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Hypertension

Long-Term Effect of Device-Guided Slow
Breathing on Blood Pressure Regulation and
Chronic Inflammation in Patients with Essential
Hypertension Using a Wearable ECG Device
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Chen-Hsu Wang, ™" Hui-Wen Yang,3# Han-Luen Huang,“ Cheng-Yi Hsiao,l Bun-Kai Jiu,1 Chen Lin*® and Men-Tzung Lo™®

Background: Hypertension is related to autonomic nervous system (ANS) dysfunction, atherosclerosis and chronic
inflammation. The stimulation of baroreflex regulation by slow-breathing exercise may improve the interplay
among these systems. The objective of this study was to investigate the effect of device-guided slow breathing on
ANS, cardiovascular system and chronic inflammation in hypertensive patients.

Methods: We prospectively collected 36 essential hypertension patients who were requested to practice slow-
breathing exercise 5 times per day for 3 months. The breathing exercise was guided by a cellphone app with a
wearable electrocardiography device and a rhythm of 6 cycles per minute. Cardiovascular indicators including
heart rate variability (HRV), blood pressure, pulse wave velocity and baroreflex indexes were sampled 3 times: at
the first visit, and 1 month and 3 months after the intervention. The levels of blood inflammatory biomarkers,
including tumor necrosis factor-alpha (TNF-a), interleukin-6, interleukin-1 receptor antagonist and C-reactive protein
were also collected at all 3 visits. The longitudinal differences in these variables and their correlations were tested.
Results: There was a significant decrease in blood pressure after 1 month of exercise. A significantly continuous
decrease in TNF-o. was also observed. The baroreflex indexes were significantly increased in the acute intervention
of slow-breathing but not in the longitudinal effect. The HRV variables did not show differences with time. There
were positive correlations between sympathetic index and TNF-a and galectin-3.

Conclusions: The effect of slow-breathing exercise on blood pressure and chronic inflammation was significant.

HRV indexes may also be used to assess chronic inflammation.
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INTRODUCTION

The World Health Organization estimated that 1.13
billion people worldwide have hypertension, but fewer
than 20% people have the problem under control. In Tai-
wan, a large survey of ~50,000 participants showed that
26.1% of the participants had an elevated pharmacist-
measured blood pressure (BP) (> 140/90 mm Hg). More-
over, even among those who were receiving treatment
for hypertension, 36.9% still had poor BP management.!
In those with coronary heart disease, chronic kidney dis-
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ease or age over 75 years, a lower target systolic BP (<
120 mm Hg) is suggested.2 In addition to atherosclero-
sis, desensitization of baroreflex due to sympathetic
hyperactivation is one of the most important causes of
hypertension,s'4 and it has also been shown to increase
variations in blood pressure®”’ and the risk of end-organ
damage.®"! Furthermore, dysfunction of the autonomic
nervous system (ANS) in these patients, and especially
over activation of the sympathetic system, has been
shown to increase the risks of the most fatal cardiovas-
cular diseases, particularly heart attack, myocardial in-
farction and stroke."*™

The maladaptation of ANS function can alter the
systemic inflammatory response through pro- and anti-
inflammatory pathways modulated by the ANS system.16
An increase in acetylcholine (parasympathetic activa-
tion) inhibits the secretion of numerous inflammatory
cytokines, including tumor necrosis factor (TNF) and
interleukins (IL)-1, IL-6 and IL-18,"” while the release of
norepinephrine and epinephrine (sympathetic activa-
tion) increases the production of TNF***® and IL-6.”%** A
chronic low-grade pro-inflammatory state may be caused
by altered ANS activity by impairing the reaction of the
hypothalamic-pituitary-adrenal axis,”>>® and it has been
shown to be independently associated with atheroscle-
rosis in patients with essential hypertension®**> beyond
merely playing an integral part in the pathogenesis of
hypertension.z‘s‘28 Therefore, the interplay among ch-
ronic inflammation, atherosclerosis and ANS function
should be measured and considered simultaneously to
better understand the progression and severity of hy-
pertension during treatment.

Breathing exercise is a validated nonpharmacolo-
gical intervention in hypertension control.”>** Although
the underlying mechanisms have yet to be fully eluci-
dated, ANS stimulation of baroreceptors during pro-
longed inhalation and exhalation may increase baro-
reflex sensitivity (BRS) and reduce sympathetic activ-
ity and chemoreflex activation.?***
have shown the effect of slow breathing exercise on
BRS, BP and ANS function.?*3>3¢ However, to the best
of our knowledge, no previous study has investigated
the effect of breathing exercise on chronic inflamma-

Several studies

tion.
Recent improvements in wearable devices which
provide heart rate variability (HRV) analysis, atrial fibril-
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lation detection and blood pressure monitoring may
provide real-time biofeedback on the effectiveness of
breathing exercise. Electrocardiography (ECG)-based
analysis of HRV has been shown to be able to nonin-
vasively quantify the function of ANS, and some HRV pa-
rameters have been suggested to be correlated with in-
flammatory factors such as C-reactive protein (CRP) and
white blood cells.*”* Properly integrating information of
autonomic systems could provide an alternative, non-
invasive way to assess neural-regulated immunity. There-
fore, in this study, we investigated the longitudinal ef-
fect of (1) device-guided breathing exercise (DGSB) on
BP, ANS function, baroreflex activity, vascular stiffness,
and chronic inflammation, and (2) the correlation be-
tween device-derived HRV and blood inflammatory
markers in hypertensive patients.

Hypothesis

e Three-month DGSB exercise may induce significant
BP changes in subjects with essential hypertension.

e There might be changes in autonomic modulation, such
as HRV indicators, pulse wave velocity (PWV) and BRS
in subjects with essential hypertension before and after
3 months of DGSB exercise.

e There might also be differences in inflammatory bio-
markers before and after 3 months of DGSB exercise in
these subjects with essential hypertension.

METHODS

Subject selection

This was a prospective observational study. We re-
cruited 46 essential hypertension patients who visited
the outpatient clinic at National Taiwan University Hos-
pital between May 2015 and June 2016. The inclusion
criteria were patients who received medications and
had good lifestyle control. The ages of the patients ran-
ged from 35 to 75 years. Patients with recent medica-
tion titration related to BP or ANS function within 2
weeks, with recent major surgery or admission within 1
year, who had a history of anemia, asthma, thyroid dys-
function or autonomic neuropathy, or lived at high alti-
tudes or had recently visited high mountainous areas for
more than 1 week were excluded from this study. All
subjects agreed and were willing to practice DGSB exer-
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cise for 3 months and visit the clinic 3 times for data col-
lection. All subjects were requested to keep a routine
diet, lifestyle and drugs during the 3-month study pe-
riod.

DGSB exercise

The subjects were requested to perform DGSB five
times per day over the 3 months. At the first visit, the
subjects were instructed to perform the DGSB exer-
cise using a wearable ECG wrist band (MiCor A100,
MITAC Corp., Taiwan) which was later brought home
by the subjects. The respiratory frequency was 6 brea-
thes per minutes and lasted for 3 minutes. During the
breathing exercise, the rhythm of inhalation and exha-
lation was visually guided by a smartphone app, in
which an interface of a six-petal flower was presented
(corresponding to the 6 cycles of breathing per min-
ute). The length of the petal grew with corresponding
cardiopulmonary coupling, i.e. the respiratory sinus
arrhythmias that induced rhythmic changes in heart-
beat intervals were synchronized with the guided re-
spiratory rhythm (Figure 1). The larger the amplitude
of the respiratory sinus arrhythmia, the longer the
length of the petal.

Data collection

The time points of the three visits were: (1) base-
line, when the patient first visited the clinic and agreed
to participate, (2) 1 month after baseline (noted as
1M), and (3) 3 months after baseline (noted as 3M).
The subjects were asked to refrain from alcohol and
caffeine intake within 24 hours before the visit for data
collection. During each visit, the following data were
collected by trained nursing personnel: (1) basic char-
acteristics: body height, body weight and body mass
index (BMI); (2)BP, including systolic (SBP), diastolic
(DBP) and mean artery pressure (MAP); (3) three ECG
recordings, each for 2 minutes, for heart rate and HRV
analysis using the same type of ECG wristband (MiCor
A100, MIiTAC Corp., Taiwan); (4) brachial-ankle pulse
wave velocity (baPWV) measurement in the supine po-
sition using a Colin VP-2000 system (Omron Inc., Japan)
on both the right side and left side of the body; (5) BRS,
measured by continuous BP and heartbeat interval re-
cordings monitored using a Nexfin system (BMEYE Co.,
Ltd., USA). The BRS was recorded in two situations:

spontaneous breathing session at rest, and during DGSB.
The subjects were asked to rest for the first 3 minutes,
and then the BRS was measured for 5 minutes during
spontaneous breathing. Afterwards, the subjects were
asked to perform DGSB exercise, during which the BRS
was measured simultaneously for 5 minutes; the low-
frequency components (0.1 Hz) at the frequency spec-
trum of BP and RRI were defined as BP; and RRy;, re-
spectively. BRS was calculated as the ratio of BP; and
RRi. (6) Whole venous blood samples (3-5 cm?®) were
obtained, and 1~2 cm?® was taken for biochemical anal-
ysis. The levels of blood inflammatory markers, including
TNF-a, IL-6 and IL-1 receptor antagonists (IL-1ra/IL-
1F3), galectin-3 and CRP were analyzed according to
the standard protocol at the laboratory of the recruit-
ing hospital.

HRV analysis

ANS function was measured using HRV analysis de-
rived from the ECG recordings from the wearable de-
vice at each visit. The built-in protocol for HRV analysis
was 2 minutes long. Three consecutive measurements
were made in each patient, and the average was used
for analysis. The ECG recordings were sent to the smart-
phone immediately after each measurement and saved
to the cloud server provided by the device manufac-
turer. We retrieved the raw data of ECG recordings and

Guidance

-~

Inhale

Instantaneous
RR intervals

Figure 1.

The graphical user interface of our Device Guided Slow Brea-
thing (DGSB). During the breathing exercise, a pump at the right of the
screen with an increasing/decreasing bar indicating inhale (a)/exhale
(b). The length of the petal (c) changes with respect to the instanta-
neous changes in heartbeat interval (RR) due to respiration.
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performed HRV analysis offline using a standard proto-
col which was described in detail in our previous arti-
cle.”® In brief, the R-peak was identified by an automatic
algorithm. Artifacts or ectopic beats were replaced by
interpolated beats derived from the nearest valid data.
If the proportion of artifacts or ectopic beats was > 5%,
the recording was excluded from study. HRV indexes
were performed on these RR intervals (RRI). Time do-
main analysis included standard deviation of RRI (SDNN),
proportion of RRI that was > 50 msec (pNN50), and
root mean square standard deviation (RMSSD). Frequ-
ency domain analysis was conducted by summing the
power spectrum of RRI within the low frequency range
0.04-0.15 Hz (LFP) and high frequency range 0.15-0.4
Hz (HFP). SDNN, pNN50, RMSSD, and HFP are indica-
tors of the activity of parasympathetic nervous system,
while the ratio between HFP and LFP defines low-high
ratio (LF/HF ratio) and indicates sympathetic nervous
system (SNS) activity.

Statistical analysis

Measurements of BP, baPWV, HRV indexes and blood
inflammatory biomarkers were compared among the
three visits. In all the statistical tests, normality was as-
sessed using the Shapiro-Wilk test. If the data were nor-
mally distributed, repeated measures ANOVA was per-
formed for each of the measurements, and post hoc
comparisons among baseline and 1M/3M were per-
formed using the Tukey HSD test. Otherwise, Friedman
repeated-measures analysis of variance on ranks was
used, with the Student-Newman-Keuls test for post hoc
comparisons between baseline and 1M/3M. In addition,
for the outcome variables that had significant interven-
tion effects, two-way repeated measures ANOVA was
used to explore the effects of comorbidities (either co-
ronary artery disease, hyperlipidemia or diabetes) on
the intervention. For BRS, two-way repeated measures
ANOVA was performed to test the effect of treatment
time, test conditions (resting or DGSB session) and their
interactions.

Ethics

Written informed consent was obtained from each
patient before enrollment. All procedures were approved
by the Ethical Committee of National Taiwan University
Hospital (20150406RINB).
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RESULTS

General characteristics of the participants

Initially, 46 patients with essential hypertension were
enrolled in this study, of whom seven were lost to fol-
low-up, two were excluded owing to refractory arrhy-
thmias, and one withdrew because of poor compliance
to self-practice DGSB exercise with blood pressure mea-
surement protocol. A total of 36 subjects (male/female
= 22/14) finished the 3-month follow-up protocol and
completed data collection. The average age of these 36
subjects was 59.4 + 9.0 years, and the BMI was 25.9 +
3.1 kg/m?%. The summary of clinical characteristics of
these 36 subjects is shown in Table 1. During the 3-
month follow-up period of DGSB training, none of the
subjects changed their prescriptions of hypertension
medication. In addition, fasting glucose, triglycerides,
high-density lipoprotein and low-density lipoprotein in
the blood biochemistry profiles were all well controlled
in the subjects.

Blood pressure and baPWV
Figure 2(A) demonstrates the changes in BP in the

Table 1. Clinical characteristics of 36 subjects who finished the
3-month self-practice DGSB exercise training

Variable Mean £ SD (percentage)
Age 59.4+9.0
Gender: male 22 (61.1%)
Body mass index (kg/m?) 259+3.1

Comorbidity

Coronary artery disease 20 (55.6%)

Hyperlipidemia 18 (50.0%)
Diabetes 10 (27.8%)
Current medications
Statin 19 (52.8%)
Beta-blockers 24 (66.7%)
Calcium channel blockers 16 (44.4%)
ACEI/ARB 23 (63.9%)
Biochemistry sampling
Triglyceride (mg/dL) 143.3+69.6
Total cholesterol (mg/dL) 172.6 £33.3
HDL-cholesterol (mg/dL) 46.2 +10.5
LDL-cholesterol (mg/dL) 96.1+35.4
Fasting serum glucose (mg/dL) 102.7+22.8

ACEI, angiotensin converting enzyme inhibitor; ARB,
angiotensin receptor blocker; DGSB, Device Guided Slow
Breathing; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; SD, standard deviation.
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non-dominant hands of the subjects during the self-
practice DGSB exercise training period. There was no
significant difference between the SBP measurements at
baseline, 1M and 3M. However, the DBP and MAP showed
significant decreases between the measurements at
baseline, 1M and 3M (p < 0.05). A post-hoc analysis
showed significant changes in DBP and MAP (both p <
0.05) from baseline to 1M and baseline to 3M; the change
from 1M to 3M was not significant. The effects of DGSB
training on MAP and DBP were not significantly different
between the patients with or without comorbidities (all
p > 0.05). There were no significant differences in right
baPWV or left baPWV in any of the subjects during the
3-month follow-up period (Figure 2(B)).

Baroreflex sensitivity

On the three visits during the experiment (baseline,
1M and 3M), BP; and RR;, which are the low-frequency
components (0.1 Hz) of BP and heart rate, respectively,
increased significantly during the DGSB intervention com-
pared to spontaneous breathing sessions. This signifi-
cant difference was observed in all three visits (Figure
3). However, the differences in BP; and RR; between
DGSB exercise and resting did not change during the
study period, i.e. the effect of the interaction between
time and session was not significant (Figure 3). There
was no significant time effect on these two variables.
BRS did not show a significant difference between rest-
ing and DGSB sessions, nor in the three different visits.

Heart rate variability
Table 2 shows the HRV parameters of SDNN, pNN50,
RMSSD, HFP and LF/HF ratio of the subjects at baseline,
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Figure 3.  The effect of device-guided slow breathing exercise on baro-

reflex sensitivity related indexes between resting session and slow-
breathing session during the 3-month period. (A) Baroreflex sensitivity.
(B) The low-frequency component (0.1 Hz) of blood pressures (BPf). (C)
The low-frequency component (0.1 Hz) of heartbeat intervals (RR.¢). * p
<0.05.
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Changes in blood pressures (A) and brachial-ankle pulse wave velocity (baPWV) (B) during the 3-month period of device-guided slow

breathing. MAP, mean artery pressure. RbaPWV, baPWV of the right side; LbaPWV, baPWV of the left side.
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Table 2. Changes in heart rate variability (HRV) parameters during the 3-month period of DGSB

Variable Baseline 1 month 3 month
SDNN (ms) 28.68 £13.70 26.83 +£15.62 27.29 £16.00
PNN50 (%) 7.65+15.22 5.22+12.92 5.45 +14.97
RMSSD (ms) 22.91+17.13 19.64 +£18.73 19.06 + 18.64
HFP (msz) 219.21 +£322.10 179.74 £ 424.17 76.95 +350.79
LF/HF ratio (msz) 2.708 £3.124 1.213 +4.307 0.848 + 3.657

DGSB, Device Guided Slow Breathing; HFP, high frequency power (0.15-0.4 Hz) of heartbeat series; LF/HF ratio, the ratio between
HFP and LFP [low frequency power (0.04-0.15 Hz) of heartbeat series]; pNN50, proportion of heartbeat intervals that are larger
than 50 msec; RMSSD, root mean square standard of heart rate intervals; SDNN, standard deviation of heartbeat intervals.

1M and 3M during the period of 3-month DGSB exercise
training. There were no significant differences in the
three visits in any of the HRV parameters.

Blood inflammatory biomarkers

Figure 4 demonstrates the changes in blood inflam-
matory biomarkers during the experiment. TNF-o. showed
a significant continuous decline during the 3-month
training period: the difference was significant after 1
month of DGSB exercise training (p < 0.05), and it de-
clined further after 3 months of training (p < 0.05). The
level of decrease in TNF-a was not significantly different
in the patients with or without comorbidities (all p >
0.05). However, the other biomarkers including IL-6,
IL-1ra, galectin-3 and CRP did not show significant dif-
ferences during the study period.

Correlation between HRV and blood inflammatory
biomarkers

Table 3 shows correlations between HRV parameters
and blood inflammatory biomarkers. There were signifi-
cant positive correlations between the sympathetic indi-
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Figure 4. Changes in blood inflammatory biomarkers during the 3-
month period of device-guided slow breathing. CRP, C-reaction protein;
IL-1ra/IL-1F3, interleukin-1 receptor antagonist; IL-6, interleukins-6;
TNF-a, tumor necrosis factor-alpha. * p < 0.05.
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cator, LF/HF ratio, and the two inflammatory biomar-
kers, TNF-a and galectin-3. The correlations between
LF/HF ratio and IL-6, IL-1ra/IL-1F3 and CRP were not sig-
nificant. There was also a negative correlation between
SDNN and CRP (p < 0.05). There were no significant cor-
relations between the other parasympathetic indicators,
including pNN50, RMSSD and HFP, and the blood inflam-
matory biomarkers.

DISCUSSION

To the best of our knowledge, this is the first fol-
low-up study to investigate the long-term effects of a
real-time DGSB biofeedback intervention on chronic in-
flammation and DGSB on BP, ANS, arterial stiffness in

Table 3. Correlation between heart rate variability and blood
inflammatory biomarkers. Values presented are
correlation coefficients (R-square)

LF/HF
SDNN pNN50 RMSSD HFP .

ratio
TNF-o (pg/ml) -0.014 0.013 0.045 -0.002 0.294"
IL-6 (pg/ml) -0.021 0.097 0.114 0.063 0.046
IL-1ra/IL-1F3 (pg.ml) 0.000 -0.032 0.002 0.034 0.012
Galectin-3 (ng/ml) -0.135 -0.138 -0.037 0.014 0.316"
CRP (ng/ml) -0.184* -0.020 -0.042 -0.079 0.165

* p<0.05; " p <0.001.

CRP, C-reaction protein; HFP, high frequency power (0.15-0.4
Hz) of heartbeat series; IL-1ra/IL-1F3, interleukin-1 receptor
antagonist; IL-6, interleukins-6; LF/HF ratio, the ratio between
HFP and LFP [low frequency power (0.04-0.15 Hz) of heartbeat
series]; pNN50, proportion of heartbeat intervals that are
larger than 50 msec; RMSSD, root mean square standard of
heart rate intervals; SDNN, standard deviation of heartbeat
intervals; TNF-a, tumor necrosis factor-alpha.
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patients with hypertension in Taiwan. The main findings
are as follows. First, DGSB decreased BP, especially DBP,
at the first month of the intervention, and this effect
was preserved during the intervention at the third month.
Second, DGSB significantly decreased TNF-a, but other
blood inflammatory biomarkers including IL-6, IL-1ra,
galectin-3 and CRP did not show significant differences
among the three time period points. Third, an immedi-
ate effect of DGSB on BRS could be seen on the low-fre-
guency component of BP and heart rate but not in their
respective ratio, which is the BRS index. The effect was
independent of the long-term practices in DGSB. Fourth,
HRV indexes derived from the wearable ECG device were
correlated with blood inflammatory biomarkers. In par-
ticular, the sympathetic index (LF/HF ratio) was nega-
tively correlated with galectin-3 and CRP.

DGSB and BP regulation

DGSB is an US Food and Drug Administration (FDA)-
approved adjunctive treatment for hypertension. Al-
though the evidence is conflicting,*" the effect of lower-
ing BP by practicing DGSB for more than 8 weeks is sup-
ported by many studies®**?
Class llA alternative approach by the American Heart As-
sociation.”? In our study, decreases in DBP and MAP in
the non-dominant hand were shown after DGSB training
for 1 month, and the effect of BP lowering was main-
tained after 3 months of DGSB.

Interestingly, we did not observe a longitudinal de-
crease in HRV or PWYV, indicating that the decrease in BP
was not due to changes in ANS function or vascular stiff-
ness. The possible mechanism of the decreased BP might
be an increase in BRS. Previous studies have shown that
acute electronic baroreflex stimulation therapy can de-
crease heart rate, plasma renin concentration, and pp3>3643
In this study, an acute enhancement of BRS was observed
in the significant increase in the low-frequency power of
RRI and BP with DGSB exercise. Although the mechanism
of how DGBS enhances BRS is not fully known, most of
the present evidence points to an increase in chemical
sensitivity or BRS*3*
SNS.>*** In the present study, there was no significant im-
provement in BRS indexes in the 3-month follow-up pe-
riod at rest or during DGSB. The hypothetical pathway of
the observed effect in lowering BP might be through a
decrease in respiratory rate during spontaneous breath-

and has been listed as a

and the inhibition of an overactive

ing, which further promotes BRS at rest. Future studies
monitoring ambulatory respiration during a follow-up pe-
riod of DGSB exercise are warranted to validate our find-
ings and to elucidate the underlying mechanisms.

DGSB and inflammatory biomarkers

Many studies have revealed the pathway and causal-
ity of blood inflammation markers in atherosclerosis. The
concentrations of CRP, IL-6, TNF-a. and galectin-3 have
been associated with the level of atherosclerosis and the
risk of cardiovascular disease.***® Our findings showed
that BRS mainly influence the degree of TNF-a; the de-
creasing trend was observed at both the first and third
months, while the underlying mechanism is unknown.
There were negative correlations between LF/HF and
TNF-a. as well as galectin-3 during the 3 months of DGSB,
indicating that the link between ANS and inflammatory
system became more prominent. One possible explana-
tion is that the strengthened sensitivity in chemorecep-
tors or baroreceptors by BRS also enhanced parasympa-
thetic nerve activity and concurrently intensified the mo-
dulation of neuro-immune circuits. Therefore, the in-
crease in anti-inflammatory response further decreased
TNF-a.. Nevertheless, the reason for the lack of differ-
ences in the other inflammation markers needs further
biochemical investigations.

Application of wearable ECG devices in DGSB, HRV
and blood inflammatory biomarkers

The previous contradictory results of the long-term
effect of DGSB on BP may be due to different experi-
mental designs, patient background, guiding interface
and compliance of the patients.” The superiority of our
DGSB design is the real-time biofeedback interface which
integrates instantaneous RRI changes derived from dry-
electrode ECG signals during DGSB, and provides imme-
diate evaluation of the synchronization between the
user’s respiration and the guiding rhythm. This may have
promoted DGSB training efficiency and user compliance.
In addition, the other advantage is the HRV data pro-
vided by dry-lead ECG, which is both a widely accepted
indicator of ANS function and also a promising biomar-
ker for assessing chronic inflammation.

Limitations
The DGSB in this study was carried out by self-prac-
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tice in a home setting. More than one-third of the pa-
tients did not finish five sets of the designed practice
protocol every day, even though a reminder was pro-
vided every day for each subject in this study. However,
> 90% of the subjects still completed at least three sets
of DGSB daily. The dosage effect for DGSB can be fur-
ther investigated in future studies. The small number of
subjects and lack of a control group may also limit the
generality of our results. Lifestyle changes due to ele-
vated alertness or the placebo effect cannot be ruled
out. Differences in DGSB training time and the environ-
ment that may have altered the effectiveness of DGSB
exercise are also unmanageable variables. Moreover, all
the examinations and measurements were performed in
the hospital, so the white coat effect may also have
biased the derived biomarkers.

CONCLUSION

The slow-breathing exercise guided by an interactive
ECG wearable device was able to increase the low-fre-
quency power of heart rate and BP; this might improve the
imbalance of ANS function. During the 3-month training
period, BP was significantly lowered in the patients with
hypertension. One of the blood inflammatory biomarkers,
TNF-a, was also decreased during the training period.
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