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 The index of regulatory system activity (IRSA) was previously proposed to assess 
the functional state of a human organism. The association of mental activity parameters of 
college freshmen with IRSA levels was not studied before.  The objective of our study was to 
compare the parameters of mental functions in university freshmen with different IRSA levels. 
A comparative assessment of the state of mental processes in 150 college freshmen with different 
IRSA levels was carried out. All subjects were pooled into four groups: Group 1 (n=60; IRSA =1-
3), Group 2 (n=35; IRSA =4-5), Group 3 (n=37; IRSA =6-7), and Group 4 (n=18; IRSA =8-10). 
Statistically significant (p<0.05) differences from Group 1 in the level of emotional strain and 
the index of psychological stress were found in Groups 3 and 4. Such differences from Group 1 
in the effectiveness of mental operations of classification and analysis were observed in Group 
4. We established that all male freshmen with different levels of regulatory system activity in 
our study had high rates of psychological stress and emotional strain, which could ultimately 
lead to a significant decrease in the effectiveness of their mental operations and adaptation 
failure.
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The higher education is associated with stress1, 2, 
especially in freshmen3, 4, against the background of 
memory, attention, thought processes, and changes 
in living conditions. It is well known that stress 
leads to changes in nervous system functions and 
behavior5, as well as to endocrine, cardiovascular, 
and psychosomatic disorders6, 7.
 The functional state of the cardiovascular 
system, evaluated by the heart rate variability 
(HRV) parameters, may be considered an indicator 
of the regulatory system activity in human 

organism8. The index of regulatory system activity 
(IRSA) was proposed in early 1980s to assess the 
functional state of human organism9-12 and turned 
out to be sufficiently effective for differentiating 
the levels of the regulatory system strain and 
assessing the adaptive potential of a human body. 
Later on, its computation algorithm underwent 
some improvements11, 12. This index uses a specific 
algorithm involving statistical indicators, histogram 
data and interval spectral analysis calculated. This 
indicator is often used by Russian authors13-15 
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and is actively employed in medical computer 
appliances, developed in the RF. However, it has 
been successfully used by some foreign research 
teams as well16, 17.
 The association of mental activity 
parameters of college freshmen with IRSA levels 
was not studied before. Hence the objective of our 
study was to compare the parameters of mental 
functions in freshmen with different IRSA levels.

Materials and Methods

subjects
 The study included 150 healthy young 
men 19.0 (19.0, 20.0) years of age (data presented 
as median with lower and upper quartiles). The 
criteria for inclusion into the study were as follows: 
1) written consent to participate in the study, 2) 
absence of chronic somatic and mental pathology 
in anamnesis, 3) lack of traumatic brain injuries 
and other nervous disorders, 4) verification of 
relative health at the time of the survey, and 5) 
male gender. Exclusion criteria involved refusal 
of examined subjects to participate in the study, 
positive responses to the second and third inclusion 
criteria, and confirmation of acute illness at the time 
of examination.
ethical approval
 The design of our study was approved in 
2019 by the Ethics Committee of the Saratov State 
Medical University (Saratov, Russia). Informed 
consent was obtained from all participants. All 
procedures performed in the studies, involving 
human participants, were in accordance with 
the ethical standards of the institutional research 
committee, as well as with the 1964 Declaration of 
Helsinki and its later amendments, or comparable 
ethical standards.
evaluating the functional state based on irsa 
values
 IRSA was calculated using the computer 
appliance VNS-Spectrum (Neurosoft LLC, 
Ivanovo, Russia; https://neurosoft.com/ru/catalog/
hrv-analysis/VNS-spectrum). Contemporary IRSA 
algorithm incorporates the following five criteria11, 

12

 Criterion A (Total regulatory effect) is 
computed from the heart rate (HR); Criterion B 
(Overall regulatory activity) is computed based 
on total power of HRV spectrum (TP) and SDNN, 

i.e. standard deviation of normal-to-normal RR-
intervals, where R is the peak of a QRS complex 
on an electrocardiogram (heartbeat); Criterion C 
(Autonomic balance) is computed on the basis of 
the straining index (SI) values, square root from the 
sum of squared differences of sequen tial normal 
RR-intervals (root mean square of the successive 
differences, or RMSSD), power in a high-
frequency range (0.15-0.4 Hz) of HRV spectrum 
(HF), and index of centralization (IC); Criterion 
D (Vasomotor center control of vascular tone) is 
computed from the power in a low-frequency range 
(0.04-0.15 Hz) of HRV spectrum (LF); Criterion E 
(Activity of the cardiovascular subcortex nervous 
centers, or suprasegmental regulation) is computed 
from the power in a very-low-frequency range (less 
than 0.04 Hz) of HRV spectrum (VLF).
 The IRSA value is calculated as the sum of 
the scores (their absolute values) of the above five 
criteria. IRSA values ??are expressed in numbers 
between 1 and 10. Depending on the IRSA values, 
four functional states of a study subject’s organism 
are distinguished11: i) a state of norm, or a state of 
satisfactory adaptation (IRSA = 1-3); ii) a state 
of functional strain (IRSA = 4-5); iii) a state of 
over strain, or a state of unsatisfactory adaptation 
(IRSA = 6-7); and iv) a state of regulatory system 
depletion, or an adaptation failure (IRSA = 8-10).
 All examined subjects were pooled into 
four groups, based on their IRSA values: Group 1 
(n=60) – subjects with 1-3 IRSA points, Group 2 
(n=35) – subjects with 4-5 IRSA points, Group 3 
(n=37) – subjects with 6-7 IRSA points, and Group 
4 (n=18) – subjects with 8-10 IRSA points.
Psychological analysis
 The study of mental activity parameters 
was performed using the computer appliance 
NS-Psychotest (Neurosoft LLC, Ivanovo, Russia; 
https://neurosoft.com/ru/catalog/psycho/expert).
 To measure an information stress 
impact in students as the basis for development 
of psychosomatic disorders, we used the College 
Schedule of Recent Experience-Modified 
(CSRE-M)18, 19.
 To assess the index of psychological stress, 
the questionnaire for evaluating neuropsychiatric 
stress by T.A. Nemchin [20] (Supplement A) was 
used.
 To determine an effectiveness of mental 
operations of classification, analysis and an ability 
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to identify the essential features of objects, we 
employed a verbal version of the Exclusion of 
Irrelevant Items technique (Supplement B), which 
is very popular among Russian psychologists.
statistical analysis
 We reported continuous variables as 
medians with lower and upper quartiles – Me (LQ, 
UQ). Binary variables were presented by us as 
frequencies and percentages – n (%). We applied 
the Shapiro–Wilk test to check whether the values 
were normally distributed. Since most variables 
were not normally distributed, further analysis was 
carried out using nonparametric statistical methods. 
We used the Mann–Whitney test to compare the 
values of continuous variables between the groups 
of study subjects. The results were considered 
statistically significant if the p-value was less than 
0.05.

results

 The results of assessing the level of 
emotional strain, the index of psychological 
stress, and effectiveness of mental operations 
of classification and analysis in freshmen with 
different IRSA scores are presented in the Table 
1. Statistically significant differences from Group 
1 in the level of emotional strain and the index 
of psychological stress were found in Groups 3 
and 4. Group 4 exhibited significantly different 
effectiveness of mental operations of classification 
and analysis, compared with the Group 1.

discussion

 We discovered that male freshmen in 
all groups, differing by their IRSA scores, had a 
high degree of emotional strain with a high risk 
of developing psychosomatic disorders, while 
those with unsatisfactory adaptation (Group 3) 
and adaptation failure (Group 4) had a significant 
increase in the average values of their emotional 
strain and an increase in psychological stress to 
a moderate level. All subjects exhibited a high 
level of effectiveness of mental operations on 
comparison and generalization. However, students 
with a failure of adaptive mechanisms (Group 
4) demonstrated a significant decrease in the 
effectiveness of their mental processes.
 The prospects for using HRV indicators 
to assess the resilience of mental processes have 
already been discussed in the context of modern 
scientific data21. At the same time, HRV indices 
of vagal activity (specifically, HF, RMSSD, along 
with a widely used measure of HRV – pNN50) 
are of particular importance for adults. Changes 
in HRV parameters are also known in patients 
with depressive mental disorders22. Analysis of the 
association of mental status with HRV indicators 
has been very actively studied among young 
people, including students23-26. Summarizing the 
published data, we should point out that individuals 
with different states of their mental functions 
have characteristic differences in HRV indicators, 
although the research data are somewhat different. 
Difficulties in studying such relationships could 

table 1. Comparative assessment of the psychological status in male freshmen with different IRSA levels

Parameters Group 1  Group 2  Group 3  Group 4 
 (n=60)  (n=35) (n=37) (n=18)

Emotional strain, points 349.0  393.2  465.3  477.6 
 (199.0, 420.5) (226.4, 546.0), (330.0, 571.7), (416.2, 585.5),
  p=0.561 p=0.055 p=0.045
Index of psychological  47.0  49.3  63.4  67.0 
stress, points (45.0, 53.5) (45.6, 54.7), (52.5, 72.5), (53.0, 78.6),
  p=0.482 p=0.048 p=0.036
Effectiveness of mental  14.0  15.0  12.5  9.0 
operations, points (12.0, 15.0) (12.2, 15.0), (11.0, 14.0), (8.7, 11.2),
  p=0.344 p=0.128 p=0.046

The statistical significance (p-values) of paired differences among indicators in Groups 2-4 with Group 1 is presented
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be due to the fact that different HRV assessments 
among people with certain mental status features 
are often studied simultaneously.
 In our research, we attempted to go 
the opposite way: first, to divide the subjects 
according to their HRV specificities, and then to 
compare obtained characteristics of mental status 
among the groups. It should be noted that for 
such task, an integral HRV indicator is required, 
taking into account all its properties as much as 
possible; in our opinion, IRSA can be considered 
a suitable indicator for this purpose. As a result, 
the association of the autonomic regulation of 
heart function with properties of mental status was 
reconfirmed, and potentially important additional 
information was obtained.

conclusion

 We conclude that all male freshmen with 
different levels of regulatory system activity in 
our study have high rates of psychological stress 
and emotional strain, which ultimately leads to a 
significant decrease in the effectiveness of their 
mental operations and adaptation failure.
Conflict of interest
 All authors declare no potential conflict 
of interest.

references

1. Robotham D, Julian C. Stress and the higher 
education student: A critical review of the 
literature. Journal of Further and Higher 
Education; 30: 107-117 (2006).

2. Pascoe MC, Hetrick SE, Parker AG. The impact 
of stress on students in secondary school and 
higher education. International Journal of 
Adolescence and Youth; 25: 104-112 (2020).

3. Geng G, Midford R. Investigating first year 
education students’ stress level. Australian 
Journal of Teacher Education; 40(6): 1 (2015).

4. Gunnell KE, Mosewich AD, McEwen CE, 
Eklund RC, Crocker PRE. Don’t be so hard on 
yourself! Changes in self-compassion during 
the first year of university are associated 
with changes in well-being. Personality and 
Individual Differences; 107: 43 (2017).

5. Frías-Lasserre D, Villagra CA and Guerrero-
Bosagna C. Stress in the educational system 
as a potential source of epigenetic influences 
on children’s development and behavior. Front 
Behav Neurosci; 12: 143 (2018).

6. Yaribeygi H, Panahi Y, Sahraei H, Johnston 
TP, Sahebkar A. The impact of stress on body 
function: A review. EXCLI J ; 16: 1057-1072 
(2017).

7. Chinawa JM, Nwokocha AR, Manyike PC, 
Chinawa AT, Aniwada EC, Ndukuba AC. 
Psychosomatic problems among medical 
students: A myth or reality? Int J Ment Health 
Syst; 10: 72 (2016).

8. Heart rate variability: Standards of measurement, 
physiological interpretation, and clinical use. 
Task Force of the European Society of Cardiology 
and the North American Society of Pacing and 
Electrophysiology. Circulation; 93: 1043–65 
(1996).

9. Baevsky RM, Barsukova ZhV, Ioseliani KK, 
Semenova TD. Arterial pressure and autonomic 
regulation of the heart during simulation of 
strenuous operator activity. Hum Physiol; 9(5): 
301-305 (1983).

10. Baevsky RM, Kirillov OI, Klestkin SZ. 
Mathematical analysis of heart rate under stress. 
Moscow, USSR: Nauka, 1984. (In Russ).

11. Baevsky RM, Berseneva AP. Evaluation of 
adaptive opportunities of an organism and risk 
of diseases. Moscow, Russia: Medicine, (1997).

12. Baevsky RM, Chernikova AG. Heart rate 
variability analysis: physiological foundations 
and main methods; Cardiometry; 10: 66-76 
(2017).

13. Avilov OV. Indicators of heart rate variability 
in students with psychosomatic pathology. 
Healthcare, Education and Security; 3: 19-27 
(2016).

14. Gavrilova EA. Heart rate variability and sports. 
Human Physiology; 42: 571-578 (2016).

15. Agadzhanyan NA, Severin AE, Batotsyrenova 
TE, Sushkova LT, Semenov YuN, Gomboeva 
NG. Comparison of specific features of the heart 
rate variability in students living in regions with 
different natural and climatic conditions. Human 
Physiology; 33: 715-719 (2007).

16. Fialová E, Kittnar O. The development of 
selected cardiovascular parameters in patients 
with type 2 diabetes mellitus during a spa 
treatment. Physiol Res; 64(Suppl 5): S661-S667 
(2015).

17. Davidich Y, Kush Y, Galkin A, Davidich 
N,  Tkachenko I .  Improving of  urban 
public transportation quality via operator 
schedule optimization. Journal of Urban and 
Environmental Engineering; 13(1): 23-33 (2019).

18. Anderson GE. College schedule of recent 
experience. Master’s Thesis. North Dakota State 
University, (1972).

19. Largen J. The relationship between stress, 



151OlenkO et al., Biomed. & Pharmacol. J,  Vol. 14(1), 147-151 (2021)

satisfaction, and emotional intelligence in college 
students. Master’s Theses & Specialist Projects, 
Paper 533 (2004).

20. Nemchin TA. States of neuro-psychiatric tension. 
Leningrad, USSR, (1983).

21. Perna G, Riva A, Defillo A, Sangiorgio E, 
Nobile M, Caldirola D. Heart rate variability: 
Can it serve as a marker of mental health 
resilience? Special Section on ‘Translational and 
Neuroscience Studies in Affective Disorders’ 
Section Editor, Maria Nobile MD, PhD. J Affect 
Disord; 263: 754-761 (2020).

22. Hartmann R, Schmidt FM, Sander C, Hegerl U. 
Heart rate variability as indicator of clinical state 
in depression. Front Psychiatry; 9 (2019).

23. Hammoud S, Karam R, Mourad R, Saad I, 
Kurdi M. Stress and heart rate variability during 
university final examination among Lebanese 
students. Behav Sci (Basel); 9(1) (2018).

24. Nakayama N, Arakawa N, Ejiri H, Matsuda 
R, Makino T. Heart rate variability can clarify 
students’ level of stress during nursing simulation. 
PLoS One; 13(4) (2018).

25. Jacobs K. Pilot study: heart rate variability 
analysis and mental health outcomes in university 
female hockey players. Electronic Thesis and 
Dissertation Repository, (2018).

26. Dimitriev DA, Saperova EV, Indeykina OS, 
Dimitriev AD. Heart rate variability in mental 
stress: The data reveal regression to the mean. 
Data Brief; 22: 245-250 (2018).


