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Abstract
Purpose: Heart rate variability (HRV) provides information about sympathetic-parasympathetic balance. The 

effects of different types of physical exercises on HRV have been investigated so far. The purpose of the 
current study was to evaluate the chronic effects of six-week slow and controlled breathing exercise on 
HRV in physically active, healthy adults. 

Material: A total of 22 individuals (11 female, 11 male) participated in the study voluntarily. The experimental 
group (EG) attended to the breathing exercises for 15 minutes per day, three days a week for six weeks. 
Neither the EG nor the control group (CG) did join in any regular physical activity program during the 
study. Both groups participated in the HRV measurements before and after the six-week of process. 

Results: Only the EG showed statistically significant changes in some HRV parameters. The alterations observed in 
LF:HF ratio, HFnu, and LFnu parameters were to reflect the increase in parasympathetic activity. Although 
the changes in the other parameters of HRV such as SDNN, SDSD, RMSSD, TP, HF, LF, and VLF were also 
related to increased vagal activity, these alterations were not significant. However, no significant change 
was found in the CG. 

Conclusions: These results show that only the slow, controlled breathing exercises for six weeks could be used to 
improve parasympathetic activity in physically active individuals. A study could be designed where the 
duration is kept over 8 weeks, and the effects of physical exercises only, breathing exercises only, and 
physical + breathing exercises together on HRV are examined.
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Introduction1

Heart rate variability (HRV) can be defined as an 
electrocardiographic method which provides information 
about the both sympathetic and parasympathetic activity 
[1]. Due to the fact that autonomic nervous system (ANS) 
is considered as a marker of heart functions, and related 
to cardiovascular health, HRV has been widely used as a 
non-invasive method to evaluate the autonomic nervous 
system’s functions [2, 3]. In addition to the field of health 
sciences, HRV measurements are also used in sport and 
exercise sciences to monitor the recovery process after 
physical activities with different type and intensities [4-
6]. The general expectation is to increase the effectiveness 
of parasympathetic activity both in health and sport 
and exercise sciences. In order to increase either acute 
or chronic vagal activity, several exercise or recovery 
methods have been implemented so far [6-9], and an 
improved HRV was found related to enhanced level of 
physical fitness [10, 11].

Alternatively, to the physical exercises, breathing 
exercises have also been utilized to enhance the activity of 
ANS. It was reported that breathing could be considered 
essential for life as well as for protection from diseases 
and to improve quality of life, health and energy balance 
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[12]. Therefore, some studies investigated the effect of 
breathing exercises in different groups in the literature. For 
instance, Pal et al. [13] found an improved vagal activity 
as a response to the three-month slow breathing exercise in 
young, healthy subjects. In another study, the acute effect 
of slow breathing exercises was caused increased vagal 
activity when compared fast breathing exercises [14]. The 
effects of slow breathing exercises were examined also 
in individuals with some diseases. Some of these studies 
reported that controlled or uncontrolled slow breathing 
exercises caused a decrease in blood pressure [15, 16], 
an improvement in pulmonary functions [17, 18], chronic 
insomnia [19, 20], chronic heart failure [21], and anxiety 
[22]. As slow breathing exercise is a non-pharmacological 
method, and easy to perform, it was frequently utilized 
to improve the autonomic regulation in individuals with 
different diseases by researchers.

When studies are examined, it can be understood that a 
high level of vagal tone is associated with a lower level of 
disease. This emphasizes that an improved HRV provides 
a better level of health, and slow breathing exercise is one 
of the methods to enhance the HRV [23]. Although slow 
breathing exercises have been studied with an increasing 
interest in recent years, the number of the studies 
examining the chronic effects of slow breathing on ANS 
in healthy individuals is still limited. Therefore, the aim 
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of the present study was to investigate the chronic effects 
of six-week slow and controlled breathing exercises on 
the sympathetic and parasympathetic sub-branches of the 
autonomic nervous system in physically active, healthy 
adults. It was hypothesized that both time- and frequency-
domain parameters of HRV would statistically change 
showing an increase in parasympathetic activity in the 
experimental group.

Material and Methods
Participants
A total number of twenty-two healthy subjects 

participated in the study voluntarily. They were randomly 
divided into the experimental and control groups. 
Individuals with lower level of physical activity, who 
do not perform at least 150 min of physical activity at 
the level of 3-6 MET per week, athletes, and individuals, 
having any diseases, excluded from the study. Similarly, 
people, who had respiratory problems up to six months 
before the study, were also excluded from the study. All 
participants were informed about the study design, were 
explained about the possible benefits and risks of the 
research and were also taught the correct diaphragmatic 
breathing, in the first meeting. After familiarization, all 
subjects were given a written informed consent form 
which was prepared according to the Declaration of 
Helsinki (code DoH-Oct2013). Table 1 demonstrates 
information about the participants.

Study design
This study was designed to evaluate the effects of 

six-week slow, controlled breathing exercises on HRV in 
physically active, healthy individuals. In order to achieve 
this aim, subjects were taught the correct diaphragmatic 
breathing, to inhale through the nose and exhale through 
the mouth, in the first, familiarization meeting. After 
that, participants, in the experimental group, visited the 
laboratory 3 days a week, for six week and attended to 15-
min breathing exercise sessions. All subjects participated 
in the HRV measurements before starting the study and 
one day after the study ended.

Exercise protocol
The slow and controlled breathing exercises were 

performed in quiet room only by the experimental 
group. Breathing exercises were performed with 10 
sec of diaphragmatic breathing cycles (6 breaths/min), 
including 5 sec of inhalation and 5 sec of exhalation, for 
15 minutes per day, three days a week for six weeks. All 
the participants were in supine position one meter apart 
from each other during each breathing session, and they 

were asked not to move or speak during the exercise. To 
provide the subjects to easily track the 5 sec of inhalation 
and 5 sec of exhalation cycles, a large computer screen 
was projected on the ceiling showing the 5-sec time flow. 
This 15-min diaphragmatic breathing cycle was repeated 
3 days a week with a minimum interval of one-day break 
for six weeks.

HRV measurements
The HRV measurements, before and after the six-week 

breathing exercise program, in both groups were performed 
in the performance laboratory in a quiet environment. 
The humidity of the laboratory was kept under 50 %, 
and the temperature between 20-22° C by using an air 
conditioner. All the data were collected between 3 to 5pm 
in two separate days. Subjects were asked to stop eating 
at least two hours prior to the measurements. They were 
also warned not to exercise, and not to consume alcohol 
within the 24 hours before the test, and to urinate within 
the 30 min before the test. Participants’ caffeine intake 
was also limited within the previous 12 hours of the test. 
The data were obtained in supine position on a stretcher 
while the male participants were wearing only shorts and 
female participants shorts and sport bras. The HRV data 
were collected by using OmegaWave 800 (OW, Oregon, 
USA) device, and took each participant 5 minutes. Before 
the placement of three thoracic Wilson electrodes and four 
Limb electrodes subjects were told not to talk or move 
during the measurements, and after three min of resting 
phase the HRV recording was started. The parameters 
obtained from HRV recording were SDNN, SDSD, 
RMSSD, TP, HF, HFnu, LF, LFnu, and VLF.

Statistical analysis
All analyses were performed using the SPSS v.22 

(SPSS Inc., Chicago, IL, USA). At first, the distribution 
of data was tested to determine if the test to be used 
for average comparison is parametric or not. Normality 
distribution was tested with Shapiro Wilk, as in both 
groups the number of participants was below 50. Average 
differences were determined with the parametric Paired 
Sample t-Test for the data where distribution is normal 
and with the nonparametric Wilcoxon Test for the data 
where distribution was not normal. An alpha value of 0.05 
was accepted for all the statistical analyses.

Results
Table 2 represents the results of the tests performed 

before and after the six-week breathing exercises by the 
experimental group. According to the results it could be 
seen that the LF:HF ratio (p<0.01), HFnu and LFnu values 

Table 1. Demographic information of the participants.

Parameters
Age 

(year)
Body height 
(cm)

Body weight 
(kg)

Body mass 
index

Experimental Group (6 male, 5 female) 21.36 ± 1.56 175.36 ± 7.95 66.63 ± 11.83 21.55 ± 2.96

Control Group (5 male, 6 female) 23.10 ± 1.79 169.60 ± 6.70 59.80± 9.97 21.66 ± 3.28
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(p<0.05) changed statistically. The percentage alteration 
in LF:HF ratio was 34.17 %, in HFnu 25.69 %, and LFnu 
23.05 %. However, no statistically significant difference 
was found in SDNN, SDSD, RMSSD, TP, HF, LF, and 
VLF parameters in the experimental group.

Table 3 shows the results derived from the control 
group. When the findings, obtained from the control 
group, were examined, no statistically significant change 
was found in any of the HRV parameters.

Discussion
The present study aimed to understand the chronic 

effects of slow, controlled breathing exercises on HRV 
parameters in physically active, healthy individuals. 
Therefore, subjects participated in breathing exercises 
for 15 minutes per day, three days a week for six weeks. 
In accordance with the literature, respiratory rate was 
determined as six per minute [24]. Another substantial 
issue besides breathing rate was inhalation and exhalation 
time ratio (I:E ratio). Different types of I:E ratios have 
been investigated to observe the changes in HRV so far. 
While some studies have found that breathing with short 

inhale followed by long exhale is tending to increase the 
vagal activity more when compared breathing with long 
inhale followed by short exhale [25, 26], the I:E ratio did 
not affect the effectiveness of vagal tone in some other 
research [27-29]. Thus, each diaphragmatic slow breath 
cycle was consisted of 5 sec of inhale, and 5 sec of exhale 
components in the current research.

According to the results, statistically significant 
changes were seen only in the experimental group. These 
frequency-domain parameters of HRV were LF:HF ratio, 
HFnu, and LFnu. LF:HF ratio showed 34.12 % decrease 
(p<0.01). The LF:HF ratio is considered one of the 
most important components of HRV, and it is defined as 
sympathovagal balance. The LF:HF ratio is expected 0 to 2 
during the day, and increased LF:HF ratio is associated with 
sympathetic activity. Thus, observing 34.12 % decrease in 
LF:HF ratio in the present study could be explained with 
increased vagal tone. Similarly to LF:HF ratio, LFnu is 
also evaluated as a marker of both sympathetic and vagal 
activity. Therefore, decreased LFnu (23.05 %) could be 
related to the increased parasympathetic effect after six 
weeks of slow, controlled breathing exercises (p<0.05) 

Table 2. HRV results of the experimental group.

Parameters Pre-test Post-test P Change (%)
SDNN 43.27 ± 17.51 50.55 ± 19.56 0.299 + 16.82
SDSD 51.45 ± 33.60 58.36 ± 34.88 0.581 + 13.43
RMSSD 40.09 ± 26.22 46.00 ± 27.44 0.683 + 14.74
TP 745.73 ± 656.35 1021.64 ± 847.56 0.657 + 37.00
LF:HF 1.26 ± 0.62 0.83 ± 0.71 0.007** - 34.12
HF 365.64 ± 441.20 694.45 ± 697.53 0.213 + 89.92
HFnu 47.29 ± 12.66 59.44 ± 20.23 0.024* + 25.69
LF 317.18 ± 229.49 267.91 ± 183.37 0.534 - 15.26
LFnu 52.71 ± 12.66 40.56 ± 20.23 0.024* - 23.05
VLF 64.00 ± 37.53 58.82 ± 21.37 0.766 - 8.09

SDNN: standard deviation of all NN intervals; SDSD: standard deviation of the successive differences between adjacent 
NN intervals; RMSSD: square root of the mean of the sum of the squares of differences between adjacent NN interval; 
TP: total power [ULF+VLF+LF+HF (>0.4 Hz)]; LF:HF: ratio of LF-to-HF power; HF: absolute power of the high-frequency 
band (0.15-0.4 Hz); HFnu: normalized HF spectral power; LF: absolute power of the low-frequency band (0.04-0.15 Hz); 
LFnu: normalized LF spectral power; VLF: absolute power of the very-low-frequency band (0.0033-0.04 Hz). * p< 0.05; 
** p< 0.01

Table 3. HRV results of the control group.

Parameters Pre-test Post-test P Change (%)
SDNN 72.09 ± 26.30 71.73 ± 34.96 0.945 - 0.50
SDSD 102.73 ± 44.56 95.64 ± 65.89 0.606 - 6.90
RMSSD 81.27 ± 35.74 74.91 ± 51.63 0.547 - 7.82
TP 2283.73 ± 1722.94 2236.00 ± 2227.73 0.110 - 2.09
LF:HF 0.75 ± 0.67 0.78 ± 0.54 0.656 + 4
HF 1324.82 ± 1040.69 1322.09 ± 1558.88 0.286 - 0.20
HFnu 63.20 ± 17.61 59.89 ± 13.82 0.607 - 5.23
LF 836.91 ± 893.79 777.82 ± 747.30 0.722 - 7.06
LFnu 36.80 ± 17.61 40.11 ± 13.82 0.607 + 8.99
VLF 122.00 ± 69.71 136.09 ± 107.30 0.604 + 11.55

SDNN: standard deviation of all NN intervals; SDSD: standard deviation of the successive differences between adjacent 
NN intervals; RMSSD: square root of the mean of the sum of the squares of differences between adjacent NN interval; 
TP: total power [ULF+VLF+LF+HF (>0.4 Hz)]; LF:HF: ratio of LF-to-HF power; HF: absolute power of the high-frequency 
band (0.15-0.4 Hz); HFnu: normalized HF spectral power; LF: absolute power of the low-frequency band (0.04-0.15 Hz); 
LFnu: normalized LF spectral power; VLF: absolute power of the very-low-frequency band (0.0033-0.04 Hz). * p< 0.05; 
** p< 0.01
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when the changes in LF:HF and HFnu are taken into 
account [30]. Another finding showing improved vagal 
activity was HFnu with an increase of 25.69 % (p<0.05). 
Other frequency-domain parameters TP (+ 37 %), HF (+ 
89.92 %), LF (- 15.26 %), and VLF (- 8.09 %) did not 
show significant alterations. Although, the changes in 
time-domain parameters were also related to improved 
vagal activity, these were not statistically significant, 
contrary to the hypothesis. The SDNN (16.82 %), SDSD 
(13.43 %), and RMSSD (14.74 %) increased after the six-
week breathing exercises. Therefore, the duration of the 
study may be planned longer than six weeks in the future 
studies. In spite of the changes observed in experimental 
group, no significant change was observed in any HRV 
parameters in the control group.

There are number of studies in the literature which 
investigated chronic effects of different paced breathing 
exercises on individuals with chronic diseases. Das and 
Ferdousi [31] found increment in resting heart rate, 
short and long term SDRR values of HRV after three-
month slow breathing exercises in transfusion dependent 
thalassaemic patients. Mourya et al. [32] compared 
the three-month slow and fast breathing exercises on 
autonomic functions in patients with stage one essential 
hypertension, and reported that slow breathing was more 
correlated with an improved ANS activity. Again, after a 
three-month slow breathing exercises the average heart 
rate, mean RR intervals, SDNN, and RMS values of 
HRV measurement showed a significant improvement 
in patients with type 2 diabetes mellitus [33]. Since 
respiratory functions are highly correlated with HRV, and 
strengthening the respiratory muscles that help breathing 
[34] is considered as a result of breathing exercises, 
Han and Kim [17] investigated the effects of four-week 
breathing exercises combined with upper body exercises 
in adults. They found that both combined breathing and 
upper body training, and only breathing training caused 
significant increases in forced vital capacity (FVC) 
(p<0.05), and the forced expiratory volume (FEV) value 
was higher in combined training group. In a similar study 
it was found that three-month slow breathing exercises are 
more effective in some pulmonary functions such as FVC, 
FEV1, and FEV1/FVC in patients with major depressive 
disorder [18]. Kawecka Jaszcz et al. [21] found significant 
changes in physical exercise capacity, ejection fraction, 
and also sleep disorders after slow breathing exercises 
performed in patients with chronic heart failure with a 
frequency of 6 breaths per minute for three months. Zou 
et al. [35] stated in their meta-analysis that slow breathing 
could reduce the resting heart rate, and systolic and 
diastolic blood pressure in patients with cardiovascular 
diseases.

The chronic effects of slow breathing exercises in 
healthy individuals have also been examined in a limited 
number of studies. In some of them it was stated that 
activities such as yoga, involving slow breathing sessions 
named pranayama, can help to control and enhance the 
ANS by improving the parasympathetic activity [36-
38]. Turankar et al. [39] pointed that slow, controlled 

breathing exercise during the pranayama phase for 20 
minutes, twice a day for 7 days decrease resting HR, 
and sympathetic tone of the ANS. Each breathing cycle 
consisted of 6 sec inhales through the left nostril, 6 sec 
of hold and 6 sec of exhale through the right nostril. 
These changes, occurred only in 7 days, were observed 
in healthy male and female individuals. Another study 
which was performed in healthy adults showed that slow 
and controlled yoga breathing exercises five days a week 
for six months provides positive alterations in cardiac 
autonomic modulation by increasing the parasympathetic 
activity [40]. Each breathing session consisted of 5 cycles 
for 5 times with 2 min of resting intervals, and subjects 
did 3-6 breath/min during the whole implementation. 
Authors recorded significant changes in resting heart rate, 
SDNN, RMSSD, NN50, pNN50, Lfnu, Hfnu, and LF:HF 
ratio. In Tharion et al.’s study [41], healthy participants 
performed breathing exercises at a rate of 6 breaths per 
minute (4 sec of inspiration, and 6 sec of expiration time) 
for half an hour a day for one month, and statistically 
significant changes in HF power, LF+HF power, arterial 
blood pressure, and respiratory rate in the experimental 
group were found while it was reported no change in 
the control group. The findings of the above-mentioned 
studies are in line with the results of the current research. 
Accordingly, it can be seen that slow breathing exercises 
in different cycles reveal significant changes in different 
parameters of HRV.

As a result, the present study proved that slow and 
controlled breathing exercises provide enhancement in 
parasympathetic activity in physically active, healthy 
adults. When positive effects of an improved autonomic 
nervous system taken into account, this type of exercise 
could be recommended for healthy adults to improve 
their heart functions. Since HRV is highly correlated with 
cardiovascular and metabolic diseases, this could reduce 
the risk of prevalence to fatal diseases [23]. In addition, 
athletes can benefit from slow and controlled breathing 
exercises. When a rapid recovery in heart functions is 
aimed, athletes could implement slow breathing exercises 
at the end of a training session, especially after a vigorous 
physical activity. This would help with speeding up the 
recovery process. The duration of the study might be 
planned for more than six weeks or the number of slow and 
controlled breathing exercise sessions could be increased 
in future studies, since the substantial improvements 
observed in time-domain parameters were not significant 
in the current research. Future studies could also compare 
the effectiveness of physical and breathing exercises 
on HRV simultaneously, by adding a physical exercise 
group, a breathing exercise group, a physical + breathing 
exercise group, and a control group.
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