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Study design: A group of the examined patients with arterialhypertension comprised 412 persons, living under the 
conditionsof the North and the moderate latitudes. 24-hour monitoring ofblood pressure (BP) and echocardiography 
were used. Routineheliogeophysical monitoring was conducted. Heliogeophysicalsituation at early ontogenesis of 
the examined was evaluated.Testing magnetic and hypogeomagnetic impacts were used.Results: A considerable 
disorder of the circadian rhythms ofhemodynamics manifesting as insufficient decrease of BP at nightwas revealed 
in a subgroup of the patients with arterialhypertention living in the North. Using a multifactor analysis,the 
heliogeophysical patterns of early ontogenesis were revealedin subgroups of the examined with high indices of vari-
ability,disorders of the circadian rhythms of BP. A diagnostic test usingechocardiography and testing impact by a 
constant magneticfield was developed to evaluate the hemodynamic reaction tochanges of the heliogeophysical 
environment. While studyingthe impact of hypogeomagnetic environment on some functionalfeatures of the 
cardiovascular system in the subgroup of patients,it was found that geomagnetic screening caused decrease 
ofsystolic arterial pressure, more expressed in “nondippers”.Conclusion: Thus, some hemodynamic mechanisms of 
couplingthe time organization of cardiovascular system with periodicalheliogeophysical variations developed during 
ontogenesis weredefined.
Key words: arterial hypertension, heliogeophysical environment,heliogeophysical imprinting, 24-hour blood 
pressure monitoring,
hemodynamics
INTRODUCTION
Time organization of physiological processes, developedevolutionally, is one of the bases for human health. 
Amongexternal synchronizers of human functions theheliogeophysical factors are of a great importance[1, 2]. 
Theyhave an information adjusting impact on the formation offunctional systems and strategy of human organis-
minteraction with heliogeophysical environment at earlyontogenesis[3,4]. Peculiarities and evidence of dynamic 
humanorganism interaction with heliogeophysical environmentduring different periods of ontogenesis are marked 
as«biogeophysical coupling»[4]. The cardiovascular system canbe considered as one of its integral indices.
We know that the cardiovascular systems play an importantrole in the physiological processes of adaptation of 
thehuman organism to the environment of high latitudes[5, 6].Ineffective adaptation can lead to the development of 
arterial hypertension (AH). The prevalence and severity of theclinical course of AH in immigrant population of the 
Northincreases. On the whole, among numerous diseases of theblood circulation system arterial hypertension is the 
leadingdisease in its prevalence and number of days of temporarydisability. It is a significant risk factor for the 
development ofvascular heart and brain affections[7]. AH leads to earlyinvalidism and even mortality of the pop-
ulation. Hence, it isan important indicator of the population health.Unfortunately, the role of such a geoecological 
factor as theheliogeophysical environment in predicting the risk ofoccurrence and acute condition of the disease has 
been poorlyinvestigated. At the same time, the blood pressure dynamicsalso depends on the state of external factors, 
in particular,the heliogeophysical medium[8], which plays an importantrole in the formation of ecology of the 
North[5].
 Extreme conditions of the heliogeophysical medium cancause a deterioration of the state of the cardiovascular 
system.In the period of an instable geomagnetic field, the state ofmicrocirculation deteriorates, the capillary blood 
flowdecreases, the platelet aggregation enhances, and the processof formation of blood clots accelerates[9].
The sensitivity of patients to changes in theheliogeophysical medium is not uniform. Patients withhigher vegetative 
lability and magnetosensitive patients aremore sensitive. Solar activity and the state of the Earth’smagnetic field in 
the period of early ontogenesis can have asignificant effect on the peculiarities of reaction of thecardiovascular 
system to changes in the heliogeophysicalmedium[4].



New methods of diagnostics and treatment provide aneffective help in the efforts to improve the health and life 
ofarterial hypertensives. Now, such methods include 24-hourBP monitoring and echocardiography. The circadian 
bloodpressure profile is considered to be an integral functionalcharacteristic of the cardiovascular system, which 
reflectsthe severity and pathogenetic peculiarities of the disease. Itis associated with the neuroendocrinal and 
metabolic statusof the patients and the morphofunctional characteristics ofthe cardiovascular system. On the whole, 
small variabilityof the circadian blood pressure profile at arterialhypertension is considered to be an unfavorable 
prognosticfeature[10-13].
In the light of the above data, it is clear that it is important to study in arterial hypertension a possibility of the 
dynamiccorrelation between the blood pressure and cardiac rate andthe geomagnetic activity and the formation of 
peculiaritiesof circadian geodynamic rhythms in such patients.  
The purpose of this research was to study some featuresof influence of the heliogeophysical factors during vari-
ousperiods of ontogenesis on a 24-hour blood pressure profile  and functional condition of cardiovascular system 
inpatients with arterial hypertension in the North in terms ofclinical features of a current disease.

MATERIAL AND METHODS. STUDY DESIGN
A group of the examined patients with arterial hypertensioncomprised 412 persons living under the conditions of 
theNorth: Megion city, Yakutia (n=368) and the moderatelatitudes (Novosibirsk, n=44). The age of the patients 
wasfrom 18 to 65.
In the investigation the following methods were used:
1. Clinical-diagnostic methods included 24-hour bloodpressure monitoring (Bplab, Kardiotehnica 4000BP,Russia) 
and echocardiography (Aloka SSD 1100,Japan; VIVID 3, USA). In the monitoring, the dynamicsof systolic, 
average dynamic, and diastolic bloodpressure, average pressure values in the day and nightperiods, the nocturnal 
decline, and the circadian indexwere taken into account. The state of centralhemodynamics was estimated from the 
data ofechocardiography.
2. A computer program called “Gelios – MlechnyiPut’”. This program uses a database about thecosmophysical 
situation in the period from 1900 to2000. With the help of this computer program,information about the dynamics 
of cosmophysicalfactors at any time of human life can be obtained.
3. Monitoring of the heliogeophysical environment (onthe basis of the data from orbiting space and groundstations 
of astronomic and magnetic-ionosphericobservation.
4. Estimation of magnetotropic reactions of people withthe use of a short-term diagnostic action by a constantmag-
netic field and hypogeomagnetic impacts wereused. The hypogeomagnetic test modeled decrease invalue of the 
horizontal component of the geomagneticfield characteristic of high latitudes.
A complex diagnostic approach permitting to evaluate
the dynamic features of functional responses ofcardiovascular system to changes of heliogeophysicalenvironment 
under natural and modeled conditions has beentested.
Statistical treatment of the data was carried out with thehelp of standard computer software packages Statistica 
6.0and SPSS 9.0. Also, multi-factor analysis with the use of the“solution tree” algorithm in the “LASTAN” 
computerversion developed at the Institute of Mathematics of theSiberian Branch of Russian Academy of Sciences 
wasperformed.
RESULTS
A considerable disorder of the circadian rhythms ofhemodynamics manifested as insufficient decrease of BP(less 
than 10%) was revealed in a subgroup of the patientswith arterial hypertension, living in the North. No suchincrease 
of BP circadian profile disorders was observed underthe conditions of moderate latitudes.
In the group of arterial hypertensives living in the Northof the Tyumen region (n=317), 155 (48.9%) patients 
hadnocturnal hypertension or insufficient BP nocturnal decline,136 (42.9 %) had physiological BP nocturnal 
decline. In thecomparative group of arterial hypertensives living in themoderate latitudes (Novosibirsk) (n=44), 12 
(27.3%) patientshad nocturnal hypertension or insufficient BP nocturnaldecline, 29 (65.9 %) had physiological BP 
nocturnal decline.



These figures show that the number of failures in thecircadian blood pressure dynamics increases (andinsufficient 
nocturnal blood pressure decline prevails) inthe subgroup of patients living in the North in comparisonto the occur-
rence of such blood pressure profile inhypertensive patients on the whole. In the literature, thisfigure constitutes up 
to 26%. It is necessary to note that in thesubgroup of arterial hypertensives living in the North(Yakutia, n=51), but 
24-hour BP monitoring in Novosibirsk16 (31.4%) patients had nocturnal hypertension orinsufficient BP nocturnal 
decline, 30 (58.8 %) hadphysiological BP nocturnal decline. The group of patientswith insufficient nocturnal blood 
pressure decline hadmyocardial hypertrophy of the left ventricle much more often(42%) than those with a normal 
circadian blood pressureprofile (22%).
In the subgroup of 119 patients the estimation ofcorrelation between hemodynamic values and geomagneticactivity 
was made. In case of high coupling of thehemodynamic indices with routine geomagnetic activity(n=58), the 
circadian rhythms of BP were less evident: anocturnal BP decline comprised 4.8% in this subgroup. Anocturnal BP 
decline in the examined without clearly evident“biogeophysical coupling” comprised more than 11%.
A diagnostic test using echocardiography and testingimpact of a constant magnetic field was developed toevaluate 
the hemodynamic reaction to changes of theheliogeophysical environment. In the subgroup of 28patients based on 
balance of geomagnetic activity in earlyontogenesis and at the test condition, the indices of centralhemodynamics 
such as stroke volume (SV), minute volume(MV), heart index (HI), and specific resistance of periphericvessels were 
assessed. It allowed us to describe thehemodynamic mechanisms of magnetotropic reactions atbiogeophysical inter-
action. During the testing, there was anincrease in the number of correlations between the indicescharacterizing the 
state of the cardiovascular system: thecircadian indices of 24-hour blood pressure profile andcentral hemodynamics 
(Figure 1), and the state of theheliogeophysical medium in early ontogenesis (Figure 2).This reaction can be 
considered as a manifestation ofadaptation of the cardiovascular system, which is accompanied by an increase of 
relations in the functionalsystem of blood pressure regulation and centralhemodynamics. The use of 
echocardiography to estimate thereaction of the cardiovascular system to the testing action of aconstant magnetic 
field makes it possible to estimate, in ashort time, the individual sensitivity of an organism toecological factors of 
heliogeophysical nature, which wasformed in ontogenesis.
While studying the impact of hypogeomagneticenvironment on some functional features of cardiovascularsystem in 
the subgroup of patients (n=28), it was stated thathypogeomagnetic screening caused decrease of systolicarterial 
pressure, more expressed in “nondippers” (Table I).
Using a multifactor analysis, the heliogeophysicalpatterns of early ontogenesis were revealed in the subgroupsof the 
examined with high indices of variability, disorders ofthe circadian rhythms of BP. For each of these subgroups 
ofpatients, we determined specific peculiarities of thecombination of features of the circadian blood pressuredynam-
ics with the heliogeophysiocal medium patterns inearly ontogenesis (in the process of formation of the anlageand 
cardiovascular system). Those investigated without the“biogeophysical correlation” had correlations between 
thecircadian blood pressure profile and the solar andgeomagnetic activity in the period of early ontogenesis(Figure 
3), whereas for those with the “biogeophysicalcorrelation” we observed such correlations only with thegeomagnetic 
activity level in early ontogenesis (Figure 4). 
Multi-factor analysis by using the “solution tree” algorithmof the “LASTAN” computer program showed higher 
systolicblood pressure in the nighttime during 24-hour BP monitoringof the patients with higher geomagnetic 
activity in earlyontogenesis (in the first month after birth) and a lesspronounced nocturnal BP decline during the 
monitoring ofpatients with a higher level of geomagnetic activity duringthe first month before the calculated 
conception datecorresponded.
Thus, some hemodynamic mechanisms of coupling of timeorganization of cardiovascular system with 
heliogeophysicalvariations developed during ontogenesis were determined. Abiorhythmological role of the 
geomagnetic field in formationof circadian rhythm of functional features of cardiovascularsystem was estimated. It 
confirms the adjusting role of theheliogeophysical factors in the human organism functionalintegration in 
ecosystems.



DISCUSSION
Heliogeophysical factors are universal timers. Circadianrhythms of hemodynamics are synchronized with the 
externalconditions of the environment and they are formed under theinfluence of correlation between metabolic 
and functionalsystems of the human organism. The present research showsthat influence of heliogeophysical 
factors at different stagesof ontogenesis of the surveyed persons determined in manyrespects the features of 
nonspecific reactions to change ofmagnetic and electromagnetic parameters of environment atvarious levels. 
Therefore, biorhythmological role of heliogeophysical factors for cardiovascular system is veryimportant. It is 
assumed that the modulating influence ofgeophysical characteristics of the medium like the geomagneticfield on 
the human organism is partly mediated by thecorrelation between regulatory processes in the nervous 
andendocrine systems as well as by the correlation betweenreductive-oxidative processes in cell membranes. 
Frompositions of ecological physiology, consideration of variantsof determinant synthesis in the homeostatic 
systems [14]caused by features of processes of electromagnetic regulationin the organism, appearing in various 
heliogeophysicalsituations is possible. Circadian blood pressure variation inarterial hypertensives in the North can 
be considered as afeature of external and internal desynchronism, whichdevelops at the adaptation to new 
conditions. Taking intoaccount the fact that in modern biology and, in particular, inbiophysics, the optimization of 
correlation between metabolicprocesses inside the biosystems plays a special evolutionalrole, one can speak about 
the evolutional role in the formationof optimal circadian hemodynamic rhythms in humans thatlive under North 
conditions. The peculiarities of correlationof the organism with the heliogeophysical medium (diagnosednow by 
echocardiography and by using partial geomagneticdeprivation) can reveal the forming morphofunctionalor-
ganization types of a human, which provide optimaladaptation strategies in a dynamically changingenvironment. 
The interrelations formed between thebiochemical components of the system and its spatial-structural formations, 
including the cardiovascular system,also can be considered as a coherent behavior. Within theframework of this 
behavior, there can be consistency betweenperiodic and aperiodic changes inside the system. Inaccordance with 
this concept, the sensitivity of highly non-equilibrium states to external oscillations can increaseabruptly, and the 
system response is determined mostly by itsstate[15]. In this case, one more peculiarity is the enhancementof long-
range correlations. This can partly explain the relationbetween the hemodynamic parameters and 
heliogeophysicalfactors of the medium in early ontogenesis. The imprintingmechanism of influence of the 
heliogeophysical factors duringthe various periods of ontogenesis at formation and regulationof functional systems 
is combined with its role in maintenanceof conditional afferentation, providing prestarting integrationof the 
nervous - chemical and metabolic processes, preparingthe successful action of the functional system[16].
CONCLUSION
It is shown that a decreased amplitude of circadian rhythm ofblood pressure, being combined with greater 
myocardiumhypertrophy of the left ventricular and increased sensitivityof functional performances of cardiovascu-
lar system togeomagnetic fluctuations is typical of the patients with arterialhypertension, living under conditions 
of the North.
Based on the multifactor and correlative analyses, theinfluence of the heliogeophysical factors during earlyonto-
genesis of the examined patients on the formation offunctional systems for hemodynamices regulation is shown.
A diagnostic test has been developed. Its purpose is toestimate specific individual hemodynamic sensitivity tohe-
liogeophysical factors of the medium using the testing actionof the constant magnetic field, echocardiography and 
short-term partial geomagnetic deprivation. At weakenedgeomagnetic induction the “nondippers” patients had 
moremanifested modification of blood pressure.
The clinical-diagnostic data of twenty-four hour bloodpressure monitoring analyzed jointly with the data 
ofheliogeophysical monitoring make it possible to estimate thefunctional sensitivity of the human cardiovascular 
system togeoecological factors of the medium.
Thus, a combination of disorders, of temporaryhemodynamic organization with the morphological changesof 
myocardium and peculiarities of biogeophysical couplingin different periods of ontogenesis of the examined is 
shown.This approach can be used in diagnostics and treatment ofarterial hypertension under geoecological 
conditions of theNorth.



REFERENCES
1.Halberg F. Chronobiology and chronomedicine and influenceof heliogeophysical factors on a human organism. M. 
1992.
2.Breus TK, Komarov FI, Rapoport SI. Medical effects ofgeomagnetic storms. Clinical medicine 2005; 3: 4-11.
3.Kaznacheev VP, Derjapa NR., Hasnulin VI., Trofimov AV.About a phenomenon heliogeophysical imprinting and 
itsrole in formation of types of adaptive reactions of the person.Bulletin of the Siberian branch of Academy of 
medical sciencesof the USSR 1985; 5: 3-7.
4.Trofimov AV. New horizonts of geocosmic medicine.Phenomenon of heliogeophysical imprinting. 
Novosibirsk:Publishing company Lada 2001; 220.
5.Kaznacheev VP. Mechanisms of human adaptation in theconditions of high latitudes. Moscow: Medisyna 1980; 
200.
6.Avtsyn AP, Zhavoronkov AA, Marachev AG, Milovanov AP.Human pathology in the North. Moscow: Medisyna 
1985;275.
7.Gogin EE. Hypertensive disease. Moscow 1997; 399.
8.Stoupel E, Wittenberg C, Zabludowski J, Boner G. Ambulatoryblood pressure monitoring in patients with 
hypertension ondays of high and low geomagnetic activity. J. Hum. Hypertens,1995; 9 (4): 293-4.
9.Pikin DA, Gurfinkel JI, Oraevskii VN. Influence ofgeomagnetic indignations on hemostasis system of blood 
atpatients with ischemic illness of heart and an opportunity ofmedicamentous correction. Biophysics 1998; 43 (4): 
617-622.
10.Polyakov VYa, Obykhov IV. Peculiarities of pathogenesis ofarterial hypertension in patients with insufficient 
nightdecrease of arterial pressure. Konsilium 2000; 7: 12-16.
11.Roman MJ, Pickering TG, Schwartz JE et al. Is the absence ofa normal nocturnal fall in blood pressure 
(nondipping)associated with cardiovascular target organ damage?
J. Hypertens 1997; 9: 969-78.
12.Staessen TA, Bieniaszewski L, O’Brein E et al. Nocturnal bloodpressure fall on ambulatory monitoring in a 
largeinternational database. Hypertens 1997; 29: 30-39.
13.Verdecchia P, Schillaci G, Borgioni C et al. Gender, day-nightblood pressure changes and left ventricular mass in 
essencitialhypertension dippers and peakers. Am. J. Hypertens 1995; 2:193-96.
14.Panin LE. Homeostas as determinant system. Abs. ReportNational seminar: “Homeostates and homeostatical 
networksof management, their appendix in biological natural andtechnical ñècòåìàõ ”. – Irkutsk 1986: 16-17.
15.Nikolis G, Prigozhin I. Selforganization in inequal systems.
M.: Mir 1979.
16.Trofimov AV. The Heliogeophysical Aspects of CircumpolarHealth. Int. Journal of Circumpolar Health 2001; 
60: 516-524.


