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ABSTRACT 
 

Background: Heart rate variability biofeedback (HRVB) is an approach to ameliorate conditions 

in which HRV is relatively low. Some patients with paroxysmal atrial fibrillation (AF) 

show increased adrenergic tone in their paroxysms. 

 

Methods: We conducted this study to determine the effects of HRVB on patients with 

paroxysmal AF. Thirty-one patients (11 women) at an average age of 58±10 years (38–79 

y) with paroxysmal AF were included in the study. Of these, 19% had AF during 

exertion; 29% during rest; and in the remaining 52%, episodes were mixed. A 24-hour 

ambulatory Holter monitoring was done before and after 5 weeks of biofeedback training. 

 

Results: The interpretation of Holter monitoring disclosed that high frequency changed 

significantly after HRVB. Clinically, 12 patients felt better, 4 patients felt worse, and 15 

patients felt no obvious change. Low frequency and more importantly very low frequency 

decreased, which was due to a decrement in sympathetic tone. 

 

Conclusions: HRVB in patients with adrenergic AF might reduce their episodes of paroxysmal 

AF and help them feel better. (Iranian Heart Journal 2021; 22(2): 68-76) 
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he cyclic variances in the sinus rate 

over time are termed “heart rate 

variability (HRV)”. There are 2 

methods for the analysis of HRV: time-

domain analysis,
 1

 which is a statistical 

analysis of fluctuations in the sinus rate 

defined in terms of sinus R-R intervals over 

time, and frequency domain analysis (power 

spectrum analysis),
 2

 which decomposes 

heart rate signals into their frequency 

T 
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components and quantifies them in terms of 

their relative intensity, termed “power”.
 3

 

HRV is related to cyclical fluctuations in 

autonomic tone. Frequency domain studies 

have provided strong evidence that HRV 

reflects oscillations in sympathetic-

parasympathetic balance.
 4

 Power spectrum 

analysis facilitates the separation of 

sympathetic (low-frequency [LF]) and 

parasympathetic (high-frequency [HF]) 

activity. 

The power spectrum consists of 3 major 

frequency bands ranging from 0 to 0.5 HZ. 

The HF band (0.02–0.35 HZ) is associated 

with parasympathetic activity, whereas the 

LF band (0.02–0.05 HZ) is attributed to 

sympathetic and parasympathetic activity, 

but predominantly by the latter.
 5
 

A very-low-frequency band (VLF, 0.01–0.04 

HZ) has also been identified and proposed as 

a marker of sympathetic activity. 
6
 

The total power (TP) of the heart signal is 

represented by the total area under the power 

spectral curve. 

There is a high degree of correlation 

between the respiratory rate and the HF 

component, which is associated with 

parasympathetic activity. Increments in 

sympathetic activity increase the LF 

component and the LF/HF ratio. 

Low vagal activity, defined in terms of low 

HRV and low HF power, is associated with 

a variety of disease states and increased risks 

of mortality.
 7, 8

 

Atrial fibrillation (AF) is the most common 

clinically treated arrhythmia and the most 

common cause of arrhythmia hospitalization. 
9
 

With its increasing incidence and a linear 

incremental relationship with age, 
9 

AF 

increases the risk of mortality, stroke, and 

heart failure.
 10

 

Lone AF or paroxysmal AF refers to AF that 

occurs in patients who have no hypertension 

or any evidence of structural heart disease. 

Based on the autonomic setting, paroxysmal 

AF is classified clinically into vagotonic 

(25%), which occurs during relaxation or 

sleep, adrenergic (15%), which occurs 

during strenuous exercise, and mixed form. 
9
 

HRV is implicated for the evaluation of the 

effects of the vagus nerve and the 

sympathetic autonomic system on the heart. 

It is possible to change the rate of sinus 

arrhythmia by changing the tidal volume and 

the respiratory rate and consequently the 

beat-to-beat heart rate. 

Recent years have witnessed substantial 

support for heart rate variability biofeedback 

(HRVB) for a variety of disorders and 

performance enhancement. 
11

 

Since conditions as widely varied as asthma, 

irritable bowel syndrome, and migraine 

appear to respond to this form of 

cardiorespiratory feedback training, the issue 

of possible mechanisms becomes more 

outstanding. The most supported possible 

mechanism is the strengthening of 

homeostasis in the baroreceptor. 
12

 

We conducted this study to evaluate the 

effects of biofeedback training in patients with 

paroxysmal AF using a monitoring device to 

record physiological processes and help 

patients control their physiological responses. 
 
 

METHODS 
 

For the purposes of the present study, 31 

patients with paroxysmal AF were trained 

and their HRV was measured via a 24-hour 

Holter monitoring before and after 5 weeks 

of biofeedback training. The breathing 

protocol was repeated twice a day (each time 

for a quarter of an hour). 

The breathing protocol consisted of asking 

the subjects to observe their HRV in phase 

with abdominal breathing or to use a 

monitor (ViATOM Portable ECG/EKG 

Monitor CheckMe Pro Doctor with APP & 

PC Report) while breathing deeply at 6 to 8 

breaths per minute (Fig. 1). 
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Figure 1: The image shows the ViATOM Portable 

ECG/EKG Monitor CheckMe Pro Doctor. 

 

The subjects were encouraged to deepen and 

slow the expiratory phase to enhance their 

parasympathetic activity. They were also 

taught to recognize HRV and to note 

alterations by counting their heart rates and 

noting the circumstances surrounding changes. 

Self-regulation therapies constitute a group 

of behavioral approaches used to help 

patients exercise voluntary control over 

various cardiovascular diseases. These 

therapies include muscle relaxation, self-

hypnosis, and various meditation methods. 

When the treatment includes the use of a 

monitoring device to record physiological 

processes and to help patients control their 

physiological responses, the method is 

termed “biofeedback”. Patients are engaged 

in goal-directed activities that are designed 

to increase their skill and efficacy in 

reaching a physiological target through 

performance-based biofeedback.  

HRV was measured using standardized 

methods described. For instance, Kleiger et 

al
 13

 recorded 2 leads of ECG for 24 hours 

on Holter tape cassette recorders. In another 

investigation, the power spectral analysis of 

the R-R interval sequence allowed the 

fractionation of the effects of sympathetic 

and parasympathetic influences on the heart 

rhythm. 
14

 These patients did not take any 

antiarrhythmic drugs. 

Statistical Analysis 
Data are reported as frequencies 

(percentages) for categorical variables and 

medians (interquartile ranges) for continuous 

variables. The one-sample Kolmogorov–

Smirnov test was used to examine normality. 

The χ
2 

test and the Fisher exact test were 

applied for categorical variables. The 

Wilcoxon signed-rank test was utilized to 

evaluate the association between variables 

lacking normal distributions. SPSS, version 

18, (SPSS, IBM) was employed to analyze 

the data. A P value of less than 0.05 was 

considered statistically significant. 
 

 

RESULTS 
 

Thirty-one patients with paroxysmal AF 

were included in this study. Twenty patients 

(64.5%) were male and 11 (35.5%) were 

female. The average age of the patients was 

58.5±10.5 years (38–79 y). Of these 

patients, 5 (19%) had paroxysmal AF during 

activity, 9 (29%) had paroxysmal AF during 

rest or sleep; and in the remaining 17 (52%), 

episodes were mixed. 

After 5 weeks of biofeedback training, 12 

patients (39%) felt better clinically (ie, they 

reported fewer or shorter episodes of AF), 4 

(13%) felt worse, and the remaining 15 

(48%) patients reported no change after 

biofeedback training. 

The analysis and comparison of the 

frequency domain and the power spectrum 

before and after HRVB revealed a 

statistically significant difference in the HF 

band before and after training (P<0.000). 

Nonetheless, the other components did not 

show such a difference (Fig. 2). 

Considering TP, VLF, LF, and HF, despite a 

statistically significant difference in terms of 

HF, all the other components based on the 

mean rank were improved and the patients 

felt better. In those who reported better 

conditions (fewer episodes, shorter episodes, 
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or better tolerance) HF, LF, and VLF showed 

significant differences: HF was high, whereas 

LF and VLF were low by comparison with 

the same parameters before training. 

In the patients who reported feeling worse, 

HF, LF, and VLF were higher than the same 

parameters in the control state. In the 

patients who did not notice any change, all 

the parameters were higher than the same 

parameters in the control state (Table 1). 

Among the patients who reported AF during 

rest, 33% felt worse, 11% felt better, and 

56% felt no change. HF and LF exhibited a 

rise after training. 

Among the patients who reported AF during 

exercise, 66% felt better, while 34% noticed 

no change. In these patients, whereas HF 

demonstrated a rise, LF and VLF had a drop 

following training (Table 2). 

Among the patients who did not report a 

correlation between AF and either activity or 

rest, 43% felt better, 7% felt worse, and 50% 

had no change. In this group, HF increased 

and LF decreased after training. 

There was no difference between both sexes 

regarding biofeedback training. 

 

 

Table 1: Analysis of mean + SD based on the clinical status of the patients  

Clinical Status  Mean SD Minimum Maximum 
Percentiles 

(25-75) 

unchanged (n=15) 

HF0 515.1 1042.9 23 3986 174 (70-384) 

HF1 626.1 1225.3 46 4505 143 (88-405) 

LF1 610 612.3 18 2521 483 (209-745) 

LF2 667.8 604.5 8 2112 454 (226-1185) 

VLF0 1036.7 588.9 80 1914 1219 (610-1439) 

VLF1 1125.8 573.5 57 1965 1375 (510-1541) 

TP0 2461.9 2414.2 174 10473 1919 (1449-2316) 

TP1 2943 2916 128 11262 1938 (1733-2630) 

Better (n=12) 

HF0 1670 3804.7 56 13228 175 (58-939) 

HF1 3390.7 9251.7 77 32456 251 (89-1153) 

LF1 1846.8 3942.3 120 14131 365 (232-1698) 

LF2 782.8 890.5 110 2967 329 (202-1140.8) 

VLF0 2094.8 3491.2 506 13064 1081 (699-1379) 

VLF1 1185.8 806.9 403 3091 914.5 (611.5-1737.5) 

TP0 7340.6 16208.6 730 58088 1837 (1005.8-4330) 

TP1 3476.4 3993.9 678 12278 1642.5 (1060.8-3539.3) 

Worse (n=4) 

HF0 526.3 697.2 50 1531 262 (52.3-1264.5) 

HF1 953.3 1424 81 3063 334.5 (87-2438.3) 

LF1 639.3 518.4 204 1243 555 (205.5-1157.3) 

LF2 1048.3 816 184 2095 957 (310.5-1877) 

VLF0 1114.8 632.1 590 1952 958.5 (608.5-1777.3) 

VLF1 1158.8 488.8 687 1833 1057 (755.3-1663.5) 

TP0 2516.5 1800 976 5064 2013 (1130-4406) 

TP1 3750.8 4368.5 1272 10288 1721.5 (1319-8211.8) 

In patients with clinical improvement, HF was higher, whereas LF and VLF were lower than the values before training. 
HF, High frequency; LF, Low frequency; VLF, Very low frequency  
 
 

Table 2: Comparison of the response in different types of AF (upper) and clinical status (lower) to HRVB 

Type of AF HF1 - HF0 LF2 - LF1 VLF1 - VLF0 TP1 - TP0 

Mixed 
Z -2.068b -0.310c -0.569c -0.362b 

P value 0.039 0.756 0.569 0.717 

Rest 
Z -2.666b -0.652b -1.125b -1.718b 

P value 0.008 0.515 0.260 0.086 

Exercise  
Z -2.201b -1.992c -2.201c -1.992c 

P value 0.028 0.046 0.028 0.046 



     
     Ira

n
ia

n
 H

e
a
rt Jo

u
rn

a
l; 2

0
2
1; 2

2
 (2

) 

Heart Rate Variability Biofeedback and AF Sadr-Ameli et al 

 

 
72 

Frequency components in 3 groups of AF before and after HRVB 
HF, High frequency; LF, Low frequency; VLF, Very low frequency; TP, Total power; AF, Atrial fibrillation; HRVB, Heart 
rate variability biofeedback 
 
 

Clinical Status HF1 - HF0 LF2 - LF1 VLF1 - VLF0 TP1 - TP0 

Unchanged 
Z -2.442b -0.625b -0.511b -1.193b 

P value 0.015 0.532 0.609 0.233 

Better 
Z -2.275b -1.726c -2.040c -1.098c 

P value 0.023 0.084 0.041 0.272 

Worse 
Z -1.826b -.730b 0.000d -.365b 

P value 0.068 0.465 1.000 0.715 

Frequency components in different clinical responses after HRVB 
 
HF, High frequency; LF, Low frequency; VLF, Very low frequency; TP, Total power; AF, Atrial fibrillation; HRVB, Heart 
rate variability biofeedback 
 
 

 
Figure 2: The image depicts the spectral analysis before and after biofeedback training. 

HRVB, Heart rate variability biofeedback 
 

 

DISCUSSION 
 

For all the studies on HRV in AF, 
15-20

 there 

is a paucity of data regarding HRVB in 

paroxysmal AF. 

Of our 31 patients with paroxysmal AF, 12 

patients (39%) felt better after training. 

Among our study population, 4 subjects had 

adrenergic, 1 vagal, and 7 mixed or random 
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forms of paroxysmal AF. In the patients who 

reported feeling better (ie, fewer or shorter 

episodes of AF), HF exhibited a rise, whereas 

LF and VLF had a decline after training. 

Four patients felt worse: 3 had vagotonic 

paroxysmal AF and 1 had a mixed form. In 

these patients, HF increased slightly, but LF 

and VLF increased after training. 

Sixteen patients (48%) reported no 

improvement after training. In these patients, 

HF, LF, and VLF exhibited a rise. The reason 

for improvement (fewer or shorter episodes 

or better tolerance of paroxysms) in these 

patients, which was not expected, could be 

due to the similarity of biofeedback training 

to meditation and decrement of inflammation
 

offered by increasing vagal tone.
 29

 

Boon et al
 16

 reported that shorter HRV signals 

predicted episodes of paroxysmal AF in 80% 

of their cases. Wiegand et al
 17

 reported a 

significant increase in the time-domain 

component of HRV 10 seconds before the 

onset of AF. Vandenberg et al
 18

 showed that 

HRV in patients with AF was related to vagal 

tone. Vikman et al
 19

 postulated that increased 

HRV in all major power spectral bands was 

associated with the late recurrence of AF after 

cardioversion. Enhanced vagal tone, reflected 

as increased HF, seems to predict specifically 

the early recurrence of AF after cardioversion. 

Ahsan et al
 20

 concluded that the autonomic 

nervous system played a crucial role in the 

development, propagation, and complexity of 

AF. Assessment of autonomic involvement 

may assist in explaining why certain patients 

with AF do not benefit from cardioversion or 

ablation. 

Agarwal et al 
21

 reported that cardiac 

autonomic dysfunction, as shown by low-

resting short-term HRV, was associated with 

the increased incidence rate of AF. Friedman 
22 

reported that an increased left atrial 

dimension was correlated with reduced HRV. 

In recent years, there has been substantial 

support for HRVB for a variety of disorders 

and performance enhancement.
 23

 

Gevirtz 
24

 reviewed all the available 

literature on the outcomes of HRVB. He 

looked at the following application 

categories: asthma, chronic obstructive 

pulmonary disease, irritable bowel 

syndrome, cyclic vomiting, recurrent 

abdominal pain, fibromyalgia, cardiac 

rehabilitation, hypertension, chronic muscle 

pain, pregnancy-induced hypertension, 

depression, anxiety, post-traumatic stress 

disorder, insomnia, and performance. 

 Bernston et al 
25

 posited the effect of the 

vagal afferent pathway on the frontal 

cortical area. During HRV biofeedback, the 

amplitude of heart rate oscillations grows to 

many times the amplitude at rest, while the 

pattern becomes simple and sinusoidal. 
26

 

Respiratory sinus arrhythmias can also reflect 

aspects of autonomic function. They are 

controlled entirely by the vagus nerve, such 

that the vagus nerve outputs to the sinoatrial 

node primarily occur only during exhalation. 

Greater vagus nerve traffic will, therefore, 

produce greater amplitudes of respiratory 

sinus arrhythmias, such that many 

investigators have equated respiratory sinus 

arrhythmias (or HF HRV) with cardiac vagal 

tone or parasympathetic influence on the heart. 

However, longer exhalation and slower 

respiration may also increase the amplitude of 

respiratory sinus arrhythmias, possibly 

independently of the vagus nerve traffic, since 

the vagus nerve output occurs for relatively 

longer periods with each breath. 
23, 27

 

Lehrer et al 
28

 found large increases in 

baroreflex gain (number of beats per minute 

change in the heart rate per 1 mm Hg change 

in blood pressure) during HRV biofeedback 

(ie., the baroreflex operates more strongly). 

It is known that the vagal system interacts 

closely with the inflammatory system, such 

that increases in the vagus nerve traffic 

(usually produced by electrical vagal 

stimulation) are associated with decreases in 

serum levels of various inflammatory 

cytokines. 
29
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HRV has been shown to be a good predictor 

of survival in severe cardiovascular diseases. 

This approach can be used for the 

management of AF, especially to control the 

ventricular rate. Biofeedback training helped 

control the ventricular rate as reported in a 

very small study.
 30

 

Wan-Ling Chang
 

et al 
31

 concluded that 

HRVB was a promising intervention for 

improving autonomic function, cognitive 

impairment, and psychological distress in 

patients with acute ischemic stroke. 
32

 

Cowan et al
 11

 reported the average 24-hour 

power spectrum of 6 patients before and 

after 5 weeks of training. All the patients 

showed a marked increase in power spectral 

density in the HF components (0.20–0.35 

Hz) after biofeedback training. The authors 

concluded that after HRVB, HF peaked due 

to increased parasympathetic components, 

although these HF components were 

completely absent before training. Further, 

they showed that LF components were 

slightly decreased, suggestive of a 

decrement in sympathetic activity. 

Nolan et al
 34

 studied patients with coronary 

artery disease who experienced 

psychological stress. They reported that 

HRVB could augment vagal recovery from 

acute stress and concluded that HRV 

biofeedback could enhance vagal HR 

regulation while facilitating psychological 

adjustment to CAD. The authors also found 

significant increases in HF HRV between a 

physical stressor task and a stress recovery 

period for their treatment group only. 

Some studies have reported no significant 

differences in HF following HRVB.
 35, 36

 

Wheat et al 
33

 argued that this finding is not 

against improvement in vagal tone after 

training as there are 2 autonomic pathways 

and their data are reflective of vagal activity 

only from 1 pathway. 

Kanmanthareddy
 

et al 
30

 discussed 

alternative medicines such as yoga, 

acupuncture, and biofeedback. They argued 

that biofeedback could be implicated in the 

management of AF, especially to control the 

ventricular rate. 

We think that our training sessions and 

periods were relatively more encompassing 

than those in the aforementioned studies. 
 

 

CONCLUSIONS 
 

HRVB may be implicated in paroxysmal 

AF, especially adrenergic paroxysmal AF (if 

LF and VLF decrease after training), to 

alleviate symptoms. The results of the 

present study should be verified by 

investigations recruiting larger numbers of 

patients with paroxysmal AF. 

 

Limitations: The limitations of our study 

are its small study population, 

nonrandomized design, and short follow-up. 
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