
CONTROLLED BREATHING (CB) as  BFB 

CHANGES OF HEART RATE AND FRACTAL NEURODYNAMICS VARIABILITY INDICATORS 
UNDER CONTROLLED BREATHING IN THE HEART RATE OSCILLATIONS  FREQUENCY 
SPECTRUM 

Changes of heart rate and fractal neurodynamics variability indicators in the conditions of controlled 
breathing in the heart rate oscillations frequency spectrum are studied. It is shown that controlled 
breathing whose frequency corresponds to the frequency of localisation of the maximum peak of heart 
rate power in the low-frequency (LF) range is a powerful mechanism for controlling heart rate and 
modifying functional state as a whole. It is possible to study the properties of the heart rate vegetative 
control system’s own oscillation processes on the basis of the resonance effect in the heart rate spectrum 
under controlled breathing whose frequency corresponds to the frequency of localisation of the maximum 
peak of heart rate power in the LF range. 
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INTRODUCTION 
Of special interest in recent years has been investigating synchronization of biological rhythms in living 
organisms whose vital functions are determined by interaction of many complex rhythmic processes . A 
striking example of such an interaction among different physiological rhythms is the functioning of a 
human cardiovascular system (СVS). The most important oscillation processes determining its  dynamics 
are basic heart rate (HR), breathing as well as processes of slow HR and blood pressure regulation, whose 
natural frequency is near 0.1 Hz . The majority of physiological oscillations are however not strictly 
periodic, with rhythms usually varying irregularly under the influence of varying 
external factors and noise perturbations [2]. Heart rate is not an exception. The СVS regulation  
mechanism mediated by the vegetative nervous system (VNS) action is modulated by a number of various 
external influences (such as breathing, physical activity, body position modifications, psychoemotional 
changes etc.) As a result of their interaction, these rhythms manifest themselves in various signals such as 
electrocardiogram (ECG), blood pressure, blood stream and heart rate variability (HRV) . 
It has recently been revealed that the СVS basic rhythms can be synchronised among themselves, the 
finding being in line with the present-day ideas about the functioning of complex systems . Besides, it has 
been revealed that the system setting the basic HR, or the heart autonomic control system (HACS), can be 
considered as a self-oscillator under  
the external influence represented in this case by breathing . Application of controlled breathing (CB) can 
therefore be viewed as an introduction of a periodic component in the external noise signal entering the 
HACS. According to the present-day ideas about the СVS vegetative control system organization, the said 
system is characterized by the presence of a basic self-oscillation process at the frequency of about 0.1 Hz 
(low-frequency spectrum range) . This oscillation process, which varies under external influences and 
determines the dynamics of an organism’s autonomic status, is generally considered to characterize the 
basic properties of the HACS central part. It has been proved that breathing and vascular tonus regulation 
rhythms are synchronized at the frequency of 0.1 Hz.  The choice of a CB perturbation frequency is 
therefore often made on the basis of de Boer’s model, where the presence of a system’s natural 
oscillations at the frequency of 0.1 Hz allows using the resonance response in the low-frequency range of 
HR oscillations with the period of 10 seconds. The resonance effect is in this case caused by physical 
coincidence of the frequencies of the two harmonious oscillation processes: exterior respiratory 
perturbation and the system’s natural oscillations. However, individual variability of the wave peak in the 
low-frequency range (from 0.05 Hz to 0.15 Hz) is widely known, therefore it is a shortcoming of the 
existing approaches that the respiration rate of 1 inspiration/6 seconds (0.1 Hz) does not always have a 
resonance response in the HVCS. Hence, the use of the CB method at an individually fitted frequency has 
good prospects. Yet, most commonly used procedures do not provide any criteria to assess adequacy and 
efficiency of using CB parameters from the point of view of the functional state of the СVS as a whole 
and interactions among its parts, which depend on the quality and concordance of functioning vegetative 



regulation mechanisms, i.e. while using the CB method we face a situation which is quite typical in 
science, when new ideas are put in practice before any insights into the action mechanisms of the factor 
underlying these ideas are reached. Thus, the possibility of modifying HVCS parameters and an 
organism’s functional state as a result of CB at an individually fitted frequency remains unstudied. The 
aim of the present research is therefore to detect changes in the heart rate and fractal neurodynamics 
variability indicators under the conditions of controlled breathing in the heart rate oscillations frequency 
spectrum. 
On the first day of the experiment background records of HRV and FND indices were made during 
spontaneous breathing to obtain control records. The electrocardiogram records were being monitored 
against any forced inspirations and breath holdings so as to eliminate any arbitrary breathing influences 
on an examinee’s СVS, i.e. examinations were made in relatively standard conditions. On the  
experimental days that followed, records of HRV and FND indices were made during CB whose 
frequency corresponded to the frequency of localization of the maximum peak of HR power in the LF 
range. 
During a CB session, each examinee breathed in his or her individual rhythm set by a “respiratory 
sphere”, whose parameters were calculated on the basis of the rhythmogram recorded immediately before 
the breathing session on the “HEART  QUEST”  (fig. 1, 2).  
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Fig. 1. Controlled breathing phases set by the   HEART  QUEST  BFB. 
 
The depth of breathing corresponded to the size of the sphere: the bigger the sphere the deeper the 
inspiration, the smaller the sphere the fuller the expiration. 

 
Fig. 2. Graph of controlled breathing phases in the HEART QUEST  BFB 
The ratio of inspiration and expiration time intervals was constant – 38% of inspiration and 62% of 
expiration, which complies with the “golden section” rule. The breathing periods showed exponential 
growth at the beginning and exponential decrease in the completion phase. The duration of a CB session 
was about 5 minutes. The next rhythmogram record was made no  earlier than 5 minutes after the end of 
the CB session. 
 
CONCLUSION 
1. Controlled breathing whose frequency corresponds to the frequency of localization of the maximum 
peak of heart rate power in the low-frequency range is a powerful mechanism for controlling heart rate 
and modifying functional state as a whole.  



2. It is possible to investigate HACS own oscillatory processes based on the resonance effect in the HRV 
spectrum during controlled breathing at a frequency corresponding to the frequency of localization of the 
maximum peak of heart rate power in the low frequency range. 
3. Increased values of indices obtained by means of statistical analysis of HRV SDNN (by 28%), pNN50 
(by 71%; р <0.01) and RMSSD (by 30%; р <0.05) suggest that, as a result of a CB course whose  
frequency corresponds to the frequency of localization of the maximum peak of heart rate power in the 
low-frequency range, the activity of the autonomic circuit and the parasympathetic regulation system 
intensified and regulation of living functions was optimized. 
4. HRV geometrical analysis methods showed that CB at an individually fitted frequency caused an 
increase in the values of Dx index (by 17%; р <0.01) accompanied by a decrease in the values of Amo 
index (by 19 %; р <0.01), indicating activation of the parasympathetic VNS, activation of the autonomic 
regulation circuit and reduced centralization of heart rate control. 
5. The CB course at an individually fitted frequency brought about a significant Si decrease (by 26 %), 
which suggests increased vagal effects on the heart rate as well as reduced stress level of regulatory 
systems. 
6. An increase of the aggregate spectrum power (by 77 %; р <0.001) induced by CB at the frequency 
coinciding with the frequency of heart rate spectrum LF-component oscillations is evidence of intensified 
vegetative effect on heart rate. The increase of the LF spectrum component power (by 112%) is much 
more significant than the increase of the HF component power (by 69 %; р <0.01), which can be put 
down to central and vegetative respiration-dependent synchronization between the respiratory system and 
the cardiovascular system and suggests increased baroreflex regulation on the basis of the resonance 
effect in the heart rate spectrum under CB at frequencies corresponding to oscillation frequencies of the 
said spectrum. 
7. The LF-component of the HRV spectrum is a marker of the functional state of the heart  rate autonomic 
control system, which should be investigated during controlled breathing at a frequency that corresponds 
to the frequency of localization of the maximum peak of heart rate power in the low-frequency range. 
8. The reliable increase of HRV derivative indices, which have been obtained by means of fractal 
neurodynamics method, indicates that controlled breathing ensures regulation of heart rate controlling 
functions at different levels (autonomic,  hypothalamo-hypophysial,  HPA axis  and central ones) and, 
hence, helps to improve adaptive capabilities of the organism as a whole. 
9. Changes in the indices of heart rate variability and biorhythms fractal neurodynamics in examinees 
practicing  controlled breathing at the heart rate spectrum oscillation frequency depend on the duration of 
the controlled breathing course: reliable changes were registered in the parameters under study only after 
the 3rd CB session and the maximum effects of the CB course were recorded only by the 9th or 10th day. 
10. A CB course has a marked aftereffect, as is suggested by a reliable change in the indices of heart rate 
variability and fractal neurodynamics 7 days after the termination of the course. 


