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Abstract
Background: Geomagnetic storms strongly affect the human cardiovascular system, misbalancing
adaptive mechanisms and causing severe adaptive stress responses at all levels of body regulation.
Most physiological changes occur after a de ned period following geomagnetic climate alterations, this
‘delay period’ lasts for 2-3 days.
Methods: In total, 4730 patients admitted between 2015 and 2017 due to acute coronary syndrome (ACS)
and acute onset of arrhythmias have been included into the study.
Results: Higher time varying magnetic eld (TVMF) activity in low frequency ranges is associated with
lower number of admissions due to ACS, while higher TVMF activity in high frequency ranges is
associated with increased risk for ACS occurrence. The greater TVMF activity in low frequency ranges is
associated with higher rates of admission due to cardiac arrhythmias. Additional ACS analysis showed
that red blood cell count decreases with increased MF strength in low frequency ranges, while white blood
cells and platelets count increases in the same MF frequency ranges. The highest serum osteocalcin level
was found 3 days after certain MF strength changes in low frequency ranges in patients with ACS. Strong
correlations were found between more than 2 cases of AMI per day and MF strength changes 2- and 3days before admission.
Conclusions: Earth’s local magnetic eld is strongly related on human cardiovascular system metabolism
and neural regulation. Increased Magnetic eld activity in low frequency ranges is associated with heart
metabolism and may induce better cardiovascular health, while increased magnetic eld activity in high
frequency ranges leads to heart problems especially to occurrence of ischemic heart disease and arterial
hypertension.

Background
Geomagnetic climate changes undoubtedly affect living organisms [1-8]. It was noticed that birds, sh,
and insects navigate in the environment mainly by Earth geomagnetic eld oscillations [1]. Interestingly,
geomagnetic eld (GMF) impact on the tone of the vascular wall has been repeatedly proved, [2-8]
highlighting that GMF changes independently to other geomagnetic climate factors strongly modulate
blood pressure (BP) changes [2]. Even more, it was noticed that geomagnetic storms (GMS) created by
solar ares [2] misbalancing adaptive mechanisms and causing severe adaptive stress responses most
heavily impact cardiovascular system regulation mechanisms [9, 10] manifesting as decrease of the
heart rate variability (HRV) and blood ow, and increase in platelet aggregation activity, coagulation, and
blood viscosity even in healthy people [9].
Nevertheless, it has been shown in many studies that physiological changes occur with a delay after the
change in magnetic or solar activity [9, 11-14]. The phenomenon is called ‘delay phase’ and take from
hours up to 2-3 days following GMF alterations [9, 11-14]. Additionally, it was noticed that a diseased
system lost its adaptative to uctuation in the GMF mechanisms [15]. It was noticed that cardiovascular
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diseases signi cantly reduce subjects’ sensitivity to GMF changes which may lead to critical health
deteriorations [15]. Scientists have claimed that physiological changes are minimal if noticeable at all
when it is normal susceptibility to GMF changes [15].
Association between human beings and the magnetic Environment could be explained by overlaps
between human brain waves captured on an electroencephalogram (EEG) and Schumann resonance
waves [9, 12, 16 - 18] and eld-line resonances. It was stated, that that Schnumman resonances start at
7.83 Hz and there are 8 of all of them which overlap with EEG rhythms. Field-line resonance oscillations
(0.1 Hz) corresponds to heart rhythm activity, and oscillations of the autonomic nervous system [9, 1618]. Andey et al.[ 19-21] have observed the relation between GMF intensity changes and neurohumoral
regulation in early 1990 and highlighted the autonomic nervous system ability to modulate the
baroreceptor activity and regulate intracellular processes resulting in BP regulatory re ex in both normal
and cardiovascular diseases [19-21]. The negative effect of increased GMF disturbances on
baroreceptors responsiveness may result in decreased HRV and increased BP variability [19, 22]. These
processes may lead to higher mortality in patients with myocardial infarction [19, 22-23]. Even more,
isolation from magnetic eld results in diastolic BP reduction of 2 mmHg and improvement of capillary
blood ow at 17% [24]. If we assume that increased GMF intensity, increases vascular tone, and most
possible, that the stronger the GMF, the greater vascular tone, which may progress to even life-threatening
conditions. Interestingly, a stronger negative effect of the local Earth magnetic eld (LMF) on onsets of
acute atrial brillation (AAF) has been observed in hypertensive patients [25-27]. LMF strength
uctuations resulting in HRV reduction and heart rate (HR) increase may provoke heart arrhythmias [28].
This tendency is most evident in hypertensive patients’ group [27]. It was recently found that increased
LMF activity in low frequency ranges is associated with increased number of acute atrial brillation and
atrial utter [21]. It appears, that a higher LMF intensity in the low frequency ranges is associated with
onsets of arrhythmia while in high frequency range – with ischemic cardiac events [21, 23, 29]. Despite
various studies of GMF effects on the cardiovascular system there have been confusing results.
Therefore, this study was aimed to further clarify the impact of the changes of LMF intensity on various
cardiovascular disorders.

Methods
In total, 4,730 patients admitted due to acute cardiovascular disorder including coronary syndromes
(ACS) and myocardial infarction (MI) with or without ST segment elevation and unstable angina and
acute onset of arrhythmias have been included into this single centre multivariate observational
prospective study, which was executed between 1 January, 2015 and 31 December 2017 in Kaunas,
Lithuania.
Patients’ demographic parameters including age and gender, medical history including comorbidities and
previous cardiac procedures, laboratory, and instrumental test results, as well as treatment methods were
collected from medical records during hospital stay period.
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All patients according to their primary diagnosis have been divided into two groups: 1) ACS group
consisted of 4,400 patients; 2) and arrythmias group which consisted of 330 patients. The rst group was
further divided into two subgroups according to ST segment changes. First-time MI patients from with ST
segment elevation was subtracted, although certain neurohormonal biomarkers from this group was
analysed for the expression of the ‘delay effect’.
Magnetometer data was obtained from the magnetometer located in Lithuania which was continuously
collected by the Global Coherence Monitoring Network. The time varying MF was observed in two
(north/south and east/west) orientations. Following HeartMath institute scientists’ recommendation
east/west detectors data was used for analyses in this study. The local magnetic eld (LMF) strength has
been measured in pico-Teslas (pT). Power of certain frequency interval was calculated in pT2. The LMF
was analysed in ve frequency ranges that overlap with the EEG ranges [Hz], but to differentiate those
magnetic eld frequency ranges which are in same range as the EEG bands we add an S in front: (SDelta)
[0; 3.5 Hz], (STheta) [3.5; 7 Hz], (SAlpha) [7; 15 Hz], (SBeta) [15; 32 Hz], (SGamma) [32; 65 Hz]. We also
include a range [0; 65 Hz] where all frequency bands were summed in one, in order to observe correlations
in summarised spectrum. Analogous indication of Schumann resonances was proposed [23]
Statistical analyses were performed using the software package SPSS 20.0. The chosen level of
signi cance was 𝑝 < 0.05.
The local Ethical committee approval No. BEC-MF-126 20 was obtained.
All patients provided their informed consent for the study and all study methods were performed in
accordance with the relevant guidelines and regulations.

Results
A lot of interesting and novel results have been detected during this multiple observational study.
The rst thing we observed in this study was that the strength of the resonant frequencies in local
magnetic eld, is continually changing (Fig.1). Tendencies of LMF weakening were observed between
2014 and 2016, when LMF was the weakest during the observational period. It was observed that an
abrupt increase of LMF strength occurred from 2016 to 2017, and that since then the amplitude of the
LMF resonances has continued to increase showing the highest ever observed values in 2019 (Fig. 1).
Moreover, it is noticeable that LMF reaches its highest peaks in July-August and decreases to lowest
value in winter months – December and January. Scientists have suggested that people are able to better
tolerate LMF increases in the Spring season as compared to its decrease in the Autumn [23].
Schumann resonances in four countries are shown in Fig. 2. It is clearly seen that the peaks of
resonances are the same all around the World and differ only in their intensities in the different frequency
ranges. The most expressed LMF intensities are in SDelta range (0-3,5HZ), which usually is related with
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Earth terrene uctuations and in SGamma range (32-65Hz), which is mostly related to country electricity
networks frequency.
A huge part of our study was based on ischemic cardiac events, which had a signi cant positive
correlation between ACS and increased LMF activity in the high frequency range (SGamma). These
tendencies are the best illustrated by number of acute myocardial infarction cases per week in relation
with LMF changes (Fig. 3). It was found that a higher LMF activity in the low frequency ranges is
associated with lower number of admissions due to ACS, while a higher LMF activity in high frequency
ranges is associated with increased risk for ACS occurrence. These tendencies remained the same during
all seasons, with the only difference being in the level of expression and in the strength of correlation. It is
interesting, that a greater LMF activity in the low frequency ranges was associated with higher rates of
admission due to cardiac arrhythmias (Fig. 4).
In patients admitted due to AMI, several additional analyses were conducted. Interesting results were
found in the analyses of blood test parameters’ and the associations with changes in LMF strength. It
was observed that total blood count signi cantly correlates with LMF changes in low frequency range.
Red blood cells count decreases with increased LMF strength in low frequency ranges, while white blood
cells and platelet counts increases in the same frequency ranges (Fig.5). Completely different results
were found in an analyses of serum Chlorine to Natrium ratio (Cl/Na). It replicated admission due to ACS
results, showing moderate to strong negative correlations with the low frequency ranges and moderate
positive correlations in the SGamma range (Fig. 6). This suggests that Cl/Na is strongly associated with
occurrence of AMI. Similar results have been found in analysis of the blood osteocalcin levels (Fig. 7).
Osteocalcin is released from bones in presence of acute stress and starts to act in several minutes to
modify overall body metabolism, preparing it to deal with stressful situations. In other words, osteocalcin
may be considered as a stress hormone. It is not surprising that serum osteocalcin level is elevated in
patients suffered from AMI. Nevertheless, this study has shown that in patients with AMI the highest
serum osteocalcin levels were found 3 days after certain LMF strength changes occurred in the low
frequency ranges. This part of our analyses has strongly con rmed the existence of a ‘delay effect’
lasting for 2-3 days. This means, that it takes about 2-3 days for the expression of these blood changes
to occur after the change in the LMF strength.
Impressive results were found in sub-analysis where we focused only on days when more than 2 AMI
cases were admitted, pretending that a smaller number of cases might only be coincidence and unrelated
to changes in LMF activity. Strong signi cant correlations (r>0.8, p<0.05) were found between the number
of cases admitted per day and the LMF strength changes 2- and 3- days before admission (Fig. 8).

Discussion
This is the rst study we are aware of that focused on the correlations between cardiovascular function
and changes in LMF strength in different frequency ranges and at different fractal levels. Moreover, there
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are only a few publications on changes in the local MF impact on human health [25, 23-29], while many
publications analyse the impact of the disturbances in the Global MF on living organisms.
It is known that not only enhancement but also weakening of the resonant frequencies in the magnetic
eld can adversely affect the body and that the direction of the LMF intensity change has an impact [21].
Clearly, increased LMF activity in low frequency ranges has a positive effect on the course of ischemic
heart disease (IHD) [21, 23-29] but may increase risk of acute arrhythmias [25]. This study has con rmed
that higher LMF intensity in the high frequency ranges is associated with higher number of admissions
due to ACS. Interestingly, scientists have found that more diffuse coronary artery disease might be linked
to higher LMF intensity in high frequency ranges [23]. The same tendencies are also associations
between troponin I and the LMF. This let presume that a higher LMF intensity in high frequency range is
associated with more severe deterioration of patients with IHD health condition [29]. Scientists analysing
LMF, have concluded that LMF in low frequency ranges has positive in uence on patients with IHD
wellbeing [30]. It has recently been found that endothelial function is enhanced by LMF oscillations at
extremely low frequencies (0.01-0.02 Hz) [30]. These Ultra-low frequencies are in the same frequency
range of endothelial vibrations [30]. LMF uctuations that coincide with endothelial vibrations, appears to
activate endothelium, and improve its function [30]. Naturally, when endothelial function is improved,
rheological properties of the blood also improve, inhibiting pathogenetic mechanism of ACS [30].
Moreover, Gmitrov et al. have found that healthy endothelium releases more endogenous nitric oxide
(NO), which is critically important in maintenance of normal BP [19] and endothelial dysfunction is known
as an initiating mechanism of atherosclerosis development [31]. Circulating low density lipoprotein (LDL)
is not able to enter beneath the endothelium since it is healthy. Thus, healthy endothelium prevents
atherosclerotic plaque formation and ICH development [31]. As a good endothelium function is crucial in
atherosclerosis prevention, it is particularly important to elucidate environmental factors that may have a
positive and negative effect on endothelial function. It was hypothesised that industrially generated lowfrequency LMF generators could improve endothelial function and possibly prevent or at least slowed the
progression of atherosclerosis, but the evidence are scarce yet [32].
It is impossible to conclude unambiguously, but it is clear, each person interacts with the environment in
their own manner. So, concluding this report we only can talk about overall tendencies. Different people
entered the study at different stages and times. LMF as well as the overall environment around us is
constantly changing, so even at similar numeric values of LMF osculation amplitudes, human exposure
to it might be drastically different. However, looking at general result trends we may con rm [33, 19, 2329, 34, 35] that stronger LMF in high frequency ranges (32-65 Hz) adversely affects individuals with IHD.
Despite its novelty, this research has some limitations. First, the direction and strength alteration have not
been included into our research. Second, we did not include adequate control group consisted of healthy
people.

Conclusion
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Each living organism is surrounded by a micro and macro environment, which undoubtedly in uence our
health. Individual human interactions with the Environment may result in both improved and deteriorated
health. Changes in the resonant frequencies in the Local Earth’s magnetic eld has huge in uence on
human cardiovascular system metabolism and neural regulation. Increased magnetic eld activity in low
frequency ranges improves heart metabolism and results in better cardiovascular health, while increased
magnetic eld activity in high frequency ranges leads to heart problems especially to occurrence of
ischemic heart disease and arterial hypertension.
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