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INTRODUCTION

The influence of variations in the geomagnetic field (GMF), 
cosmic rays (CRs), and hydrometeorological factors (HMF) on 
the human chrono-periodic system continues to be a subject of 
global studies, but consensus remains elusive. The temporal orga-
nization and dynamics of human rhythms evolved over the course 
of evolution under the influence of environmental factors. The cir-
cadian temporal organization has been regarded as a fundamen-
tal aspect of human organization. The circadian temporal orga-
nization was established under the influence of light oscillations, 
possessing a daily frequency due to Earth’s rotation and accompa-
nied by changes in gravity. Following the discovery of Earth’s mag-
netosphere and CRs, it became evident that biological rhythms 
and magnetic factors exhibit similar fluctuations. All of these ob-
servations suggest the involvement of magnetic factors in the for-
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mation of biological rhythms. Dysfunctions in the fluctuations of 
HMF and magnetic factors may lead to the desynchronization of 
biorhythms [1-6]. This review paper investigates the combined 
effects of fluctuations in HMF, GMF, and CRs on the chrono-struc-
ture of homeostasis and hemodynamic systems in healthy sub-
jects and patients with cardiovascular pathology. It also identifies 
the causes that contribute to the transformation of adaptive bio-
rhythms into pathological ones.

INFLUENCE OF FLUCTUATIONS IN THE 
LOCAL ATMOSPHERE CONDITIONS ON 
THE CHRONO-PERIODIC SYSTEMS IN 
PATIENTS WITH CARDIOVASCULAR 
PATHOLOGY

Human health can be affected by endogenous as well as exoge-
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nous factors. Biological rhythms and their temporal structure are 
adaptive phenomena to variations in environmental factors linked 
to the Earth’s rotation on its axis and around the sun. The study of 
homeostasis and hemodynamic chrono-periodic system under 
the impact of fluctuations of natural environmental factors is one 
of the central problems of medical science and first of all this is 
due to their applied meaning. The problems of the peculiarities of 
the chrono-structure of the organism under the influence of nat-
ural environmental factors are of the fundamental importance 
knowledge of the regularities of the formation of adaptive reac-
tions of the human organism. Seventy healthy subjects (25 females 
and 45 males) and 100 patients with hypertension (H) and 100 
with ischemic heart disease (IHD) were investigated [7]. Fifty pa-
tients with H were on the first stages (H1) and 50 patients with H 
were on II, II-III stages (H2). Clinical classification of hyperten-
sion and blood pressure were conducted according to Global Hy-
pertension Practice Guidelines which was suggested by the Inter-
national Society of Hypertension [8]. One hundred males with 
IHD (stable stenocardia) were investigated, 42 males with func-
tional class II (IHD1) and 58 males with functional class II-III, III 
(IHD2). Twenty-four patients with IHD had a myocardial infarc-
tion (MI) in the past. Those patients were investigated not earlier 
than 6 months after acute MI. Functional classification was con-
ducted according to the classification which was suggested by the 
Canadian Cardiovascular Society [9]. Control group consisted of 
healthy individuals who’s clinical and laboratory investigations 
were within normal limits. The healthy subjects had an average 
age of 49.2 years with a standard deviation of 2.0, while the pa-
tients had an average age of 54.2 years with a standard deviation 
of 3.0. Healthy subjects and patients were on unified regimen of 
diet, sleep wakefulness. Urine was collected in 3-h portions over a 
period of 72 to 120 hours (3 to 5 days) in both healthy individu-
als and patients. Each specimen was analyzed for electrolytes and 
microelements. The data of hydrometeorological indices (HMI) 
were received at 3-h intervals from the Hydrometeorological 
Service. 

• The temperature of the air (TA, °C) 
• The relative humidity of the air (RHA, %)
• The deficit humidity of the air (DHA, hPa)
• The atmospheric pressure (AP, hPa) 
• The speed of the wind (SW, m/s) 
• The general cloudiness (GC, mark)

Temporal structure (biological and HMI) parameters have 
been estimated by nonlinear least squares method for sinusoidal 
rhythms and dispersion analysis for non-sinusoidal rhythms 
[7,10-14]. The rhythms were grouped in accordance with inter-
national glossary of chronobiology [15,16] which was subjected 
to some changes [13]. The rhythms with period ranging from 3 
to 20, 20 to 28, and 28 to 96 hours were considered to be ultradi-
an, circadian, and infradian, respectively. The results showed that 
the condition of the fluctuations of TA, DHA, and RHA in Yere-

van had circadian nature. Temporal structures of AP and GC were 
not statistically significant. Fluctuations of SW had circadian and 
infradian nature and for GC ultradian character. For realization 
of correlative investigations, within 3–5 days, at 3-h intervals, 
measurements of volume of the urine, macro- and microelements 
were used, sliding them with the same 3–5 days, previous and fol-
lowing 2-days (the whole 7–9 days) at 3-h intervals measurements 
of HMI (TA, RHA, DHA, AP, SW, GC). The data indicated that 
healthy subject rhythms of water-mineral homeostasis had sig-
nificant correlative connections (91%) with the rhythms of HMI 
(external synchronization). Correlative conjunctions of indices 
were investigated taking into account the outsprint or delay of 
the acrophases of biorhythms relative to the acrophases of HMI. 
The data indicated that in healthy subjects, the acrophases of the 
rhythms of water-mineral homeostasis [7] were outstripped (73%) 
to the acrophases of rhythms HMI (Table 1). In healthy subjects, 
the acrophases of biorhythms in 15% of cases occurred simulta-
neously with the acrophases of HMI rhythms. Healthy individu-
als were characterized with the circadian structure of water-min-
eral and with different value of parameters (mesor and amplitude). 
Acrophases of the temporal organization were individual. In healthy 
subjects acrophases of water-mineral homeostasis outstripped to 
the acrophases of the rhythms of HMI (Figure 1). The results in-
dicated that there were changes in water-mineral homeostasis, 
starting from the early stage, in patients with IHD and H (Figure 1). 
The data witnessed that in the early stage of H and IHD the elec-
trolytes and trace elements excretion rhythms in 22%–23% were 
statistically non-significant. Among the significant rhythms infra-
dian prevail (46%–53%), statistically significant rhythms of wa-
ter-mineral homeostasis were not revealed in most of patients in 
the late stage IHD and H (31% and 32%, respectively). Among 
statistically significant rhythms, the circadian prevailed (48%–
54%). The results indicated that in individuals with IHD and H1, 
H2 acrophases of electrolytes and trace elements homeostasis 
outstripped (32%–38%) to the acrophases of the HMI rhythms. 
These data were statistically significantly smaller in comparison 
with results of the healthy subjects [7]. Acrophases of rhythms 
IHD in 17% of cases were simultaneous with the acrophases of 
rhythms HMI (Figure 1). Circadian variations in urinary excretion 
of macro- and microelements have been reported by Kanabrocki 
et al. [17]. The authors investigated changes by observing each 
subjects for 27 hours. With that approach, the researchers were 
only able to determine whether there was a circadian sinusoidal 
oscillation or not. Data obtained from others authors [7,18-20] 
were different from the results reported by Kanabrocki et al. [17]. 
These differences were connected with ecological, hydrometeo-
rological features and the difference of bio-rhythmological ap-
proach. Healthy subjects’ water-mineral homeostasis had signifi-
cant correlative connections with the rhythms of HMI (external 
synchronization). The data of patients with H1 and IHD have 
shown 31%–37% non-significant correlative connections be-
tween biorhythms and the rhythms of HMI (external desynchro-
nizations). In patients with IHD and H acrophases of biorhythms 
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often were simultaneous (17%–24%) or delayed (14%–17%) rel-
ative to the HMI rhythms. That data indicated the direct influ-
ence on the chrono-structure of an organism by the fluctuations 
of HMI and decrease of adaptive possibilities of water-mineral 
chrono-periodic system in cardiovascular pathology. The season-
al frequency of myocardial infarction (MI) morbidity exhibits a 
periodic pattern characterized by a single peak in January. Subse-
quently, the probability of morbidity gradually decreases, reach-
ing its lowest point in July and August, before gradually rising 
again in November and December [21]. The changes of urinary 
excretion function are adequate parameter for determination of 
meteo-sensitivity [22]. The research result of Hayrapetyan et al. 
[23] showed that correlative connections between the rhythms of 
HMI and temporal structures of water-mineral homeostasis in 
healthy subjects and in SVD had seasonal character with positive 
or negative nature.

INFLUENS OF FLUCTUATIONS 
IN THE SPACE WEATHER ON THE 
CHRONOPERIODIC SYSTEM IN THE 
PATIENTS WITH CARDIOVASCULAR 
PATHOLOGY

There is a hypothesis that the oscillations of the GMF may be 
regulatory mechanism of cells acting through the ion cyclotron 
resonance mechanism has been proposed [24]. Every living be-
ing has specific sensitivity to the strength and frequency of varia-
tions of GMF [24,25]. Laboratory investigations showed the effect 
on ion cyclotron mechanism on extracted cardiomyocytes regu-
lation [26]. According to this investigation, it remains unclear 
whether the GMF has an effect on the heart of the healthy indi-
viduals and patients with cardiovascular pathology. Researches 
have investigated the effect on healthy individuals’ cardiovascular 
system in the absence of GMF. When healthy individuals were 
isolated from the GMF and compared to a control group, a statis-
tically significant increase in capillary blood flow and average re-
duction in diastolic blood pressure on was found [27]. In another 
study was evaluated how oscillations in the GMF affect cardiovas-
cular regulation under laboratory conditions. Baroreflex sensitiv-
ity showed statistically significant negative correlative connections 
between increasing GMF fluctuation and baroreflex sensitivity, 
heart rate variability (HRV), and arterial blood pressor. These con-
clusions support the theory that GMF variation affect neural car-
diovascular regulation center [28]. The decrease of baroreflex sen-
sitivity may lead to higher mortality after MI [29].

The GMF is a constantly changing. In winter, spectral power of 
GMF decreases. In spring, starts to increase and reaches the peak 
in summer. In autumn, the strength of GMF starts decrease to 
the lowest points in winter [30]. It was shown that variations in 
the GMF statistically significantly reduces melatonin effect posi-
tive levels. It is assumed that melatonin can have a positive effect 
on patients with cardiovascular pathology [31,32]. Melatonin im-
proves of the heart microcirculation [33]. In this way, reduced Ta
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levels of melatonin can promote development of ischemia due to 
variations in GMF.

Lithuanian scientists have found correlation between HRV and 
GMF strength. Some studies have shown that ANS (automatic 
nervous system) responds to solar and geomagnetic activity [34-
36]. Stoupel and Collegues [37,38] also found out that number of 
acute MI events after low GMF activity and high CRs days of in-
creased their obtained results indicate that GMF can be related to 
development of MI. These investigations indicate that the effects 
of variations in GMF should be studied by analyzing the strength 
of fields in frequency ranges. Ability to measure variations of low 

frequency GMF provides an opportunity for scientists to begin 
more detailed future studies. Lithuanian scientists have found that 
lower number of MI cases has negative correlation with changes 
in GMF (S Delta, S Theta, S Alpha, S Beta) frequency. The varia-
tions in the GMF high frequency (S Gamma) range are correlated 
with a higher number of MI cases [30].

Many studies have focused on how geomagnetic factors may 
influence on human organism [39]. The results of many investi-
gations show that variations in the geophysical environment 
could affect the functions of human organism [40,41]. As it is in-
dicated cardiovascular and nervous chrono-periodical systems re-
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bayan et al. Chronobiol Med 2021;3:35-39 [7].



Hamlet G. Hayrapetyan, et al CIM / 7

spond to variations in geomagnetic factors. The most cases, these 
reactions of organism are acquired adaptive character. However, 
these protective reactions from chrono-periodical systems of or-
ganism to variations in environmental factors is not observed on 
pathology [42]. Those protective reactions went out in the late 
stage of the cardiovascular pathology. Dorman et al. [43] and 
Stoupel [44] describe how space weather factors and GMF may 
affect the pathological process, especially in the pathology of the 
cardiovascular and nervous systems. Many scientific studies have 
shown on relationship between geomagnetic disturbances (For-
bush decreases of cosmic ray intensity) and pathological process 
(ischemic attacks, MI). 

CONCLUSION

During the last years, interest in the role of environmental fac-
tors in biological systems had increased [1-4,20,23]. The results 
of these investigations were contradictory. It was partly connect-
ed with the absence of unification methods, patient grouping, and 
sometimes lack of techniques to identify important indices. Be-
sides, these studies were mostly carried out taking into account 
the temporal structure of an organism and environmental factors. 
From the point of system approach, the problem of adaptation is 
closely connected with an individual reaction of every organism 
to factors of stress. Bio-rhythmologicl research indicated that 
many pathological functions are accompanied by disorders of 
temporal structure of an organism [45].

The organism is a complex system regulated by certain laws. 
There is hardly any reason to consider biorhythmological charac-
teristics as something special that does not obey these laws, espe-
cially since chronobiological components are threads that closely 
connect the organism with the biosphere and the cosmos. Nor-
mally, there should be no rigid links between individual indica-
tors. Each indicator varied quite widely in healthy individuals. 
Probably, in healthy individuals, this is a certain backlash and en-
sures the adaptation of the body to changing environmental con-
ditions. As is known the adaptation of an organism is associated 
with evolutionarily determined mechanisms its functional sys-
tems, which belong to the rigid links of adaptation. Adaptation is 
also associated with individually acquired qualities through which 
flexible forms of interaction with environmental factors are pro-
vided. Thus, the defining qualities of the external world have been 
created as necessary links in dynamic interactions with the envi-
ronment that overwhelms them. In our opinion, the basis of the 
advance of the acrophases of biorhythms in relation to the acro-
phases of environmental factors is the ability of the organism to 
reflect the surrounding world with the help of the anticipatory re-
flection of reality [45,46]. Earlier, we reported that in healthy sub-
jects’ parameters of the chrono-periodic systems are mainly char-
acterized by statistically significant rhythms with circadian periods 
and definite value of mesors and amplitudes. Acrophases of the 
rhythms were mostly individual. At the same time in practically 
healthy individuals acrophases of the biorhythms were outstripped 

to the acrophases of the rhythms of environmental factors. It 
should be noted that according to the theory of induced noise, 
biological objects are open nonlinear systems for whose behav-
ior the effect of the influence of weak external factor are in con-
trast to intuitive representation fundamental [47]. In the study of 
biological rhythms, it was demonstrated that under certain con-
ditions, under the influence weak violations of biological oscilla-
tions including of pulsating heart and brain cells spontaneously 
become synchronizers and begin to beat unison. It has been shown 
that stable rhythms can suddenly collapse and at the same time 
chaotic movements occur, which sometimes lead to fatal conse-
quences. The ambiguity in the response of complex nonlinear 
systems to weak influences is evident, as it depends not only on 
the influencing factor but also on the state of the system itself [48]. 
Building upon these theories, one can also posit that the advance-
ment of biorhythm acrophases in relation to environmental fac-
tors represents a form of self-regulation within chrono-periodic 
systems. These typical responses of the chrono-periodic systems 
to the acrophases of environmental factors should be considered 
primary adaptive, i.e. physiological reaction. Living creatures are 
organized not only in space but also in time. In our opinion, it be-
comes necessary to study the effect of fluctuations of GMF, CRs 
on chrono-periodic systems and temporal structure of melatonin, 
adenosine in healthy subjects and patients with cardiovascular 
pathology. It is also becoming relevant to study not only neutron 
oscillations of CRs but oscillations of other particles too (electrons, 
photons, protons, and muons). Evolutionary, a human organism 
is adapted to the natural geomagnetic environment, HMF, and 
its slight variations. Every organism has specific sensitivity to the 
strength and frequency of fluctuations of GMF and HMF. We 
look forward those future studies of chrono-periodical systems 
that will determine these problems and will help to reveal the ad-
equate parameters of meteo-sensitivity. These investigations will 
also help in the organization of pathogenetic therapy (chrono-
therapy) in patients with cardiovascular pathology.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

Availability of Data and Material
Data sharing not applicable to this article as no datasets were 
generated during the study. However, aggregated findings and 
summarized data are available upon request to maintain trans-
parency and facilitate further research in related fields.

Author Contributions
Conceptualization: Hamlet G. Hayrapetyan. Data curation: Lyusya 
A. Babayan. Project administration: Lyusya A. Babayan. Formal 
analysis: Jon K. Karapetyan. Investigation: Vahe H. Babayan. Re-
sources: Lyusya A. Babayan. Writing—original draft: Narine A. 
Gasparian. Writing—review & editing: Naira K. Atoyan.



Fluctuations in LAC and SW in CP Patients8 / CIM

ORCID iDs
Hamlet G. Hayrapetyan 
https://orcid.org/0000-0002-8764-5623
Lyusya A. Babayan 
https://orcid.org/0000-0002-1313-816X

Funding Statement
None

Acknowledgments
The authors wish to thank Ashot A. Chilingarian for special assis-
tance. Doctor of Science (Physics and Mathematics), Professor, 
head of CYD, Physics Institute (Address: 2 Alikhanyan Brothers, 
Yerevan, Republic of Armenia).

REFERENCES

1. Breus TK. [Chronobiology and heliobiology-studies of factors infusing the 
formation of biological rhythms]. In: [Chronobiology and chronomedi-
cine]. Moscow: Peoples’ Friendship University of Russia, 2018, p. 41-63. 
Russian

2. Komarov FI, Rapoport SI, Breus TK, Chibisov SM. Desynchronization of 
biological rhythms in response to environmental factors. Clin Med 2017;95: 
502-512.

3. Komarov FI, Rapoport SI, Breus TK, Chibisov SM. [Desynchronization of 
biological rhythms in response to the impact of environmental factors]. In: 
[Chronobiology and chronomedicine]. Moscow: Peoples’ Friendship Uni-
versity of Russia, 2018, p. 80-107. Russian 

4. Ozheredov VA, Chibisov SM, Blagonravov ML, Khodorovich NA, Demur-
ov EA, Goryachev VA, et al. Influence of geomagnetic activity and earth 
weather changes on heart rate and blood pressure in young and healthy 
population. Int J Biometeorol 2017;61:921-929. 

5. Wanliss J, Cornélissen G, Halberg F, Brown D, Washington B. Superposed 
epoch analysis of physiological fluctuations: possible space weather con-
nections. Int J Biometeorol 2018;62:449-457.

6. Zeng W, Liang X, Wan C, Wang Y, Jiang Z, Cheng S, et al. Patterns of mor-
tality from cardiac-cerebral vascular disease and influences from the cos-
mos. Biol Rhythm Res 2014;45:579-589.   

7. Babayan LA, Hayrapetyan HG, Gulyan AK, Sarafyan PK, Vardanyan HA, 
Danoyan HE, et al. Correlative connections between chronostructures of 
water-mineral homeostasis and weather indices in cardiovascular patholo-
gy. Chronobiol Med 2021;3:35-39.

8. Chopra HK, Ram CVS. Recent guidelines for hypertension. Circ Res 2019; 
124:984-986.

9. Cox J, Naylor CD. The Canadian Cardiovascular Society grading scale for 
angina pectoris: is it time for refinements? Ann Intern Med 1992;117:677-
683. 

10. Halberg F, Johnson EA, Nelson W, Runge W, Sothern R. Autorhythmome-
try: procedures for physiologic self-measurements and their analysis. Physi-
ol Teach 1972;1:1-11.

11. Bingham C, Cornélissen G, Halberg E, Halberg F. Testing period for single 
cosinor: extent of human 24-h cardiovascular ‘synchronization’ on ordinary 
routine. Chronobiologia 1984;11:263-274.

12. Aslanian NL, Shukhian VM, Krishian EM, Babaian LA, Airapetian LA. 
[Dispersion method for determining recurrence of circadian curves of ex-
cretion of urine, sodium and potassium]. Lab Delo 1984:49-50. Russian

13. Aslanian NL. [Some recommendation for methods of biorhythmological 
investigation in clinical medicine]. In: Komarov FI, Romanov YA, editors. 
[Problems of chronobiology, chronopathology, chronopharmacology and 
chronomedicine]. Ufa: Medical Institute, 1985, p. 25-26. Russian 

14. Krishchian EM. [Application of approximation methods for sinusoidal 
rhythms revealing]. In: Komarov FI, Romanov YA, editors. [Problems of 
chronobiology, chronopathology, chronopharmacology and chronomedi-
cine]. Ufa: Medical Institute; 1985, p. 36-37. Russian

15. Halberg F, Carandente F, Cornelissen G, Katinas GS. [Glossary of chrono-

biology (author's transl)]. Chronobiologia 1977;4(Suppl 1):1-189. Italian
16. Carandente F. Glossary of chronobiology. Ric Clin Lab 1984;14:149-156.
17. Kanabrocki EL, Scheving LE, Olwin JH, Marks GE, McCormick JB, Hal-

berg F, et al. Circadian variation in the urinary excretion of electrolytes and 
trace elements in men. Am J Anat 1983;166:121-148.

18. Babayan LA, Chibisov SM, Gulyan AK, Sarafyan PK, Ivanyan SA, Mirzoy-
an IA. Temporal organization of electrolytes and trace elements homeosta-
sis in cardiovascular pathology and in immobilization stress. Insights 
Biomed 2019;4:14.

19. Smolensky MH, Hermida RC, Portaluppi F. Comparison of the efficacy of 
morning versus evening administration of olmesartan in uncomplicated 
essential hypertension. Chronobiol Int 2007;24:171-181.

20. Babayan LA, Hayrapetyan HA, Gulyan AK, Danoyan HE, Vardanyan HA, 
Gasparyan NA, et al. Influence of hydrometeorological indices on electro-
lytes and trace elements homeostasis in patients with ischemic heart dis-
ease. Int J Biometeorol 2020;64:2171-2176. 

21. Grigoryan SV, Ashrapyan LG. Chronobiology and chronomedicine. Mos-
cow: RUDN, 2018, p. 653-675.

22. Tromp SW. Clinical applications of human biometeorology. Tidsskr Nor 
Laegeforen 1968;88:1465-1471.

23. Hayrapetyan HG, Babayan LA, Danoyan HE, Vardanyan HA, Petrosyan 
ZS, Karapetyan JK, et al. Seasonal factors of adaptation of water-mineral 
chronoperiodical system in healthy individuals and patients with syndrome 
of vegetative dystonia. Chronobiol Med 2022;4:75-80.

24. Liboff AR. A role for the geomagnetic field in cell regulation. Electromagn 
Biol Med 2010;29:105-112.

25. Alabdulgade A, Maccraty R, Atkinson M, Vainoras A, Berškienė K, Mauricienė 
V, et al. Human heart rhythm sensitivity to earth local magnetic field fluc-
tuations. J Vibroeng 2015;17:3271-3278.

26. Gaetani R, Ledda M, Barile L, Chimenti I, De Carlo F, Forte E, et al. Differ-
entiation of human adult cardiac stem cells exposed to extremely low-fre-
quency electromagnetic fields. Cardiovasc Res 2009;82:411-420.

27. Gurfinkel YI, At’kov OY, Vasin AL, Breus TK, Sasonko ML, Pishchalnikov 
RY. Effect of zero magnetic field on cardiovascular system and microcircu-
lation. Life Sci Space Res (Amst) 2016;8:1-7.

28. Gmitrov J, Gmitrova A. Geomagnetic field effect on cardiovascular regula-
tion. Bioelectromagnetics 2004;25:92-101.

29. Garcia R, Sosner P, Laude D, Hadjadj S, Herpin D, Ragot S. Spontaneous 
baroreflex sensitivity measured early after acute myocardial infarction is an 
independent predictor of cardiovascular mortality: results from a 12-year 
follow-up study. Int J Cardiol 2014;177:120-122.

30. Jaruševičius G, Rugelis T, McCraty R, Landauskas M, Berškienė K, Vaino-
ras A. Correlation between changes in local earth’s magnetic field and cases 
of acute myocardial infarction. Int J Environ Res Public Health 2018;15:399.

31. Raygan F, Ostadmohammadi V, Bahmani F, Reiter RJ, Asemi Z. Melatonin 
administration lowers biomarkers of oxidative stress and cardio-metabolic 
risk in type 2 diabetic patients with coronary heart disease: a randomized, 
double-blind, placebo-controlled trial. Clin Nutr 2019;38:191-196.

32. Vazan R, Pancza D, Béder I, Styk J. Ischemia-reperfusion injury--antiar-
rhythmic effect of melatonin associated with reduced recovering of contrac-
tility. Gen Physiol Biophys 2005;24:355-359.

33. Zhou H, Zhang Y, Hu S, Shi C, Zhu P, Ma Q, et al. Melatonin protects car-
diac microvasculature against ischemia/reperfusion injury via suppression 
of mitochondrial fission-VDAC1-HK2-mPTP-mitophagy axis. J Pineal Res 
2017;63:e12413. 

34. McCraty R, Atkinson M, Stolc V, Alabdulgader AA, Vainoras A, Ragulskis 
M. Synchronization of human autonomic nervous system rhythms with 
geomagnetic activity in human subjects. Int J Environ Res Public Health 
2017;14:770. 

35. Alabdulgader A, McCraty R, Atkinson M, Dobyns Y, Vainoras A, Ragulskis 
M, et al. Long-term study of heart rate variability responses to changes in 
the solar and geomagnetic environment. Sci Rep 2018;8:2663. 

36. Timofejeva I, McCraty R, Atkinson M, Joffe R, Vainoras A, Alabdulgader 
AA, et al. Identification of a group’s physiological synchronization with 
earth’s magnetic field. Int J Environ Res Public Health 2017;14:998.

37. Stoupel E, Tamoshiunas A, Radishauskas R, Bernotiene G, Abramson E, Is-
raelevich P. Acute myocardial infarction (AMI) (n-11026) on days of zero 
geomagnetic activity (GMA) and the following week: differences at months 
of maximal and minimal solar activity (SA) in solar cycles 23 and 24. J Basic 



Hamlet G. Hayrapetyan, et al CIM / 9

Clin Physiol Pharmacol 2012;23:5-9. 
38. Stoupel E. Atherothrombosis: environmental links. J Basic Clin Physiol 

Pharmacol 2008;19:37-47. 
39. Zenchenko TA, Breus TK. The possible effect of space weather factors on 

various physiological systems of the human organism. Atmosphere 2021; 
12:346.

40. Cornélissen G, Halberg F, Breus T, Syutkina EV, Baevsky R, Weydahl A, et 
al. Non-photic solar associations of heart rate variability and myocardial 
infarction. J Atmos Sol Terr Phys 2002;64:707-720.

41. Dimitrova S, Mustafa F, Babayev E. Geomagnetic activity variations of solar 
origin and dynamics of sudden cardiac deaths. 15th International Scientific 
Conference Space, Ecology, Safety; 2019 November 6-8; Sofia, Bulgaria. So-
fia: Bulgarian Academy of Sciences; 2019, p. 324-328.

42. Dimitrova S. Relationship between human physiological parameters and 
geomagnetic variations of solar origin. Adv Space Res 2006;37:1251-1257.

43. Dorman LI, Iucci N, Ptitsyna NG, Villoresi G. Cosmic rays as indicator of 

space weather influence on frequency of infarct myocardial, brain strokes, 
car and train accidents. Proceedings of the 27th International Cosmic Ray 
Conference; 2001 August 7-15; Hamburg, Germany. Geneva: International 
Union of Pure and Applied Physics; 2001, p. 3511-3514.

44. Stoupel E. The effect of geomagnetic activity on cardiovascular parameters. 
Biomed Pharmacother 2002;56(Suppl 2):247-256. 

45. Babayan LA, Gulyan AK, Sarafyan PK, Gaspatyan NA, Mirzoyan IA. [Patho-
physiology of biorhythms]. Yerevan: Meknark, 2018. Armenian

46. Anokhin PK. [Anticipatory reflection of reality]. Russian Stud Philos 1962; 
7:97-112. Russian

47. Horsthemke W, Lefever R. Noise-induced transitions: theory and applica-
tions in physics, chemistry, and biology. Berlin: Springer Berlin Heidelberg; 
1984. 

48. Winfree AT. The geometry of biological time: interdisciplinary applied 
mathematics (vol. 12). New York: Springer; 2001.


