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                                            Abstract 

 
     Despite the extensive research devoted to the adaptation of the cardiovascular system to 

systematic physical activity, many issues, particularly those related to central 

hemodynamics, remain unanswered. Studying the adaptation of the cardiovascular system 

in athletes is a pressing issue and a subject for future research and discussion. The primary 

objective of this study was to assess the functional state of the cardiovascular system before 

and after exercise. The Ruffier test was used as a physical load. 

     The results of the study showed that the Ruffier and Luscher tests were used to assess 

the functional state of the cardiovascular system and the psychophysiological status of ASA 

students. The test results allowed the students' anaerobic performance and adaptability to 

be assessed as average. The circulatory system's ability to recover was below average. 

Along with mild stress, the students' performance and structural-dynamic characteristics of 

their autonomic balance were average. 

 

Keywords: Cardiovascular system, physical performance, adaptation, recovery, Ruffier 

index. 

 

 

Introduction 

 
     The increase in the volume and intensity of training loads in modern sports 

requires the development of functional characteristics of athletes depending on the 

characteristics of muscle activity, as well as the duration of training. Adaptation of 

the body to intense muscle activity is accompanied by significant changes in the 

parameters of the cardiovascular system. It should be noted that systematic physical 

activity leads to a restructuring of the functioning of the cardiovascular system [3,  
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4, 12]. Under the influence of systematic training, structural and functional changes 

occur in the heart. Training causes signs of cardiac restructuring, which are assessed 

as part of normal physiological adaptation to physical activity and as potentially 

dangerous deviations [1, 2, 6, 10, 11]. The need for information on the patterns of 

circulatory system restructuring and the formation of functional reserves depending 

on the preparation period and the focus of the training process requires 

comprehensive research to assess and monitor the current state of the cardiovascular 

system during adaptation to increased physical activity, as well as structural and 

functional changes. Despite the extensive research devoted to the adaptation of the 

cardiovascular system to systematic physical activity, many issues, particularly 

those related to central hemodynamics, remain unanswered. Studying the 

adaptation of the cardiovascular system in athletes is a pressing issue and a subject 

for future research and discussion. The primary objective of this study was to assess 

the functional state of the cardiovascular system before and after training. The 

Ruffier test was used as a physical load.  

 

 

Methods 
 

     The study was conducted on second- and third-year students over two semesters. 

A total of 277 students from the ASA (Azerbaijan Sports Academy) participated in 

the study, of whom 238 had a second-class degree in various sports or did not 

participate in sports, or if they did, then it was not systematically. Thirty-four 

students had a first-class degree, also in various sports, two Master of Sports (MS), 

and three Candidate Master of Sports (CMS). All five students had many years of 

athletic experience. At the time of the study, the average age of the students was 

19.5 years, the average height was 176±1.9 cm, and the average weight was 

69.4±3.5 kg. To assess the functional state of the students' cardiovascular system, a 

functional test - the Ruffier test - was used. The physical exercise used was 30 

squats in 30 seconds. The Ruffier index served as an integral indicator of the 

students' functional state. It was calculated based on resting heart rate (HR) and the 

first (HR1) and second (HR2) minutes after completion of the measured load. 

Adaptation indices were determined by the increase in heart rate in the first minute 

relative to the resting heart rate, which was taken as 100%. Recovery indices were 

determined by the residual increase in the second minute, also relative to the resting 

heart rate, which was taken as 100%. The obtained data were evaluated using a 

scale (Table 1) developed by M.G. Karaev and R.G. Gaibov [7].         

Of 277 students, 176 participated in the psychophysiological study. The subjects' 

psychoemotional status and performance were assessed using the Luscher 8-Color 

Test. Depending on the position of each color in the work group, the autonomic 

balance, performance, and stress levels were calculated using established formulas. 
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Table 1. Assessment of the functional state of the body based on the heart rate and 

the Ruffier index 

 

Assessment of the 

level of functional 

state 

Ruffier index 

(p.u.) 

Increase in HR1 

(%) 

Residual increase in 

HR2 (%) 

High  0 and less 30 and less 4 and less 

Above average  1-5 31-40 5-9 

Average  6-10 41-50 10-14 

Below average  11-15 51-60 15-19 

Low 16 and more 61 and more 20 and more 
 

 

 

Results and discussion 

 
     The results of the ASA study of the cardiovascular system's functional 

capabilities in student-athletes allowed us to establish average values for a number 

of functional indicators across the entire sample (Fig. 1). 

                                                                                                                                                         

Figure 1. Ruffier Index levels in students for 2015 and 2025 

 

       

A - high; B - above average; B - average; G - below average; D - low. 

 

Thus, the students' heart rate was 77.7±0.8 bpm. The integrated indicator of 

anaerobic performance—the Ruffier index—was 7.03±0.29 relative units, which, 

according to the rating scale, corresponds to its average level. The heart rate 

increase in the first minute of 47.26±1.15% and the residual increase in the second 

minute of 18.48 ± 1.11% characterize the adaptation indicators as average and the  
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recovery as below average. Analysis of individual values revealed a wide range of 

students' functional capabilities (Tables 2, 3).  
 

Table 2. Average values of functional indicators (n=277). 
 

 

Resting heart rate 

(bpm) 

Ruffier index 

(o.e) 

Adaptation rate 

(%) 

Recovery rate 

(%) 
 

77,7±0,8 
 

7,03±0,29 
 

 

47,26±1.15 
 

18,48±1,11 

 

Table 3. Results of determining the levels of functional indicators 

 

Assessment of the 

level of functional 

state 

Ruffier index 

(o.e) 

Adaptation rate (%) Recovery rate (%) 

High  -0,29± 0.4 

(n=9) 

21.72±0.90 

(n=59) 

-3.98±1.11 

(n=54) 

Above average  3.44±0.13 

(n=76) 
 

35.71±0.43 

(n=38) 

6.89±0.27 

(n=27) 

Average  8.1±0.37 

(n=158) 

45.38±0.35 

(n=72) 

11.89±0.30 

(n=36) 
 

Below average  12.0±0.25 

(n=28) 

56.25±0.65 

(n=36) 

16.70±0.24 

(n=34) 
 

Low 17.17±0.48 

(n=6) 

71.67±1.20 

(n=72) 

32.96±0.97 

(n=126) 
 

 

High anaerobic physical performance with Ruffey index values of 0.8-0.9 r.u. was 

detected in only 9 athletes, which constituted 3% of the total number of those 

examined. A similar level of adaptation indicators was observed in 4 athletes. In 

them, the increase in SI indicators in the first minute was 10-27%, and in the second 

minute of the recovery period, in 3 athletes, the residual increase was -8.3-0.1%. 

Only in two athletes were both indicators at a high level. On average, SI in these 

athletes at rest was 61.3 ± 1.2 beats per minute. Above-average anaerobic physical 

performance was noted in 78 athletes, which is also observed in the Ruffey index 

indicators of the examined (28%) in the range of 1.1-5.0 r.u. In practice, more than 

half of these athletes (50 individuals) showed specific values for the increase in 

heart rate in the first minute and the residual increase in the second minute, 

indicating that their cardiovascular system was at a high or above-average level. 

Furthermore, 18 of them showed adaptation and recovery indicators consistent with 

a high level of these processes. The average Ruffie index at rest was 67.01±0.7 

beats per minute. The average level of functional physical performance was 

revealed in 158 athletes, which constituted 56% of the total number of study 

participants, with the Ruffie index value of 5.6-10 beats per minute. In 41 students  
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with an average level of anaerobic physical performance, the adaptation and 

recovery indicators were above the average and high levels. Among them, in 10 

people, the increase in heart rate in the first minute was 0-3%, and the residual 

increase in heart rate in the second minute was 8-4%, which indicates a high level 

of both adaptation and recovery. At rest, the average heart rate variability (HRV) 

was 75.3±1.1 beats per minute. The Ruffie index values were 10.6-14 beats per 

minute, and the functional state was below average in 26 students. It should be 

noted that among them there were 4 athletes who demonstrated a high level of 

adaptation and heart rate recovery in the first and second minutes of rest. The HRV 

in a resting state was 80.3 ± 2.1 beats/min. In the remaining 6 students, the Ruffier 

index was 16.2-18.2 beats/min, which indicated a low level of anaerobic physical 

performance. The heart rate at rest was 83.0 ± 1.1 beats/min. Similar data were 

obtained in the work of Gaibov et al. [5], devoted to the study of the functional 

indicators of ASA students based on the Ruffier test. 

     A comparative analysis of the obtained results is presented in the diagram 

(Figure 1). Thus, in this study, students with a low level of functional readiness 

(2%) were identified, while the number of students with a high level of functional 

readiness decreased from 10% to 3%, but overall remained unchanged. The results 

of our research made it possible to evaluate the functional state of the students' 

cardiovascular system based on adaptation and recovery indicators, and thus obtain 

additional information about the levels of these processes. Thus, a high level of 

adaptation was revealed in 59 students. In these students, the increase in HF values 

in the first minutes of physical work was 0-27%, which averaged 21.72 ± 0.90%. 

Physical performance was observed at an above-average level in 38 students with 

an average adaptation index of 35.7 ± 0.43%. The average level of this process was 

confirmed in 72 students with an average adaptation index of 53.4 ± 0.35%. A 

below-average adaptation level was found in 36 students. The remaining 72 

students, with an average adaptation index of 71.67±1.20%, were classified as low-

level. The average adaptation index was 71.67±1.20%. Analysis of individual 

recovery index values revealed that 126 students, or almost 50% of the total number 

of those studied, had very late pulse recovery. The average recovery index 

coefficient for these students was 32.96±0.97%, indicating a low level of the 

indicator. Almost the same number of the studied students had a functional state 

above average, average, and below average, and the average recovery index values 

were 6.89±0.27%; 11.89±0.30; 16.70±0.24%, respectively. The average residual 

increase in the second minute in 54 students was -3.98%. A negative recovery index 

value indicates a high rate of pulse recovery. The “phenomenon of the negative 

pulse phase” is characterized by a decrease in pulse rate in the 2-3 minute of the 

recovery period after performing standardized muscle work and, according to the 

literature, has been studied quite well [8, 9]. 

     The Luscher test revealed average values for the sympathotonic and 

parasympathotonic responses of autonomic balance, performance, and stress (Table 

4).                                                                                                                         
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Table 4. Average values for autonomic balance, performance, and stress indicators 
 

Sympathotonic 

response (cu) 

Parasympathotonic 

response (сu) 

Performance 

(cu) 

State of stress 

(cu) 

4,2±0,2 

(n=88) 

-4,1±1.24 

(n=88) 

15.9±2.89 

(n=176) 

14.46±0.33 

(n=176) 
 

      

     As Table 4 shows, 50% of students exhibited a predominant sympathetic 

nervous system tone and a concomitant high level of catabolic processes, with a 

sympathotonic response of 4.2±0.2 c.u. The same number of students exhibited a 

predominance of parasympathetic nervous system tone, as evidenced by a negative 

parasympathotonic response of -4.1±1.24 c.u. On average, students across the entire 

sample, were characterized by an average level of performance and low levels of 

stress. 

     An analysis of the individual values of the studied indicators allowed us to divide 

the subjects into three groups (Table 5). The first group included 52 students with 

a high level of performance, with values ranging from 18.1 to 20.9 units. Sixty-two 

students had an average level of performance, with values ranging from 14.7 to 17.5 

units, and they formed the second group. The third group consisted of students with 

a low level of performance, as evidenced by the obtained values ranging from 9.1 

to 13.2 units. The vast majority of subjects, namely 130 students, were found to be 

stress-free. They were included in the first group with high performance. The 

second group included 34 students with an average level of stress. High stress 

values in 12 students placed them in the third group with a low level of performance 

and an elevated level of stress.  

                                                                                                                             

Table 5. Results of determining performance levels and stress status 
 

Level Rating Performance (cu) State of stress (cu) 

High  19,09±0,36 

(n=52) 

33,07±1,20 

(n=12) 

Average  16,3±0,34 

(n=62) 

21,81±0,35 

(n=34) 

Low 12,47±0,45 

(n=62) 

8,18±0,70 

(n=130) 

 

 

     Thus, using the Ruffier and Luscher tests, the functional state of the 

cardiovascular system and psychophysiological status of ASA students were 

assessed. The test results allowed us to assess the students' anaerobic performance 

and adaptability as average. The circulatory system's ability to recover was below 

average. Along with mild stress, the students' performance and structural-dynamic 

characteristics of their autonomic balance were average. 
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