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THE CHANGES OF HEART RATE VARIABILITY IN RESPONSE  
TO DEEP BREATHING IN PROFESSIONAL SWIMMERS

Abstract: I n t r o d u c t i o n: The analysis of heart rate variability (HRV) is a useful tool for the eva-
luation of adaptation processes of autonomic nervous system (ANS) to physical exercise. The deep 
breathing test (DB) induces the increased activity of the parasympathetic component of ANS. The 
aim of the study was to evaluate the influence of DB on ANS activity in professional swimmers and 
non-trained persons.
M e t h o d s: The study included 10 healthy swimmers (5 women and 5 men, mean age 21 ± 2 yrs) 
in the transitory phase of their training cycle, and a control group comprising 31 healthy volunteers. 
The evaluation of ANS activity was based on the time and frequency domain indices of HRV deter-
mined at rest and during DB.
R e s u l t s: Compared to the controls, swimmers were characterized by significantly higher values of 
the following HRV indices determined at rest: mRR (902.9 ± 102.5 ms vs. 744 ± 67.5 ms, p <0.05), 
rMSSD (71.4 ± 46.9 ms vs. 41.3 ± 20.7 ms, p <0.05), pNN50 (28.3 ± 17.4% vs.14 ± 10.7%, p <0.05), 
LF (603.5 ± 208.2 ms2 vs. 445.2 ± 137 ms2, p <0.03). Also during DB test, the values of the following 
HRV indices of the swimmers were significantly higher than in the controls: mRR (899.2 ± 69.2 ms vs. 
766.4 ± 63.6 ms, p <0.05), SDNN (114.1 ± 45.1 ms vs. 79 ± 27.7 ms, p <0.05), rMSDD (81.9 ± 38.2 ms 
vs. 50.7 ± 27 ms, p <0.05), pNN50 (32.9 ± 14.3 % vs. 20.6 ± 14.6%, p <0.05), TP (1972.7 ± 809.5 ms2 
vs. 1329.7 ± 532 ms2, p <0.05), HF (657.1 ± 330.9 ms2 vs. 405.7 ± 217 ms2, p <0.05), LF (753.3 ± 
294 ms2 vs. 533 ± 213.4 ms2, p <0.05). The analysis of value relative DB-induced changes in time 
and frequency domain HRV indices revealed significant intergroup differences in reaction to parasym-
pathetic stimulation.
C o n c l u s i o n s: Based on the results presented in this study, the swimmers’ response to deep bre-
athing seems stronger than in persons without professional training. The deep breathing test may be 
a useful tool to evaluate the dynamic changes in the parasympathetic activity of ANS of sportspersons.

Key words: autonomic nervous system, physical exercise, heart rate variability, deep breathing test, 
swimmers.

INTRODUCTION

Measurement of heart rate variability (HRV) is a non-invasive technique that can 
be used to investigate the function of the autonomic nervous system (ANS), espe-
cially the balance between sympathetic and vagal activity [1]. Detailed analysis 



44

of short-term fluctuations in instantaneous heart period has been widely used 
to indirectly assess ANS regulation of cardiovascular function. Sympathetic im-
pulses increase heart rate by exciting the sinoatrial (SA) node while parasympa-
thetic impulses reduce heart rate by inhibiting it. Time and frequency analysis 
of heart rate could be a valuable tool to investigate the adaptation mechanisms 
of cardiovascular regulation used in response to exercise [2].

The deep breathing (DB) is a reliable and highly sensitive measure of cardio-
vagal or parasympathetic cardiac function. The high-frequency cardiac rhythms 
are mediated primarily by vagal innervation of the SA reflecting the respiratory 
sinus arrhythmia (RSA) characterized by increased heart rate during inspiration 
followed by its decrease during expiration. Adults in excellent cardiovascular 
health, such as endurance runners, swimmers, and cyclists, are likely to have 
more pronounced RSA [3, 4].

Swimming is a very demanding sport, and being able to breathe efficiently is 
vital for practicing this discipline. It is important to maintain a steady and rhy-
thmic inhale-exhale pattern and maximize air intake without compromising  
the stroke. Proper breathing techniques during swimming require practice, and 
the ability to hold one’s breath under water during dolphin kick helps increase the 
speed in competitive swimming [5, 6]. Therefore, exercises stimulating the respi-
ratory system constitute a considerable percentage of the training time in swim-
mers.

Regular physical training promotes the synchronization between heart rate 
and respiratory frequency. Taking into account the functional variability of the 
vegetative system, it can be supposed that the changes in heart rate variability 
will be more diversified in swimmers as compared to persons leading the average 
lifestyle. Differences in the reply to the stimulus of respiratory regularity, applied 
in the attempt of deep breathing, are also expected.

OBJECTIVE

The aim of this study was to investigate the influence of swimming training on 
the autonomic nervous system in healthy subjects and to analyze the effect of 
the deep breathing test on the activity of ANS manifested by HRV indices in 
professional swimmers and in individuals who did not practice sport.

MATERIAL AND METHODS

The study included 10 professional swimmers (experimental group), among them 
5 women and 5 men, with the mean age of 21 ± 2 years (range 19–23 years) and 
training experience of 10 ± 3 years. The control group comprised individuals who 
neither currently nor previously practiced any sports discipline. These individuals 
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participated in 60-minute sessions of physical activity twice a week on average, 
either as a part of physical education classes included in their study curriculum 
or on their own. Thirty-one controls were examined, among them 9 women and 
22 men, mean age 20 ± 1 years (range 19–21 years).

The inclusion criteria of the study included negative history of cardiovascular 
disorders, diabetes, and obesity, neurological disorders, using medications in-
fluencing the activity of ANS, other medications, and such stimulants as coffee, 
cigarettes, and caffeine-containing drinks. All participants had normal arterial 
blood pressure and heart rate and showed normal sinus rhythm on ECG.

The swimmers were examined once during the transitory phase of their tra-
ining cycle (registration prior to the training — at rest). The examination took 
place at conditions promoting the comfort of the subjects: in a massage room, 
at 24oC, during the morning hours, and at least 12 hours after the last training 
session (in the case of swimmers).

After a 20-minute rest in a supine position, a 10-minute electrocardiogram 
(ECG) was recorded. Subsequently, each participant was asked to breathe deeply 
for 5 minutes, with a breathing frequency of 6 breaths/min (5 sec inspiration, 
5 sec expiration; one full cycle every 10 seconds). During this time, continuous 
ECG was recorded [7].

Resting electrocardiograms and those obtained during the DB test were recor-
ded with a three-channel digital recorder AsPEKT 700, which registers electro-
cardiographic signaling without compression on PCMCIA semiconductor memory 
cards. The measurements of arterial pressure were obtained with HOMEDICS 
MiBody 360 sphygmomanometer.

Prior to HRV analysis, fragments containing R-R intervals determined by sinus 
stimulation were selected. The R-R intervals representing the extra-sinus stimu-
lation were excluded, as well as the artifacts that were mistakenly identified as 
stimulation by the analyzer. After the preparation of electrocardiograms, the varia-
bility of sinus rhythm was evaluated by means of temporal and spectral analysis 
at proper, predefined time periods. The analysis was conducted with HolCARD 
24W software, version 5.11.00 (Aspel, Poland). The following components of the 
temporal analysis of HRV were determined: mRR — average R-R interval of the 
sinus rhythm; SDNN — standard deviation of the average R-R intervals of the 
sinus rhythm (in ms), a global index which describes the total variability of sinus 
rhythm; rMSSD — square root of the mean squared difference of successive R-R 
intervals (in ms), a measure which refers to the short-term variability and corre-
lates with the high-frequency component of spectral analysis; pNN50 — propor-
tion of successive R-R intervals that differ by more than 50 ms, expressed in %, 
which correlates significantly with rMSSD. Also the measures determined during 
the spectral analysis were studied: TP (Total Power), total spectral power at the 
whole range of frequencies (0.0033–0.15 Hz); LF (Low Frequency), low-frequency 
component (0.04–0.15 Hz), modulated by the sympathetic system, associated with 
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the cyclic changes of arterial pressure, and dependent upon baroreceptor activi-
ty; HF (High Frequency), high-frequency component (0.15–0.4 Hz), a variability 
modulated by the parasympathetic system, associated with breathing; LF/HF, 
low-frequency to high-frequency component ratio, defines mutual relationships 
of the components of vegetative modulation; and normalized values of the HRV 
spectral indices: NLF [LF/(TP-VLF)*100] and NHF [HF/(TP-VLF)*100].

The protocol of the study was approved by the Local Bioethical Committee of 
the Jagiellonian University (approval no. KBET/26/B/2012). All qualified indivi-
duals gave their informed written consent to participate in the study.

STATISTICAL ANALYSIS

Non-parametric tests for small samples were used. The differences between de-
pendent variables were analyzed with the Wilcoxon test, while the differences be-
tween the experimental and the control group were tested with the non-parametric 
Mann-Whitney U test. The analysis was conducted with SPSS v. 17 software. The 
results were presented as arithmetic means and their standard deviations (SD). 
The level of statistical significance was set at p <0.05.

RESULTS

RESTING ACTIVITY OF ANS IN PROFESSIONAL SWIMMERS AND IN THE CONTROLS

At rest, in supine position and without an imposed rhythm of respiration, swi-
mmers showed significantly higher values of rMSSD, pNN50, LF, and HF than 
persons without physical training (Table 1). Furthermore, a longer average R-R 
interval of the sinus rhythm and lower heart rate were noted in the experimental 
group in comparison to the controls.

ANS RESPONSE TO DB IN PROFESSIONAL SWIMMERS AND IN THE CONTROLS

During DB, the values of all analyzed time and frequency domain indices of HRV, 
except the LF/HF ratio, were significantly higher in the swimmers than in the 
controls (p = 0.127, Table 2).

The analysis of relative DB-induced changes in time and frequency domain 
HRV indices (Fig. 1 and 2) revealed significant intergroup differences in reaction 
to parasympathetic stimulation. Compared to the controls, professional swimmers 
were characterized by relatively less pronounced changes in all analyzed time 
domain HRV indices (mRR, rMSSD, pNN50) except SDNN (Fig. 1). In the case of 
the frequency domain indices, the swimmers showed greater increase in TP and 
LF and less pronounced decrease in HF than the controls. These changes suggest 
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T a b l e  1

Mean values of time and frequency domain HRV indices in professional swimmers and in the controls, 
determined at rest in supine position without an imposed rhythm of respiration. Mean — arithme-
tic mean, SD — standard deviation, mRR — average R-R interval of the sinus rhythm, SDNN —  
standard deviation of the average R-R intervals of the sinus rhythm, rMSSD — square root of the 
mean squared difference of successive R-R intervals, pNN50 — proportion of successive R-R inter-
vals that differ by more than 50 ms, TP — total spectral power at the whole range of frequencies  
(0.0033–0.15 Hz), LF — low-frequency component (0.04–0.15 Hz), HF — high-frequency component 

(0.15–0.4 Hz), LF/HF — low-frequency to high-frequency component ratio.

Parameters

Experimental group 
(swimmers) (n = 10)

Control group 
(n = 31)

Mann-Whitney 
U test

Difference  
between  

groups (%)Mean SD Mean SD U p

mRR [ms]  902.90 102.50 744.09  67.51  31.50 0.000  21%

SDNN [ms]    94.80  54.71 68.00  24.40 103.50 0.119  39%

rMSSD [ms]   71.40  46.92 41.32  20.77  82.50 0.026  72%

pNN50 [%]   28.37  17.44 14.08  10.73  86.00 0.036 102%

TP [ms2] 1942.00 909.17 1533.00 605.16 114.00 0.223  26%

HF [ms2]  716.40 441.14 496.22 255.92 103.00 0.119  44%

LF [ms2]  603.50 208.29 445.22 137.07  86.00 0.036  35%

LF/HF     0.96   0.28 1.03   0.35 150.50 0.893  -6%

Table 2

Mean values of time and frequency domain HRV indices in professional swimmers and in the controls, 
determined at rest in supine position during DB test. Mean — arithmetic mean, SD — standard 
deviation, mRR — average R-R interval of the sinus rhythm, SDNN — standard deviation of the 
average R-R intervals of the sinus rhythm, rMSSD — square root of the mean squared difference of 
successive R-R intervals, pNN50 — proportion of successive R-R intervals that differ by more than 
50 ms, TP — total spectral power at the whole range of frequencies (0.0033–0.15 Hz), LF — low- 
frequency component (0.04–0.15 Hz), HF — high-frequency component (0.15–0.4 Hz), LF/HF — 

low-frequency to high-frequency component ratio.

Parameters

Experimental group 
(swimmers) (n = 10)

Control group 
(n = 31)

Mann-Whitney 
U test

Difference  
between groups 

(%)Mean SD Mean SD U p

mRR [ms]   899.20   69.28   766.45 63.60  18.00 0.000 17%

SDNN [ms]   114.10   45.12    79.03 27.70  80.50 0.022 44%

rMSSD [ms]    81.90   38.21    50.74 27.08  75.50 0.014 61%

pNN50 [%]    32.99   14.31    20.60 14.63  81.00 0.024 59%

TP [ms2] 1972.70 809.51 1329.74 532.02  74.50 0.013 48%

HF [ms2]  657.10 330.95  405.74 217.06  81.00 0.024 62%

LF [ms2]  753.30 294.07  533.00 213.45  81.00 0.024 41%

LF/HF      1.30    0.59     1.47 0.47 104.00 0.127 –7%
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Fig. 1. Relative change in the time domain indices of HRV documented in response to parasympa-
thetic stimulation during DB in swimmers and in the controls. * — significant differences, p <0.05. 
mRR — average R-R interval of the sinus rhythm, SDNN — standard deviation of the average R-R 
intervals of the sinus rhythm, rMSSD — square root of the mean squared difference of successive 

R-R intervals, pNN50 — proportion of successive R-R intervals that differ by more than 50 ms.

Fig. 2. Relative change in the frequency domain indices of HRV documented in response to  
parasympathetic stimulation during DB in swimmers and in the controls. * — significant differen-
ces, p <0.05. TP — total spectral power at the whole range of frequencies (0.0033–0.15 Hz), LF —  
low-frequency component (0.04–0.15 Hz), HF — high-frequency component (0.15–0.4 Hz), LF/HF — 

low-frequency to high-frequency component ratio.
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that despite the dominancy of parasympathetic component of ANS observed at 
rest, the athletes showed stronger response to DB than individuals who neither 
currently nor previously practiced any sports discipline.

DISSCUSION

Physical activity modulates the cardiovascular system; this is reflected by a gradu-
al withdrawal of vagal cardiac tone, along with a gradual increase in sympathetic 
cardiac and vasomotor tone. These autonomic modulations are initiated through 
both central commands from the somatic motor cortex and muscle chemorecep-
tive and mechanoreceptive inputs. Additionally, there is an upward resetting of 
the operating point of the arterial baroreflex, with preserved reflex sensitivity. 
This resetting is directly associated with the intensity of the exercise from rest to 
maximal workloads. Previous studies of ECG monitoring revealed that compared 
to their healthy subjects of similar age and body posture but sedentary lifestyle, 
athletes are characterized by significantly longer R-R intervals and significantly 
higher values of HRV indices: SDNN, pNN50 and rMSSD [8, 9]. Our study do-
cumented similar profile of differences in resting HRV indices of swimmers and 
sedentary controls. Probably, these differences resulted from different arterial 
baroreceptor reflex sensitivity in these two groups [10]. According to literature, 
this is cardiopulmonary baroreflex which plays vital role in the control of heart 
filling [11]. Recently Mack et al. revealed that similar to arterial baroreceptors, 
also the sensitivity of the cardiopulmonary baroreceptors is changed in response 
to exercise [12].

Our findings documented at rest, without DB, are consistent with the results 
of previous research. Compared to the controls, our swimmers were characterized 
by longer R-R interval and higher values of rMSDD and pNN50 indices. Consequ-
ently, we revealed that compared to individuals characterized by moderate levels 
of physical activity, swimmers show an increase in the parasympathetic and  
a decrease in the sympathetic modulation. Similar results were previously repor-
ted by Carter, in the longitudinal study of adult runners [13].

Our study revealed that individuals who practiced swimming showed signifi-
cantly higher values of low frequency component (LF) as compared to the controls. 
Literature data on the differences in LF of trained and non-trained persons are 
inconclusive. Melanson documented similar values of frequency analysis com-
ponents (HF and LF) as in our study [14]. The values of LF at rest correspond 
to both sympathetic and parasympathetic modulation. Higher values of HRV in 
the swimmers point to its greater variability associated with the parasympathetic 
dominance [1].

The changes in heart rate variability were more pronounced during deep bre-
athing test. Both in the athletes and in the controls, the stimulation associated 
with enforced breath rate during the DB test was reflected by a similar direction 
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of changes in indices characterizing the response of ANS to this factor [15]. An 
increase in LF and LF/HF ratio was observed, along with a decrease in HF, which 
points to correct response to this type of stimulation [16, 17]. The swimmers 
showed significantly higher values of all HRV indices except the LF/HF ratio. The 
swimmers’ values of mRR, rMSSD, pNN50 and LF were higher at rest as well, 
and the implementation of DB further increased the level of statistical significan-
ce. These relationships suggest that the parasympathetic activity in swimmers is 
higher than in their moderately active peers.

The response to the DB revealed significant intergroup differences in reaction 
to parasympathetic stimulation. The professional swimmers, in comparison to the 
controls, were characterized by relatively less pronounced changes in all analyzed 
time domain HRV indices (mRR, rMSSD, pNN50) except SDNN (a global index 
describing the total variability of sinus rhythm). In the case of the frequency 
domain indices, the swimmers showed greater increase in TP and LF and less 
pronounced decrease in HF than the controls. These changes suggest that despite 
the dominancy of the parasympathetic component of ANS observed at rest, the 
athletes showed stronger response to DB than individuals who neither currently 
nor previously practiced any sports discipline. Therefore, it can be concluded 
that the breathing stimulation used in this study exerts a significantly greater 
effect on the neural regulation of heart rhythm in athletes than in the controls. 
None of the previous studies compared the response to DB in swimmers and 
non-trained individuals.

Both our findings and literature data suggest that physical training is reflec-
ted by greater heart rhythm variability [2, 18, 19], and trained individuals are 
characterized by greater variability of sinus rhythm than non-trained persons 
not only at rest but also in response to ANS stimulation. This was confirmed by 
the swimmers’ response to the parasympathetic stimulation of ANS during deep 
breathing which was significantly stronger than in the controls. Probably, this 
reflected the hemodynamic phenomenon described by Hansen et al. [20], referred 
to as functional sympathycolysis. These authors revealed that an increase in 
muscle sympathetic nervous activity (MSNA) during exercise is not reflected by 
vascular stenosis. This phenomenon was confirmed in cats by Komine et al. [21], 
and results in the parasympathetic dominance [22].

In conclusion, the DB test used in our study is an important direct method of 
assessing the effect of ANS on heart rhythm in swimmers. Our findings confirmed 
the hypothesis that heart rhythm variability increases in response of physical 
training, as both the values of time and frequency domain indices of trained 
individuals were higher than in non-trained persons.

Determination of HRV seems to be a potentially important tool for monitoring 
athletes’ adaptation to physical exercise, and could be used both during the pro-
cess of training and for educational purposes. Consequently, the issues addressed 
in this paper require further studies.



51

CONCLUSION

Our study revealed that the DB test constitutes a strong activator of parasym-
pathetic nervous system, both in athletes and non-trained persons. The DB test 
used in our study seems proper for indirect assessment of the dynamics of chan-
ges in ANS of professional athletes and individuals who do not practice any sports 
discipline and are characterized by moderate levels of physical activity.
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