress and disease condition. Conversely,
the higher LF correlated with stress condition, negatively
correlated with well-being [15], [17].
III.

B.

Other Findings
Not all research has positive results on HRV analysis of
mindfulness, due to complex mechanism of ANS. The
possible reasons may be the heterogeneities in subjects
(health/patient), training period, and other possible
factors.
From the findings of these articles, we found that
relative healthy subgroups may gain more positive effects
after mindfulness intervention as compared to people with
diseases, it can be helpful to explain basic mechanism of
mindfulness.

RESULTS
IV.

The Influence of Mindfulness on HRV
In Table I, we summarized the findings about the
influences of mindfulness on HRV from 18 collected
papers. The findings showed in Table I are just part of
these papers contributions. We omitted those positive
effects of mindfulness such as stress reduction, anxiety
relieve, mindfulness and life quality improvement etc.
proved in papers
From the Table I, we find that RMSSD and SDNN are
most useful indices of time-domain, while HF is most
useful indices of frequency-domain, though LF and
LF/HF also been discussed. After mindfulness
intervention, there are significant increase of RMSSD,
SDNN and HF values in most of studies and the changes
are almost consistent. LF decreased after mindfulness
intervention and increased with negative condition are
also proved in studies, but the change of LF/HF is
uncertain.
For HRV analysis, twenty-four hours ECG recordings
were only used in 3 papers; short term ECG recordings
had been wildly used in more studies, it is the source of
short term HRV.
SDNN is the standard deviation of NN intervals, both
Sympathetic Nervous System (SNS) and Parasympathetic

DISCUSSION AND CONCLUSIONS

A.
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A.

Conclusions
HRV metrics can be useful indices for mindfulness
studies. The most useful HRV metrics in previous studies
is including SDNN, RMSDD and HF, and all of them are
important in ANS function evaluation, especially related
parasympathetic nervous system. However, studies with
SNS action and the balance of SNS and PNS, remain
unsolved.
B.

Practical Implications
In this paper, we find that SDNN, RMSDD and HF
mostly been used in studies, other metrics of HRV, such as
HRVTi, TINN and Poincare analysis etc. can be
considered and designed into new studies, it may be
helpful to explain the influence on ANS.
In prior studies, we find that different mindfulness skills
or training courses may have different effect on ANS.
Analyzing these difference can help us to know more
about mechanisms of mindfulness and ANS.
Increased SDNN, RMSDD and HF are proved to show
better parasympathetic function and we-being. At the
same manner, decreased values of SDNN, RMSDD and
HF are associated with higher morbidity and mortality risk
[32], [34], [35].
135

International Journal of Pharma Medicine and Biological Sciences Vol. 8, No. 4, October 2019

REFERENCES
[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

B. Khoury, M. Sharma, S. E. Rush, and C. Fournier,
“Mindfulness-based stress reduction for healthy individuals: A
meta-analysis,” Journal of Psychosomatic Research, vol. 78, no. 6,
pp. 519-528, 2015.
S. E. Rush and M. Sharma, “Mindfulness-based stress reduction as
a stress management intervention for cancer care: A systematic
review,” Journal of Evidence-Based Complementary & Alternative
Medicine, vol. 22, no. 2, pp. 348-360, 2017.
G. Kanter, et al., “Mindfulness-based stress reduction as a novel
treatment for interstitial cystitis/bladder pain syndrome: A
randomized controlled trial,” International Urogynecology Journal,
vol. 27, no. 11, pp. 1705-1711, 2016.
D. C. Cherkin, et al., “Effect of mindfulness-based stress reduction
vs cognitive behavioral therapy or usual care on back pain and
functional limitations in adults with chronic low back pain: A
randomized clinical trial,” The Journal of the American Medical
Association, vol. 315, no. 12, pp. 1240-1249, 2016.
W. Kuyken, et al., “Effectiveness and cost-effectiveness of
mindfulness-based cognitive therapy compared with maintenance
antidepressant treatment in the prevention of depressive relapse or
recurrence (PREVENT): A randomised controlled trial,” The
Lancet, vol. 386, no. 9988, pp. 63-73, 2015.
D. C. Cherkin, et al., “Two-year follow-up of a randomized clinical
trial of mindfulness-based stress reduction vs cognitive behavioral
therapy or usual care for chronic low back pain,” The Journal of the
American Medical Association, vol. 317, no. 6, pp. 642-644, 2017.
T. Lomas, I. Ivtzan, and C. Fu, “A systematic review of the
neurophysiology of mindfulness on EEG oscillations,”
Neuroscience & Biobehavioral Reviews, vol. 57, pp. 401-410,
2015.
A. Moore and P. Malinowski, “Meditation, mindfulness and
cognitive flexibility,” Consciousness and Cognition, vol. 18, no. 1,
pp. 176-186, 2009.
L. A. Kilpatrick, et al., “Impact of mindfulness-based stress
reduction training on intrinsic brain connectivity,” Neuroimage, vol.
56, no. 1, pp. 290-298, 2011.
F. Zeidan, K. T. Martucci, R. A. Kraft, J. G. McHaffie, and R. C.
Coghill, “Neural correlates of mindfulness meditation-related
anxiety relief,” Social Cognitive and Affective Neuroscience, vol. 9,
no. 6, pp. 751-759, 2013.
P. Sarang and S. Telles, “Effects of two yoga based relaxation
techniques on heart rate variability (HRV),” International Journal
of Stress Management, vol. 13, no. 4, pp. 460-475, Nov. 2006.
M. Hunt, F. Al-Braiki, S. Dailey, R. Russell, and K. Simon,
“Mindfulness training, yoga, or both? Dismantling the active
components of a mindfulness-based stress reduction intervention,”
Mindfulness, vol. 9, no. 2, pp. 512-520, 2018.
A. Versluis, B. Verkuil, P. Spinhoven, and J. F. Brosschot,
“Effectiveness of a smartphone-based worry-reduction training for
stress reduction: A randomized-controlled trial,” Psychology &
Health, vol. 33, no. 9, pp. 1079-1099, Apr. 2018.
V. Zimmermann-Schlegel, et al., “Impact of depression and
psychosocial treatment on heart rate variability in patients with type
2 diabetes mellitus: An exploratory analysis based on the HEIDIS
trial,” Experimental and Clinical Endocrinology & Diabetes, vol.
127, no. 6, pp. 367-376, 2018.
H. Park, S. Oh, Y. Noh, J. Y. Kim, and J. H. Kim, “Heart rate
variability as a marker of distress and recovery: The effect of brief
supportive expressive group therapy with mindfulness in cancer
patients,” Integrative Cancer Therapies, vol. 177, no. 3, pp.
512-520, 2018.
A. D. Crosswell, et al., “Effects of mindfulness training on
emotional and physiologic recovery from induced negative affect,”
Psychoneuroendocrinology, vol. 86, pp. 78-86, Dec. 2017.
M. A. Azam, J. Katz, V. Mohabir, and P. Ritvo, “Individuals with
tension and migraine headaches exhibit increased heart rate
variability during post-stress mindfulness meditation practice but a
decrease during a post-stress control condition–a randomized,
controlled experiment,” International Journal of Psychophysiology,
vol. 110, pp. 66-74, Dec. 2016.
J. E. Owens, et al., “A randomized controlled trial evaluating
Mindfulness-Based Stress Reduction (MBSR) for the treatment of

©2019 Int. J. Pharm. Med. Biol. Sci.

136

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

palpitations: A pilot study,” International Journal of Cardiology,
vol. 223, no. 15, pp. 25-27, Nov. 2016.
R. W. May, et al., “Understanding the physiology of mindfulness:
Aortic hemodynamics and heart rate variability,” Stress, vol. 19, no.
2, pp. 168-174, Mar. 2016.
M. A. Azam, J. Katz, S. R. Fashler, T. Changoor, S. Azargive, and P.
Ritvo, “Heart rate variability is enhanced in controls but not
maladaptive perfectionists during brief mindfulness meditation
following stress-induction: A stratified-randomized trial,”
International Journal of Psychophysiology, vol. 98, no. 1, pp. 27-34,
2015.
P. S. Nijjar, et al., “Modulation of the autonomic nervous system
assessed through heart rate variability by a mindfulness based stress
reduction program,” International Journal of Cardiology, vol. 177,
no. 2, pp. 557-559, 2014.
D. R. Evans, T. A. Eisenlohr-Moul, D. F. Button, R. A. Baer, and S.
C. Segerstrom, “Self-regulatory deficits associated with
unpracticed mindfulness strategies for coping with acute pain,”
Journal of Applied Social Psychology, vol. 44, no. 1, pp. 23-30,
2014.
F. M. Howells, H. L. Rauch, V. L. Ives-Deliperi, N. R. Horn, and D.
J. Stein, “Mindfulness based cognitive therapy may improve
emotional processing in bipolar disorder: Pilot ERP and HRV
study,” Metabolic Brain Disease, vol. 29, no. 2, pp. 367-375, June
2014.
L. C. Delgado-Pastor, P. Perakakis, P. Subramanya, S. Telles, and J.
Vila, “Mindfulness (Vipassana) meditation: Effects on P3b
event-related potential and heart rate variability,” International
Journal of Psychophysiology, vol. 90, no. 2, pp. 207-214,
November 2013.
J. R. Krygier, J. A. Heathers, S. Shahrestani, M. Abbott, J. J. Gross,
and A. H. Kemp, “Mindfulness meditation, well-being, and heart
rate variability: A preliminary investigation into the impact of
intensive Vipassana meditation,” International Journal of
Psychophysiology, vol. 89, no. 3, pp. 305-313, 2013.
R. Bhatnagar, et al., “The effects of mindfulness training on
post-traumatic stress disorder symptoms and heart rate variability in
combat veterans,” The Journal of Alternative and Complementary
Medicine, vol. 19, no. 11, pp. 860-861, 2013.
D. J. Libby, P. D. Worhunsky, C. E. Pilver, and J. A. Brewer,
“Meditation-induced changes in high-frequency heart rate
variability predict smoking outcomes,” Frontiers in Human
Neuroscience, vol. 6, no. 54, March 2012.
M. Prazak, J. Critelli, L. Martin, V. Miranda, M. Purdum, and C.
Powers, “Mindfulness and its role in physical and psychological
health,” Applied Psychology: Health and Well‐Being, vol. 4, no. 1,
pp. 91-105, 2012.
E. L. Garland, I. H. Franken, and M. O. Howard, “Cue-elicited heart
rate variability and attentional bias predict alcohol relapse
following treatment,” Psychopharmacology, vol. 222, no. 1, pp.
17-26, 2012.
H. M. Joo, S. J. Lee, Y. G. Chung, and I. Y. Shin, “Effects of
mindfulness based stress reduction program on depression, anxiety
and stress in patients with aneurysmal subarachnoid hemorrhage,”
Journal of Korean Neurosurgical Society, vol. 47, no. 5, pp.
345-351, May 2010.
F. Shaffer, R. McCraty, and C. L. Zerr, “A healthy heart is not a
metronome: An integrative review of the heart's anatomy and heart
rate variability,” Frontiers in Psychology, vol. 5, no. 1040, 2014.
R. E. Kleiger, J. P. Miller, J. T. Bigger, and A. J. Moss, “Decreased
heart rate variability and its association with increased mortality
after acute myocardial infarction,” The American Journal of
Cardiology, vol. 59, no. 4, pp. 256-262, 1987.
R. E. Kleiger, P. K. Stein, and J. T. Bigger, “Heart rate variability:
Measurement and clinical utility,” Annals of Noninvasive
Electrocardiology, vol. 10, no. 1, pp. 88-101, 2005.
C. M. DeGiorgio, et al., “RMSSD, a measure of vagus-mediated
heart rate variability, is associated with risk factors for SUDEP: the
SUDEP-7 Inventory,” Epilepsy & Behavior, vol. 19, no. 1, pp.
78-81, 2010.
J. F. Thayer, S. S. Yamamoto, and J. F. Brosschot, “The relationship
of autonomic imbalance, heart rate variability and cardiovascular
disease risk factors,” International Journal of Cardiology, vol. 141,
no. 2, pp. 122-131, 2010.

International Journal of Pharma Medicine and Biological Sciences Vol. 8, No. 4, October 2019

Yu-Hung Tung is currently studying a Ph.D at
the Department of Information Management,
Yuan Ze University, Taiwan. Her research
interests in medical information and
telemedicine under guidance of Dr. Jui-chien
Hsieh. She is a gynecologist and work as chief
of Obestetrics and Gynecology Department in
New Taipei City Hospital, New Taipei City
Government, Taiwan. She obtained master’s
degree of business administration at College of
Management, Yuan Ze University. Her contact address is No.3, Sec. 1,
New Taipei Blvd., Sanchong Dist, New Taipei City 241, Taiwan.

©2019 Int. J. Pharm. Med. Biol. Sci.

Jui-chien Hsieh is the director of Medical
Informatics & Telemedicine Lab, works as an
assistant professor of the Information
Management Department at Yuan Ze
University in Taiwan. He obtained his Ph.D.
and M.S. degrees from the program of
Biomedical Engineering at Rutgers University,
New Brunswick, New Jersey, U.S.A. His
research interests include medical informatics,
computational biology, and pervasive health.
His contact address is the Department of Information Management, Yuan
Ze University, 135 Yuan Tung Road, Chungli, Taoyuan 320, Taiwan.

137

