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 Objective. The main purpose of the research was to develop a coefficient of cardiorespiratory system status, 

which will take into account both frequency and power characteristics of external respiration and hemodynamics 

activity. Compare an informativeness of this coefficient with a universally accepted Hildebrandt one. 

Materials and Methods. 154 apparently healthy young people of both sexes were examined. On a bicycle 

ergometer with a pedaling rhythm of 40 per minute, five standard stages of short-term physical exercise load 

ranging from negligible to moderate were provided. Spirography, tonometry and pulsometry were carried out 

before loading, at its peak and after it. The parameters specified were recorded for each subject simultaneously. 

Systolic volume was calculated using Starr formula with subsequent defining cardiac minute output. 

Statistical analysis was performed using Statistica ® 7.0 package (StatSoft Inc., USA). Assessment of results’ 

significance was calculated using Student’s t-test and sign test. 

Results. In the case of low short-term physical exercises pulmonary ventilation is increased due to greater 

reactivity of external breathing amplitude and to a lesser extent due to change in the frequency of respiratory 
movements. This type of reactions of the respiratory component in cardiorespiratory interaction is more efficient. 

In the given conditions, body’s adaptation is ensured by breathing component dominance, while responses of 

systemic arterial pressure and pulse turn out to be less pronounced, less stabile. Taking into account greater 

adaptive importance in power characteristics changes of respiratory and cardiovascular activity, a coefficient of 

cardiorespiratory system status is proposed - MBV/RMV (ratio of minute blood flow volume to respiratory minute 
volume). The given factor is demonstrated to have significantly greater informative value and sensitivity to 

generally recognized Hildebrandt coefficient. 

Keywords: cardiorespiratory system, cardiorespiratory index, the Hildebrandt coefficient, minimum exercise, 

bicycle exercise 
 

INTRODUCTION 

The cardiorespiratory functional system (CRS) provides the 

body with a unique opportunity to change the most important 

homeostatic parameters - blood aeration, blood carbon 

dioxide content, pH, gas exchange at the tissue level, and other 

constants - by voluntary influencing the respiratory 

component. The role of the CRS respiratory component in 

achieving the adaptive result is extremely important. As N. A. 

Agajanyan puts it, the CRS is “... a universal indicator of the 

organism’s functional reserves and adaptive functions...” (1). 

The existing close relationship between the respiratory and 

circulatory systems is well known, it determines the possibility 

of their mutual compensation when a change in the activity of 

one of these systems is inevitably associated with the reaction 

of the other one (2-6). Taking into account an exceptional 

significance of this interaction, the study of cardiorespiratory 

interaction in various conditions continues to attract the 

attention of researchers (7-10, just to name a few). 

Physiologists’ understanding is increasingly shifting from 

the initial denial that the CRS exists as an independent 

functional unit, towards understanding an exceptional 

significance of its adaptive role (11-15). In previous articles (16-

17), we have described a number of distinctions and 

disadvantages in studying this problem at the current stage. P. 

K. Anokhin’s understanding a body as a total activity of its 

functional systems has been recognized mainly among 

physiologists and is not well known to medical practitioners. It 

is up-to-date to develop functional systemic criteria and 

indices that make it possible to evaluate the CRS state both in 

normal conditions and, preferably, in various pathologies. 

Some authors have made similar attempts, but their works are 

few in number and have not come into widespread acceptance 

yet (18-19). 

A generally accepted indicator of the CRS integrative 

activity is the Hildebrandt coefficient - the ratio of the heart 

rate (HR) to the respiratory rate (RR). However, from the point 

of view of clinicians, it has a low informative value and is not 

widely used in medical practice. One single cardiorespiratory 
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index that does not take into account the amplitude of external 

respiration and the power characteristic of the heart 

functioning should be considered insufficient. In addition, as 

shown by our previous studies conducted on cats, the 

Hildebrandt coefficient remains virtually unchanged when 

forming baro- and chemoreflexes (17). 

In our laboratory, based on experiments on cats and 

clinical studies on pregnant women, cardiorespiratory 

indicators were developed, which we described in early 

publications (16,20-22). Yu.S. Vanyushin (23) proposed the 

coefficient of complex CRS evaluation, calculated as 

(SV×O2UC)/(HR×RMV), where SV - systolic volume, O2UC - 

oxygen utilization coefficient, HR - heart rate, RMV - respiratory 

minute volume. Another indicator used for research purposes 

is the coefficient of the organism’s oxygen supply (24) - 

CaO2/CaO2p×MBFV/MBFVp×(SB+BE)/(SB + BE)p, which makes it 

possible to accurately assess the compliance of oxygen 

delivery to individual metabolic needs. However, difficulties in 

calculating, obtaining initial data or the lack of volume 

parameters create significant obstacles to using the above-

mentioned indices “bedside”. In our opinion, the calculation of 

the CRS activity should be made with mandatory consideration 

of power characteristics of its functioning. At the same time 

these coefficients should be informative even for minor 

reactions, as well as be easy to calculate. 

The purpose of the study is: to develop a coefficient for 

evaluating cardiorespiratory reactions that takes into account 

both frequency and power characteristics of external 

respiration and hemodynamics, sensitive to minimal exercises, 

and to compare its informative value with the generally 

accepted Hildebrandt coefficient. 

MATERIAL AND METHODS 

Five series of studies were conducted on 154 practically 

healthy people aged 19 -23 years, of both sexes, and of different 

body types. Previously, we collected data for the absence of 

heart or lung diseases, performed training in involuntary 

breathing skills with a spirograph and with an imposed pedal 

rotation mode, as well as informed the subjects about the 

progress of the study, each of the participants agreed to be 

involved. 

On a stationary bicycle Oxygen Satori U (China), with a 

pedal rotation rate of 40 per minute, physical activities of 

standard intensity levels were provided: I - 25 W, II - 50 W, III - 

75 W, IV - 100 W and V - 125 W. The effects of physical loads on 

the body were classified by the Borg method (25-26) and were 

distributed from extremely insignificant (in the 1st series) to 

moderate (in the 5th). Spirography (SMP-21/01, Russia), 

tonometry and heart rate monitoring were performed before 

the exercises, at their maximum and in 3 minutes after them. 

The Starr formula was used to calculate the SV (stroke volume 

output) with subsequent determining the minute blood flow 

volume (MBFV). 

The methods were used in generally accepted ways, and 

the following adjustments were made. First, the respiratory 

capacity (RV), RMV, and findings of tonometry and heart rate 

monitoring were recorded in each observation, on each subject 

simultaneously. In this case, standardization of research 

conditions is significantly increased. Since it is impossible to 

take into account the large number of changes occurring every 

second in the body that affect the CRS activity. Otherwise 

measuring the parameters of the cardiovascular and 

respiratory systems at different time moments can significantly 

complicate identification of patterns of cardiorespiratory 

interaction that interest us. Second, a short-term, 60-second 

cycle ergometer load was used to register initial adaptive 

responses. 

Statistical processing was performed in the MS ® Excel ® 

2016 spreadsheet environment with the Statistica ® 7.0 

package (StatSoft Inc., USA). Differences in Student’s t-test 

were accepted as significant at p<0.01, in addition, the method 

of sign test was used (27). 

RESULTS AND DISCUSSION 

In the first series, relative to the state of rest, the RV 

(respiratory volume) increased by approximately 28%, while 

RR (respiratory rate) decreased by 2.3 movements/min., the 

increase of RMV was about 10% (Tables 1 and 2). Systolic and 

diastolic pressure levels increased less significantly - by 6.16 

and 3.64 mmHg, respectively (about 5% as compared with the 

initial level). That is, hemodynamics was characterized by 

greater stability and diastolic pressure often did not change. 

When the load intensity was increased, changes in most 

parameters preserved their directedness, but became more 

pronounced. At this, the HR also decreased in the second 

series, starting to exceed the initial values at rest only from the 

third series. Pulse changes in series I and II had an invalid 

tendency to increase by about 6-12 beats/min (8-16%). 

After stopping providing loads, in 1-3 minutes, in all series, 

the indices returned to their original values or were close to 

them. 

Table 1. Intensity of reactions of the respiratory and cardiovascular systems in low, short-term exercises of increasing capacity 

Series/ 

Parameter (M±m) 
RV, l 

RR, movements 

per min. 
RMV, l HR, beats/min. 

Systolic blood 

pressure, mm Hg 

Diastolic pressure, 

mmHg 

I 
0.63±0.1 

(0.4±0.07) 
16.14±1.6 
(18.4±1.9) 

9.92±1.02 
(8.99±0.8) 

82.6±5.8** 
(72.6±6.2) 

122.3±4.81 
(116.1±8.1) 

77.5±5.1*  
(73.9±5.9) 

II 
0.62±0.07 

(0.5±0.06) 

16.46±0.9 

(18.5±1.1) 

10.4±1.2  

(8.84±1.0) 

78.8±5.7** 

(72.0±6.5) 

124.55±4.6 

(118.0±6.1) 

78.6±5.4*  

(75.4±4.8) 

III 
0.64±0.11 

(0.5±0.01) 

20.23±1.7 

(17.7±1.3) 

12.26±1.3 

(9.14±1.2) 

81.73±4.6* 

(72.0±6.5) 

126.14±6.2 

(115.0±6.5) 

78.65±5.4* 

(74.9±4.9) 

IV 
0.69±0.14 

(0.53±0.1) 

20.95±2.3 

(17.9±1.9) 

13.97±2.2 

(9.27±1.1) 

86.45±7.1* 

(75.3±7.8) 

128.64±4.7 

(114.5±7.4) 

82.04±5.9 

(75.4±8.0) 

V 
0.65±0.05 
(0.52±0.1) 

20.18±1.9 
(17.1±1.5) 

13.94±0.7 
(8.85±0.8) 

86.41±6.2 
(74.8±6.7) 

130.68±5.2 
(116.1±6.2) 

83.86±5.3 
(75.2±6.1) 

Notes: the original (at rest) values are shown in parentheses; 

* – p<0.05; ** - p≥0.05; in all other cases, p<0.01. 



 Kupriyanov et al. / ELECTRON J GEN MED, 2020;17(5):em244 3 / 6 

The activity of the CRS is an integrative resultant reaction 

of its numerous components: external respiration, heart 

activity, tonic activity of arteries and veins (28). Each 

component is able to react independently, changing the 

overall adaptive result of blood aeration and its delivery to 

tissues. What is the possible expediency of obtained in this 

work greater reactivity of the depth of respiration, observed 

against the background of suppressing its frequency? Let us 

pay attention that regardless of the decrease in RR, there was 

an increase in RMV. In our opinion, from the point of view of 

energy expediency, it is more effective to change the intensity 

of pulmonary ventilation not due to the frequency of changes 

in the acts of inhalation and exhalation, but due to amplitude 

reactions of each of these acts. The amplitude of respiratory 

movements turns out to be a more labile value than its 

frequency. The cardiovascular system turns out to be more 

rigid under the specified conditions, its parameters changed to 

a lesser extent (Figure 1), and the HR and the diastolic pressure 

often had a pronounced scatter of the average. 

In all series, the change in the Kerdo index indicated an 

increase in the sympathetic tone, which corresponds to the 

entry of an organism into the conditions of physical activity. 

However, the intensity of changes in this index as loads 

increased was not proportional to their degree. 

Under the given conditions, significant lability of the 

respiratory system was observed against the background of a 

relatively stable state of hemodynamics (Figure 2). In the first 

moments of physical activity, the CRS adaptive reactions are 

organized to a greater extent by the respiratory type. 

Table 2. Changes in systolic volume and minute blood flow volume during bicycle exercise 

Series/ 

Parameter (M±m) 

SV, ml MBFV, l The Kerdo Index** 

At rest At maximum load At rest At maximum load At rest At maximum load 

I series 60.13±4.7 59.51±4.9* 4.37±0.5 4.95±0.4 -1.79 6.17 

II series 59.93±4.9 59.46±5.1* 4.35±0.5 4.7±0.6 -4.72 0.25 

III series 58.14±5.7 57.47±6.2 4.2±0.6 4.7±0.5 -4.03 3.77 

IV series 56.81±6.0 54.51±5.7 4.2±0.5 4.71±0.5 -0.13 5.1 

V series 57.99±4.6 56.61±4.9 4.34±0.4 4.89±0.5 -0.53 2.95 

Note: * – p<0.05; in all other cases, p<0.01; ** – calculated from the average values. 

 

 

Figure 1. Comparison of the intensity of respiratory and cardiovascular system responses during exercise in the I series (25 W; left) 

and the IV series (125 W; right) series. 

Notes: each diagram axis has its own graduation mark; the proportionality of reactions’ intensity in each axis is preserved; HR – heart rate; SAP – 

systolic pressure. 
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The Hildebrandt coefficient, which characterizes the 

body’s rigid constant - the vegetative status, is normally 2.8-4.9 

in humans. In our opinion, this index is not able to adequately 

reflect the changes that occur during short-term exercises, 

since the body’s vegetative status does not change under such 

natural stress stimulations. This coefficient does not take into 

account power cardiorespiratory indicators - RV and SV. 

According to the results of this study, SV is the most variable 

value of cardiorespiratory activity. In addition, the decrease in 

RR which we detected in conditions of minimal loads reduces 

the informative value content of the Hildebrandt coefficient. 

To assess time-sensitive reactions of the CRS, it is 

necessary to use a coefficient that takes into account power 

characteristics of its functioning as well (29-30). We have 

proposed a cardiorespiratory index (CRI) calculated as 

MBFV/RMV = (SV×HR)/(RV×RR). We compared the intensity of 

changes in CRI and the Hildebrandt coefficient in the given 

conditions of this survey in relation to their initial (at rest) 

values (Figure 3). 

It can be seen that the CRI is not only labile, but 

proportional to the conditions of low loads as well. Given that 

the loads were provided for only 60 seconds, then the 

sensitivity of this coefficient should be considered high. While 

the behavior of the Hildebrandt coefficient, while maintaining 

the general tendency to change, nevertheless has less 

accuracy. 

The obtained results correlate with findings of other 

researchers. At medium cycle ergometer loads, the 

contribution of external respiratory reactions to ensuring the 

body’s adaptation to physical labor in the Subarctic was shown 

to be greater in comparison with the cardiovascular system 

(31). The CRS reactions formed mainly due to the frequency 

characteristics of respiration and hemodynamics are less 

optimal and uneconomical (32). In addition, in hypoxic 

exposure (6.8-8.0% of oxygen in the inhaled air), in the first 5-

10 minutes there is a greater increase in the intensity of 

external respiration against the background of a slight increase 

in the systolic pressure, the diastolic pressure may even 

decrease (33-34). For example, in the initial reactions of the CRS 

(on the 5th minute out of 20 minutes of the total duration), a 

greater increase in the RMV and a lower degree of increase in 

the pulse were registered at such exposure. In addition, in 

people with hypokinetic type of blood circulation, there is a 

marked inclusion of external respiration in the adaptive 

reactions of the CRS, while in people with hyperkinetic type, 

adaptive activity is mainly achieved due to the chronotropic 

effect of hemodynamics (35). 

The coefficient of the ratio of the MBFV to the RMV, that we 

propose, adequately, proportionally and quickly reflects even 

small changes in the state of the CRS. In what way will this 

coefficient behave in more pronounced, long-term loads? Is it 

possible to use it in sports medicine, as well as in clinical 

practice for situational, “at the patient’s bedside” diagnostics 

of corresponding changes? The answers to these questions 

require further research. 

CONCLUSION 

Conditions from minimal to moderate short-term physical 

exercises determine the dominance of the respiratory 

component within the CRS. To a lesser extent, adaptation is 

provided by the cardiovascular system. The least significant 

changes occur in the frequency activity of the heart. In minimal 

cycle ergometer loads, increase in the RMV is carried out only 

due to increasing the RV, while the RR decreases. An increase in 

both the frequency and power characteristics of external 

respiration reactions occurs in more intensive loads. The ratio 

of the MBFV to the RMV, which we called the CRI, adequately 

reflects changes in cardiorespiratory activity under the 

specified conditions. 
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