
ORIGINAL ARTICLE

Effects of heart rate variability biofeedback on cardiovascular
responses and autonomic sympathovagal modulation
following stressor tasks in prehypertensives
S Chen1,2,4, P Sun1,3,4, S Wang1, G Lin1 and T Wang1,3

Autonomic dysfunction is implicated in prehypertension, and previous studies have suggested that therapies that improve
modulation of sympathovagal balance, such as biofeedback and slow abdominal breathing, are effective in patients with
prehypertension at rest. However, considering that psychophysiological stressors may be associated with greater cardiovascular risk
in prehypertensives, it is important to investigate whether heart rate variability biofeedback (HRV-BF) results in equivalent effects
on autonomic cardiovascular responses control during stressful conditions in prehypertensives. A total of 32 college students with
prehypertension were enrolled and randomly assigned to HRV-BF (n= 12), slow abdominal breathing (SAB, n= 10) or no treatment
(control, n= 10) groups. Then, a training experiment consisting of 15 sessions was employed to compare the effect of each
intervention on the following cardiovascular response indicators before and after intervention: heart rate (HR); heart rate variability
(HRV) components; blood volume pulse amplitude (BVPamp); galvanic skin response; respiration rate (RSP); and blood pressure.
In addition, the cold pressor test and the mental arithmetic challenge test were also performed over two successive days before
and after the invention as well as after 3 months of follow-up. A significant decrease in HR and RSP and a significant increase in
BVPamp were observed after the HRV-BF intervention (Po0.001). For the HRV analysis, HRV-BF significantly reduced the ratio of
low-frequency power to high-frequency power (the LF/HF ratio, Po0.001) and increased the normalized high-frequency power
(HFnm) (Po0.001) during the stress tests, and an added benefit over SAB by improving HRV was also observed. In the 3-month
follow-up study, similar effects on RSP, BVPamp, LF/HF and HFnm were observed in the HRV-BF group compared with the
SAB group. HRV-BF training contributes to the beneficial effect of reducing the stress-related cardiovascular response in
prehypertensives by improving autonomic sympathovagal modulation.
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INTRODUCTION
It is widely accepted that prehypertension (PHT) is associated
with a high risk of progression to hypertension and
cardiovascular disease later in life and leads to an increased
risk of cardiac morbidity and mortality.1–4 Many factors contribute
to the pathology of PHT, such as genetics, hormones, age,
lifestyle, psychophysiological factors and metabolic factors.
However, psychophysiological stress is currently suggested to be
one of the most important risk factors in the initiation
and progression of high blood pressure (BP).5–7 Acute stress
impairs endothelial function and produces short-lasting
increases in arterial pressure and HR,8,9 and individuals with
hypertension or PHT10 display enhanced cardiovascular responses
to stress.11

Mechanistic studies have shown that acute12 and chronic
stress13–15 most likely affect the hypothalamic–pituitary–adrenal
axis and the autonomic nervous system directly leading to
enhanced sympathetic cardiovascular activity, which contributes
to increased arterial pressure16,17 or arrhythmias.18 Moreover, a
growing body of evidence suggests the existence of autonomic
dysregulation such as a decrease in heart rate variability (HRV) and

baroreflex sensitivity as well as an increase in sympathetic activity
in stressed individuals13,14,19 and prehypertensives exposed to
psychophysiological or psychosocial stress.15,20,21 Although these
studies strongly imply the effect of stress in the progression of
hypertension, the lack of epidemiologic evidence and clinical
guidelines for stress management has encouraged patients to
seek alternative medicine.
Our previous studies have demonstrated the benefits of heart

rate variability biofeedback (HRV-BF) and slow abdominal breath-
ing (SAB) on BP control in subjects with hypertension or PHT at
rest.22–24 Enhanced parasympathetic activity and subdued sympa-
thetic activity are also observed after both interventions. However,
cardiovascular responsiveness and recovery to acute stressors
are considered to be more preferred prognostic indicators in
hypertension or PHT,25–27 and studies have been designed to
assess the effects of HRV-BF or SAB on autonomic function in the
presence of stress. Thus, the present study was conducted to
examine whether prehypertensives exhibit signs of autonomic
dysregulation and overreactivity of cardiovascular responses
during acute stress. We also aimed to test the additional
hypothesis that alternative medicine approaches such as HRV-BF
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or SAB modulate stress-related autonomic nervous system
dysregulation and reduce arterial pressure.

MATERIALS AND METHODS
Participants
A total of 32 volunteers (8 females; aged 19–23) with a confirmed diagnosis
of PHT according to the current criteria,10 which include systolic BP
between 120 and 139mmHg and/or diastolic pressures between 80
and 89mmHg, were considered for participation in this study.
Subjects with symptoms or clinical criteria suggestive of cardiopulmonary,
metabolic or major psychiatric diseases were excluded. None of the
participants were receiving medical treatment before enrollment,
and they were required to abstain from food or drink for 2 h before the
training procedure and from caffeine on the day of training to control
for the impact of these variables on autonomic cardiovascular
responses. A BioTrace Advanced Physiological Monitoring and Feedback
System (Mind Media B.V., Herten, Netherlands) was used to process the
data acquired from the Spirit Nexus-16B Biofeedback System (Mind
Media B.V.), and the R–R-interval data from the electrocardiogram
(ECG) as well as other physiological data such as galvanic skin response
(GSR), respiratory rate (RSP), BP and BVPamp were simultaneously
collected both at rest and during the training procedures and
stress tests.
First, the baseline characteristics of the subjects with PHT were

compared with 26 (6 females; aged 19–23) normal blood pressure healthy
volunteers (NBP). The PHT subjects were then randomized to a HRV-BF
group (n= 12), a SAB group (n= 10) or a control group (n= 10). Ethics
approval was granted by Sun Yat-Sen University Institutional Ethics
Committee and all participants provided informed consent in accordance
with the National Institutes of Health on medical research and ethical
guidelines.

Materials and procedure
The experiment was conducted in a quiet, dimly lit room with a constant
temperature of 26± 2 °C and a relative humidity of 60–70% and included
15 training sessions performed twice a week over 2 months. Each session
lasted 40min with the initial 5 min for baseline recording, 30 min for
training and 5min for rest. The participants were also required to rest for
~ 15min to get adapted and were examined at the same time of day to
eliminate the impact of the fluctuation in physiological parameters. Details
of the HRV-BF procedure have been described elsewhere.24 Briefly,
subjects were instructed to breathe abdominally following the respiratory
pacer at the particular frequency with the highest amplitude of low-
frequency HR oscillations, which is a resonance frequency in the
individual’s cardiovascular system. It is determined by characteristics of
the baroreflex system, and is the respiratory frequency at which the
amplitude of HRV is maximized.28 Spectral analysis was performed on
cardiac interbeat interval data within the 0.005–0.4 Hz band. Spectral data
were updated approximately every second.
Subjects were instructed to increase their respiratory sinus arrhythmia

by breathing with the pacer to increase the power spectrum peak that
occurred at approximately resonance frequency with the goal of maximally
increasing the respiratory sinus arrhythmia amplitude. Throughout the
sessions, subjects in the HRV-BF group were required to practice breathing
at his or her own resonance frequency at home for a 30-min period twice a
day using a respiratory audio guide. Subjects in the SAB group breathed at
6 cycles min− 1 and were required to practice breathing at this respiratory
rhythm at home for a 30-min period twice a day using a respiratory audio
guide. Subjects in the control group were instructed to breathe
spontaneously and sit in front of the computer screen with no
intervention.
A stress reactivity–recovery test was performed preintervention and on

the following 2 days after the interventions, as well as at the 3-month
follow-up including the cold pressor test (CPT) and the mental arithmetic
challenge test (MAT). Subjects were invited to sit in a comfortable armchair
for a 10-min adaptation after placement of the sensors. ECG, BVP and RSP
data were recorded during the resting phase (baseline, duration= 10min),
CPT phase (CPT, duration= 2min), MAT phase (MAT, duration= 2min) and
recovery phase after either the CPT or MAT (recovery, duration= 10min).
The CPT and MAT were presented in a counterbalanced order over two
successive days to prevent order effects. For the CPT, which served as a
physical and passive stressor, participants were asked to immerse his/her

left hand in icy cold water (5 °C) up to the wrist for 2 min. For the
MAT, which served as a psychological and active stressor,
participants were required to perform digit subtraction with audio-taped
instructions.
During the stress tasks, subjects were instructed to breathe

spontaneously and not to move, talk, laugh or mentally pace their
breathing rate to exclude the confounding influence of slow-paced
respiration.

HRV analysis
The electrocardiograph was recorded simultaneously with a sampling rate
of 512 samples s− 1 during each session to evaluate the R–R intervals. The
electrocardiograph (lead II) signal was amplified and processed using a
24-bit converter (Mind Media B.V.) and was transformed as the R–R
intervals. All the R–R-interval data were carefully checked through visual
screening to exclude all the undesirable beats (that is, to ensure that the
analysis of each segment was free of movement artifacts and/or sharp
transients in the signal due to premature beats), which accounted for
o1% in each subject. Extra or missing beats were replaced with
R–R intervals calculated by linear interpolation from adjacent cycles.
R–R intervals for each studied segment were assessed with fast Fourier
transform to calculate the spectral components of HRV, from which high-
frequency power was used as an indicator of parasympathetic activity.
Normalized high-frequency power (HFnm) and the ratio of low-frequency
power to high-frequency power (the LF/HF ratio) were employed as
an indicator of sympathovagal balance,29 despite the presence of
controversial results.30 In the present study, HFnm is calculated as HF/HF
+LF+VLF.

Statistical analysis
Data were analyzed using SPSS 13.0 (SPSS Inc., Chicago, IL, USA). The
results are reported as the mean± s.e.m. unless otherwise indicated. Log10
transformation was applied for variables derived from the spectral HRV
analysis (HF, HFnm) to control for skewness.
A one-way analysis of variance was applied to compare the baseline

characteristics between NBP and PHT; a mixed-effects model analysis of
variance was applied to compare the cardiovascular responses and
autonomic changes during the stress reactivity–recovery tests between
NBP and PHT, and statistical significance was defined by two-tailed tests at
Po0.05.
Repeated measures linear mixed models (LMM) analyses were applied to

examine the effects of interventions on the autonomic changes across
each 2-min segment of stress–reactivity–recovery, with random intercepts
and adjustments for age, sex, body mass index and stress tasks. LMM
analysis was also adjusted for the serious correlation between repeated
measurement across the testing protocol. Each LMM tested the main effect
for interventions, stages, the stressor-by-stage interaction and the time-by-
treatment interaction. Only those effects with Po0.1 were included in the
final model. Random intercepts were used to control for variability
between individuals.

RESULTS
Baseline characteristics of NBP and PHT
As shown in Table 1, no significant differences were observed in
age, gender and height between the NBP and PHT subjects.
However, weight, body mass index, systolic blood pressure (SBP)
and diastolic blood pressure (DBP) were significantly higher in the
PHT subjects (Po0.05). HR and GSR were higher in the PHT group,
whereas HF and HFnm were lower compared with subjects in the
NBP group (Po0.05) at rest.
During the stress reactivity–recovery tests, subjects in the PHT

group exhibited intense HR, RSP and GSR responses (Po0.01)
during MAT and slower post-MAT recovery was observed in HR,
GSR and BVPamp (Po0.01). Slower post-CPT recovery was
observed in BVPamp (Po0.01) in the PHT subjects compared
with the NBP subjects as shown in Figure 1. Furthermore,
prehypertensives also displayed a marked increase in the LF/HF
ratio during MAT (Po0.01) and post-CPT recovery (Po0.01) as
well as a significant reduction in HF during post-CPT recovery
(Po0.01) compared with the NBP subjects (Figure 2). These
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findings suggested that prehypertensives exhibit sympathovagal
balance dysfunction with decreased vagal activity and increased
sympathetic arousal.

Effects of HRV-BF and SAB on BP
As shown in Figure 3, HRV-BF produced a marked decrease in
both systolic blood pressure (from 131.58 ± 8.41 mmHg to
116.17 ± 9.25 mmHg, Po0.01) and DBP (from 81.33 ± 3.06 mmHg
to 71.17 ± 7.12 mmHg) compared with the control group. Reduc-
tions in SBP (from 126.70 ± 5.56mmHg to 115.10 ± 4.18 mmHg,
Po0.01) and DBP (from 80.30 ± 6.27mmHg to 72.90 ± 3.96
mmHg, Po0.01) were also observed post-SAB intervention
compared with the controls. However, no significant difference
between the HRV-BF and SAB interventions was found in the
reduction of BP, whereas based on the 3-month follow-up study,
HRV-BF exhibited a tendency toward added benefits over SAB in
SBP (Po0.05) and DBP (Po0.05) reduction.

Effects of HRV-BF and SAB on HR, BVPamp, GSR and RSP during
the stress reactivity–recovery test
We applied repeated measures LMM to access the main effect of
HRV-BF and SAB on autonomic cardiovascular responses in
prehypertensives in stress tests. The results are shown in Table 2
and indicated that HR and RSP were significantly decreased and
BVPamp was increased following 15 sessions of HRV-BF interven-
tion (Po0.01) and compared with the control group (Po0.01).
Identical effects of reduction in HR and RSP and an increase in
BVPamp were also observed after SAB intervention (Po0.01)
and compared with the control group (Po0.01). However, no
superiority was shown for HRV-BF compared with SAB in the post-
intervention study. More detailed information could be found in
Supplementary Figure 1.
The 3-month follow-up study also showed a significant

reduction in RSP (Po0.01) and an increase in BVPamp (Po0.01)
after HRV-BF intervention, whereas a similar effect in HR was not
observed. A significant decrease in RSP (Po0.05) and a significant
increase in BVPamp (Po0.05) in the SAB group were observed in
the follow-up study. No significant change was observed in GSR in
either the post-intervention or follow-up study. However, HRV-BF
exhibited a significant decrease in RSP (Po0.05) and a significant

Table 1. Baseline characteristics of prehypertensives and
normotensive subjectsa

Parameters NBP (N= 26) PHT (N= 32) P-value

Age (years) 21.08± 0.26 21.5± 0.18 0.197
Gender (M/F) 20/6 24/8 0.821
Height (cm) 166.75± 1.2 170± 1.86 0.149
Weight (kg) 55.75± 1.03 61.67± 2 0.012a

BMI (kgm− 2) 20.04± 0.27 21± 0.37 0.043a

SBP (mmHg) 104.92± 0.7 130± 1.34 o0.001a

DBP (mmHg) 65.42± 0.63 80.58± 0.93 o0.001a

HR (b.p.m.) 68.39± 0.99 71.48± 1.63 0.04a

RSP (breathsmin− 1) 15.32± 0.35 16.25± 0.42 0.185
GSR (mSimens) 1.56± 0.15 6.02± 1.08 0.004a

BVPamp 18.54± 2.46 17.3± 1.70 0.313
LF/HF 0.73± 0.10 0.92± 0.04 0.093
logLF 2.85± 0.06 2.82± 0.57 0.78
logHF 3.18± 0.08 2.98± 0.07 0.03a

logLFnm 1.43± 0.03 1.51± 0.03 0.226
logHFnm 1.64± 0.02 1.57± 0.02 0.001a

Abbreviations: BMI, body mass index; BVPamp, blood volume pulse
amplitude; DBP, diastolic blood pressure; F, female; GSR, Galvanic skin
response; HR, heart rate; HF, high-frequency power from 0.15 to 0.4 Hz;
HFnm, normalized high-frequency power after application of a mathema-
tical ratio on HF:HFnm=HF/(TP−VLF)100; LF, low-frequency power from
0.04 to 0.15 Hz; LFnm, normalized low-frequency power after application of
a mathematical ratio on LF:LFnm= LF/(TP− VLF)100; LF/HF, ratio of the
LFnm over the HFnm; M, male; NBP, normal blood pressure subjects; PHT,
prehypertensive subjects; RSP, respiration rate; SBP, systolic blood pressure.
Differences of baseline characteristics in rest between prehypertensive and
normotensive subjects. *Po0.05 versus NBP. aValues are mean± s.d. or
number.

Figure 1. Cardiovascular responses in PHT and NBP subjects following stressor tasks. CPT, cold pressor test; MAT, mental arithmetic challenge
test; r, recovery. *Po0.01 versus NBP group.
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increase in BVPamp (Po0.05) compared with SAB based on the
3-month follow-up study. More detailed information could be
found in Supplementary Figure 2.

Effects of HRV-BF and SAB on HRV components during the stress
reactivity–recovery test
Table 3 shows the HRV parameters for the pre-treatment, post-
HRV-BF, post-SAB and post-control groups. Significant increases in
HF and HFnm and decreases in LF/HF were observed following 15
sessions of HRV-BF intervention (Po0.01) and compared with the
control group (Po0.01). Similar effects were observed after SAB
intervention (Po0.01). HRV-BF also revealed the superiority over
SAB in modulating cardiac autonomic activity by increasing HF or
HFnm and decreasing LF/HF (Po0.01). More detailed information
could be found in Supplementary Figure 3.

The 3-month follow-up study on HRV components suggested
that the significant effect on parameters that is reflective of
sympathovagal balance such as LF/HF, HF or HFnm was
sustainable for at least 3 months after both HRV-BF and SAB
interventions (Po0.05). Meanwhile, HRV-BF also exhibited
added benefits over SAB in modulating LF/HF, HF or HFnm at
the 3-month follow-up (Po0.01). More detailed information could
be found in Supplementary Figure 4.

DISCUSSION
Sympathetic overreactivity, which is described as an excessive
hypothalamic drive due to excessive environmental stimuli,31 has
been persistently discussed in essential-hypertensive subjects or
even in subjects with early-stage hypertension. Conflicting
findings on cardiovascular reactivity to laboratory stressors in
hypertensive and prehypertensive subjects have been reported on
autonomic cardiovascular regulation in hypertension, possibly
because differing methods of autonomic assessment were used,
including muscle sympathetic nerve activity, variability of R–R
intervals and baroreflex sensitivity.32,33 Multiple indices reflecting
cardiovascular reactivity were investigated in the present study,
which showed a delayed BVPamp recovery in both CPT and MAT
in prehypertensives and indicated relatively more lasting sympa-
thetic reactivity to laboratory stressors.34 The results of enhanced
HR, RSP and GSR in MAT rather than CPT were also consistent with
the work of Eliasson et al.,35 which demonstrated that mental
stressors may lead to a stronger cardiovascular and adrenosympa-
thetic reaction than physical stressors, and this enhanced
autonomic reaction in the presence of mental stressors might
further extend to everyday emotional occurrences, which could be
one of the most common causes in subjects with high BP.36–39

These findings also indicated that sympathetic overreactivity
might occur in the prehypertensive stage.
Moreover, analysis of HRV offered a further indication of

sympathetic–vagal imbalance in prehypertensives. There are two

Figure 2. Autonomic function evaluated by HRV analysis in
prehypertensives and NBP subjects following stressor tasks. Log10
transformation was applied for variables derived from the spectral
analysis of HRV (HF, HFnm) in order to control for skewness.
*Po0.01 versus NBP group.

Figure 3. Effects of HRV-BF and SAB on blood pressure in
prehypertensives in rest and in 3-month follow-up study. *Po0.05
versus Pre-intv; **Po0.001 versus Pre-intv; #Po0.05 versus control;
+Po0.05 versus SAB.
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peaks involved in the frequency domain of HRV analysis called the
low-frequency peak and the high frequency peakHF, which are
consistently assumed to be mediated, respectively, by cardiac
sympathetic and parasympathetic activity predominantly; there-
fore, despite the controversy,40 the LF/HF ratio as well as HFnm is
logically applied to evaluate the balance between sympathetic
and vagal modulation.41 Moreover, it is believed that normalized
units or the LF/HF ratio of R–R-interval variability provides the
strongest correlations with attendant changes in muscle sympa-
thetic nerve activity.42 Our results revealed an increased LF/HF
ratio during both CPT and MAT as well as decreased HF or HFnm
during recovery in CPT, which illustrates the combination of
increased sympathetic and reduced vagal drive.
The effectiveness of stress reduction and relaxation, including

HRV-BF and SAB, in lowering BP has been investigated for over 40
years. However, the mechanisms responsible for the BP-lowering
effect induced by biofeedback or SAB remains incompletely
understood. Our results suggested that both HRV-BF and SAB
regulate and rebalance the sympathetic–vagal balance, resulting
in significantly decreased HR and RSP and increased BVPamp
during stress tests, which are largely maintained during the
3-month follow-up, suggested that favorable alterations in
autonomic nervous system balance may be due to breathing at
higher cardiorespiratory fitness, which is also correlated with
lower resting BP.43,44 No significant changes in GSR during stress
after either HRV-BF or SAB might be due to the higher sensitivity
of GSR to external stimuli and psychological activity compared
with electrocardiogram and electroencephalogram. Moreover,
individual differences in baseline might also affect the analysis
of the present results that major differences in GRS were observed
among individuals in the same environment as well as on different
experimental days.

Consistent with the clinical findings in hypertension or
coronary heart diseases,45,46 we found that the HF or HFnm was
increased, whereas the LF/HF ratio was decreased under stressful
conditions after both HRV-BF and SAB; a similar effect was
observed in the follow-up study, which indicated that HRV-BF
enhances the capacity for tolerance and recovery from stressful
conditions.24,47,48 Furthermore, HRV-BF also offered advantages
over SAB in increasing vagal activity, which was particularly
significant in the 3-month follow-up. The benefits of biofeedback
over SAB regarding automatic rebalancing indicated that the
participation of direct or indirect feedback signals might
strengthen self-regulation and learning capacity on cardiovascular
autonomic function and resulted in long-lasting effects.
Our present study revealed an intense BP reduction by HRV-BF,

which was slightly different from our previous studies22–24 and is
consistent with other relaxation therapies involving respiratory
training.49,50 The greater BP reduction in our study may also be
attributed to the younger subjects as demonstrated by Nolan
et al.45 as well as the dose–response effects related to training
repetitions described by Elliott et al.51

In summary, the present findings support the assumption that
HRV-BF may have beneficial effects on prehypertensives under
stress conditions by reducing the cardiovascular responses and BP
as well as improving autonomic sympathovagal modulation,
suggesting that HRV-BF may serve as a novel behavioral coping
strategy for pathophysiologically stress-related cardiovascular
diseases. Further studies are required to investigate the connec-
tion between the medullary neural activity in the cardiorespiratory
network and the cortical frontal-limbic circuits within the central
autonomic network. The nerve–endocrine mechanisms, including
the modulation of the hypothalamic–pituitary–adrenal axis and
inflammatory factors, should also be investigated.

Table 2. Effects of HRV-BF and slow abdominal breathing on cardiovascular responses in prehypertensives following stressor tasks and 3-month
follow-up

Predictors HR β± s.e.a P-value RSP β± s.e. P-value GSR β± s.e. P-value BVPamp β± s.e. P-value

HRV-BF vs Pre-intv − 6.93± 1.59 o0.001b − 2.29± 0.44 o0.001b − 0.26± 0.55 0.64 5.59± 1.33 o0.001b

SAB vs Pre-intv − 6.44± 1.18 o0.001b − 1.87± 0.47 o0.001b − 0.14± 0.43 0.74 4.26± 1.56 0.01c

HRV-BF vs SAB 0.49± 1.21 0.69 0.43± 0.4 0.29 − 0.12± 0.32 0.43 1.33± 1.72 0.44

3-month follow-up
HRV-BF vs Pre-intv − 2.62± 1.55 0.09 − 2.28± 0.48 o0.001b − 0.54± 0.48 0.26 8.1± 1.43 o0.001b

SAB vs Pre-intv − 0.44± 1.31 0.72 − 1.08± 0.47 0.02c − 0.01± 0.43 0.98 3.87± 1.47 0.01c

HRV-BF vs SAB − 2.18± 1.54 0.16 − 1.2± 0.51 0.02d − 0.53± 0.3 0.081 4.23± 1.66 0.01d

Abbreviations: HR, heart rate; HRV-BF, heart rate variability biofeedback; RSP, respiration rate; SAB, slow abdominal breathing. aUnstandardized coefficients are
reported as β± s.e. bPo0.01 versus Pre-intv. cPo0.05 versus Pre-intv. dPo0.05 versus SAB.

Table 3. Effects of HRV-BF and slow abdominal breathing on autonomic function evaluated by HRV analysis in prehypertensives following stressor
tasks and 3-months follow-up

Predictors LF/HF β± s.e.a P-value logHF β± s.e. P-value logHFnm β± s.e. P-value

HRV-BF vs Pre-intv − 1.01± 0.25 o0.001b 0.27± 0.06 o0.001b 0.26± 0.03 o0.001b

SAB vs Pre-intv − 0.56± 0.15 o0.001b 0.18± 0.06 0.005b 0.19± 0.03 o0.001b

HRV-BF vs SAB − 0.46± 0.18 0.01d 0.09± 0.04 0.03d 0.07± 0.03 0.026d

3-month follow up
HRV-BF vs Pre-intv − 0.81± 0.25 0.002b 0.23± 0.07 o0.001b 0.18± 0.04 o0.001b

SAB vs Pre-intv − 0.22± 0.15 0.04c − 0.08± 0.07 0.23 0.06± 0.03 0.03c

HRV-BF vs SAB − 0.59± 0.2 0.004d 0.15± 0.09 o0.001d 0.13± 0.04 o0.001d

Abbreviations: HF, high frequency; HFnm, normalized high frequency; HRV-BF, heart rate variability biofeedback; LF, low frequency; SAB, slow abdominal
breathing. aUnstandardized coefficients are reported as β± standard error (SE). bPo0.01 versus Pre-intv. cPo0.05 versus Pre-intv. dPo0.05 versus SAB.
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What is known about topic
● HRV-BF may have a beneficial effect on prehypertensives under

stress conditions by reducing cardiovascular responses and BP.
● Heart rate variability biofeedback (HRV-BF) may modulate stress-

related autonomic nervous system dysregulation suggesting that
HRV-BF may serve as a novel behavioral coping strategy for
pathophysiologically stress-related cardiovascular diseases.

What this study adds
● Assessing the effects of HRV-BF or SAB on cardiovascular

responsiveness and recovery under acute stressors in
prehypertensives.

● Assessing the effects of HRV-BF or SAB on autonomic sympathova-
gal modulation in the presence of stress in prehypertensives.
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