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Abstract: Background: The geomagnetic environment is very sensitive to changes in “Space weather” (SW) and its 

manifestations on the Earth. The human body is adapted evolutionarily to the slight alterations of the geomagnetic field (GMF). 

Objective: The aim of this work is to test the hypothesis on whether different levels of GMF causing specific stress-reactions in 

humans' autonomic nervous system (ANS) depending on the levels of GMF. Subjects & method: This is a randomized control 

study, in which took part n=62, 18-24 years old healthy male volunteers. We measured their ANS responses via heart rate 

variability (HRV) and stress index (SI) to compare them with the K index of GMF (the magnitude of GMF during geomagnetic 

storms (GMS)). Experiments were performed as in natural as well as in the lab conditions by simulation of different 

geomagnetic activity (GMA) using the pilot device of GMS compensation/simulation. Results: In comparison with quiet 

magnetic days (K=1-3), the initial values of HRV significantly shifted towards intensification of the sympathetic part (SP) of 

the ANS during days of GMSs (K=5-7). Significantly shifts in both parts of ANS (sympathetic/parasympathetic) were 

observed during short-term exposure to simulated GMSs (K=7, the magnetic induction B=200nT) in comparison with 

conditions during compensated GMSs (K=0, B=0-5nT). Conclusion: The results indicate an intensification of the ANS as a 

stress reaction in healthy humans when it is exposed to high levels of GMF in both natural or simulated conditions, however, 

the initial regulation types of the ANS (balanced/parasympathetic) results in different dynamics in its variation as a function of 

the GMF level. 
Keywords: Heart Rate Variability, Autonomic Nervous System, Sensitive Reactions, Geomagnetic Storms,  

Geomagnetic Storms Compensation/Simulation Device 

 

1. Introduction 

Solar-induced disturbances of Earth’s magnetosphere 

results in geomagnetic field (GMF) variations. The 

fundamental difficulty when studying the potential effects of 

GMF on the human body, compared with other anthropogenic 

sources, is that the field strengths involved are very small, the 

GMF varies by a few nT with the frequencies of less than a 

hundred Hertz. However, many authors have noticed 

significant health effects associated with changes in 

solar-induced geomagnetic activity (GMA). A key scientific 

question still remains: how paradoxically small parameters of 

GMF can cause the observed effects and how to detect and 

evaluate the human response to GMA? 

The mechanisms involved in the sensitivity of biological 

objects to GMF are not yet clearly understood. There are 

several assumptions and theories that the GMF effects can 

occur through the magnetoreception mechanisms based on 

magnetic nanoparticles, cryptochromes, long-living radical 
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pairs, liquid water states of yet unknown origin [1, 2], or via the 

modulation of the rate of synthesis of melatonin/serotonin 

which via receptors influences on the circadian activity of the 

metabolism including body temperature, blood pressure, 

heartbeat, peripheral blood flow, respiratory activity, 

sleep-wake cycle, reaction times, hormone levels and etc. [3, 4]. 

According to modern conceptions, based on the quantum 

mechanical resonance theory [5], solar-induced GMF’s 

periodical and non-periodical activities such as geomagnetic 

storms (GMSs) are correspondingly the 

synchronizer/desynchronizer factors of resonance modulation 

for the endogenous biological rhythms of a living organism [6, 

7]. Particularly characteristic spectral frequencies of GMF 

oscillations are often similar/synchronous to the oscillations of 

major physiological processes, which involves “non-linear 

resonant absorption” of ultra-low frequency (ULF) oscillating 

signals in the same frequency range. The human cardiovascular 

system can be affected, due to the increase in field-line 

resonances probably by the overlapping of GMF oscillations 

with the rhythms of the autonomic nervous system (ANS). 

Previous studies demonstrated that some spectral indicators 

of heart rate in healthy subjects coincided with the oscillations 

of GMF in the dominant mode of frequency range 0.5–3.0 

mHz [8] and with the first five modes of natural ULF signal, 

Schumann Resonance signal (0-35 Hz) [9-11]. Therefore, 

during GMSs when the magnitude of GMF sharply increases 

up to 350-1200nT 

(http://www.geomag.bgs.ac.uk/education/earthmag.html#_To

c2075560), GMS as a desynchronizer factor breaks the regular, 

synchronous, circadian rhythm of the vital processes resulting 

in alterations in hormones balance, blood pressure, immune 

system, cardiac and neurological processes [12, 13] and could 

be a serious risk to the magneto sensitive people on the Earth 

and near-Earth [14-16]. Attempts were made to detect and 

evaluate the effects of GMA on the biological subjects, the 

number of studies revealing significant associations between 

GMSs and decreased [12, 17-19] or increased levels of heart 

rate variability (HRV) with different levels of stress-reactions 

[20, 21]. This relates to the idea that different dynamics in 

HRV could be explained to a different ANS response, which 

can be different in a particular individual depending on a 

self-character of ANS regulation type (sympathetic/ 

balanced/parasympathetic). 

HRV is the naturally occurring change in the time intervals 

between adjacent pairs of heartbeats reflecting the functional 

status of interdependent regulatory systems of the human body 

to adapt to the environmental and psychological challenges 

[22], HRV permits one to determine the stress level, which 

precedes the illness [23]. 

The parasympathetic and sympathetic parts (PP and SP) of 

the ANS show different responses to stress. The 

parasympathetic influence prevails at relaxation and the 

sympathetic factor is dominant under stress, so the ratio of the 

spectral power of the appropriate frequency ranges (LH/HF) 

could serve as a quantitative measure of the activity level of 

the two parts of the ANS [24, 25], where an increase in LF/HF 

is assumed to reflect a shift to “sympathetic dominance” and a 

decrease corresponds to “parasympathetic dominance,” 

although there are some opposite assumptions regarding 

LF/HF, some authors have noted, that this ratio does not 

accurately measure the cardiac sympatho-vagal balance [26- 

27]. There are also assumptions that reduced HRV may 

correlate with disease and mortality because it reflects reduced 

regulatory capacity and ability to adaptively respond to 

physiological challenges [28]. 

Building on cited results the objective of our current study 

was to detect and evaluate sensitive reactions in humans as a 

function of GMF perturbations in both: during natural 

conditions and during simulation of different GMA levels in 

the experimental room enabling to measure the effects of the 

direct impact of GMS, while eliminating other low frequency 

environmental magnetic impacts. In both cases, the evaluation 

criteria were being the values of the ANS reactions on the 

different conditions of GMF. 

2. Materials and Experiments 

The study was performed at a middle latitude (41°41′38″ N) 

in Tbilisi, Georgia. The data on GMA was obtained via the 

Internet (201504AK.txt - 201507AK.txt, U.S. Dept. of 

Commerce, NOAA, Space Weather Prediction Center). The 

geomagnetic K-index [29] was used to characterize the 

magnitude of the GMS, where days with K≤2 were ascribed to 

magnetically quiet periods and those with K≥5 as those when 

GMSs occurred. In this study, we used a pilot GMSs 

magneto-active compensation/simulation device designed by 

Invia et al. [30, 31]. For modeling of different GMA, required 

data was provided by the magnetometer (FGM3D/100 with a 

working frequency of 10Hz) that is located in the village of 

Tskhvarichamia, near Tbilisi, where there is a minimum level 

of environmental magnetic interference present. The obtained 

magnetometer recordings were saved in a dataset and 

reprocessed for GMS simulations [32]. 

All stages of experiments as in natural as well as in 

simulated conditions were done in the special created 

experimental room at central scientific research laboratory of 

David Tvildiani Medical University. 

In experiments took part n=62 (from 102 initially), 18-24 

years old, healthy male volunteers (students of DTMU). In 

this paper, the measurements of ANS responses to different 

GMA via comparison of the heart rate variability (HRV) 

indices and stress index (SI) with K-index of GMF are 

presented and discussed. The HRV measurements were done 

according to the appropriate methodical guidelines and 

recommendations [33, 34], using the ArguSys++ Holter 

monitoring system (www.innomed.hu). SI was calculated 

from standard parameters of the rhythmo gram [35] using 

pulse oximeter Contec CMS50E. The research was carried out 

as a single-blinded randomized control study, using block and 

within-subject design. A prerequisite precondition for the test 

volunteers was to avoid any negative influences, resulting 

from emotional and physical excitation, heavy nutrition, 

alcohol, etc., within 3 days before recordings. Measurements 

were done after the breakfast (at least by 1.5-2 hours), with a 
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constant temperature ranging within the interval 20-22˚C in 

the room. A period of 20 minutes for adaptation of volunteers 

to local environmental conditions preceded measurements. 

HRV recordings were done in a supine position with quiet 

breathing. 

2.1. Experiment 1 - Natural Conditions 

Experiments were performed on a control group (Group 1), 

that was divided into two subgroups, regarding their initial 

autonomic regulation types, subgroup 1A included volunteers 

with parasympathetic regulation (PR, heart rate - HR ˂ 80) 

type, subgroup 1B - volunteers with balanced regulation (BR, 

HR > 80) type. HRV values were measured under natural 

conditions, during quiet magnetic and days with GMSs. The 

total experiment time in both cases was 60 minutes. 

The distribution of the number of volunteers in two 

subgroups in the cases of quiet magnetic days (QMD) and 

those with GMSs are shown in Table 1. 

Table 1. Distribution of the volunteers during different outdoor GMA levels. 

K-index Number of volunteers group 1A-PR Number of volunteers 

1-3 26 6 

4-5 5 9 

 

2.2. Experiment 2 – Simulated Conditions 

In this stage, experiments were performed under both 

compensation mode (on the first day of the experiments) and 

GMS simulation mode (on the second day of experiments). 

Experiments involved n=19 volunteers (group 2 – basic 

and were divided into two sub-groups: subgroup 2A (with 

initial PR, HR < 80), subgroup 3B (with initial BR, HR > 80). 

The total experiment time (either for compensation or 

simulation regimes) was 60 minutes with three 20 min. sub 

spans: (i) Detection of initial values of the ANS at rest (the 

magneto compensation and simulation device is turned off), 

Measuring of HRV under GMS compensation or GMS 

simulation modes, (iii) Measuring during the restoration 

(RS) (the magneto compensation and simulation device is 

turned off). 

HRV measurements under the GMS compensation mode 

(K=0) correspond to a magnetic field strength within the 

of (B=0-5 nT) and simulation mode (K=7) to a natural 

magnetic field strength within the range of magnetic 

(B=200nT). In total 116 short-term (1h) recordings were done. 

For statistical analysis of the data obtained the “Primer of 

Biostatistics” software by Stanton A. Glantz (fifth edition) 

was used with corresponded 95% CI. In total measurements 

lasted 4 months. 

3. Results 

3.1. Results of the Experiment 1 

Values of HRV indices in the cases of QMD and those with GMSs are shown in Table 2. 

Table 2. Values of HRV in subgroups during QMD and days with GMSs. 

Sub groups K -index HR (b/m) SDNN (ms) RMSSD (ms) LF/HF (ms2/ms2) SI (con. unit) 

PR 1-3 70.77±6.25 73.9±25.62 49.87±18.23 1.265±0.448 395.1±304.7 

PR 4-5 67.78±11.08 76.33±26.6 45.56±12.93 1.561±0.374 1145±926.5* 

 t 1.041 0.248 0.659 1.798 3.882 

 p 0.305 0.806 0.514 0.080 0.000* 

BR 1-3 84.25±5.75 49.38±10.18 25.5±8 1.529±0.371 594.4±350.2 

BR 4-5 84.65±3.673 48.65±11.83 25.29±8.608 1.893±0.245* 1704±1431* 

 t 0.21 0.15 0.057 2.928 2.14 

 p 0.836 0.882 0.955 0.008* 0.043* 

 

Remarks: 

* indicates statistically significant differences. 

HR - heart rate, heart beats in min.; 

SDNN - Standard deviation of all Normal to Normal RR 

intervals, stands for the total effect of autonomic regulation 

of blood circulation; 

RMSSD - The square root of the arithmetical mean of the 

sum of the squares of differences between adjacent NN 

intervals, stands for the activity of the PP of the ANS; 

LF/HF - Ratio LF [ms2]/HF [ms2], physiological 

interpretation-the ANS sympatho-vagal balance index; 

SI (SI=AMo / ∆X ⋅ Mo; where: Mo is the mode of individual 

R-R intervals, AMo is the percentage of cycles, corresponding 

to Mo, and ∆X is the difference between the shortest and 

longest R-R intervals in seconds) - The Stress Index which 

reflects a degree of the prevalence of central regulatory 

mechanisms activity over that of autonomic and characterizes, 

basically, activity of the SP of ANS. 

Statistically significant differences between SI are 

observed in the two subgroups, LF/HF also shifts in the two 

subgroups, but statistically significant shift is observed in the 

subgroup 1B. These results show that an intensification of the 

SP of the ANS during GMSs occurred in the examined 

Subgroups 1A and 1B compared to the initial values (during 

quiet days) obtained in subgroups. 

In Figures 1, 2, 3 the trends for increase of SI and LF/HF 
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indices are shown in the case of initially PR and BR types on 

the days with GMSs (K≥5) in comparison with the QMD 

(K=1-3) across the study period. 

 

Figure 1. The trend for increase of SI on the days with GMS in the case of initially PR type (March – June 2015). 

 

Figure 2. The trend for increase of SI on the days with GMS in the case of initially BR type (March – June 2015). 

 

Figure 3. The trend for increase of LF/HF index on the days with GMS in the case of initially BR type (March –June 2015). 

3.2. Results of the Experiment 2 
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Values of HRV under both GMS compensation and simulation modes are shown in table 3. 

Table 3. Values of HRV under GMS compensation and simulation modes. 

Subgroups Modes K HR (b/m) SDNN (ms) RMSSD (ms) LF/HF SI (con. unit) 

PR CM 0 68.33±4.96 99.67 57.33±31.3 1.28±0.32 222±74 

12 SM 7 69.75±5.36 96.42 54.0±27.92 1.2±0.27 271±148 

t   0.786 0.419 0.358 1.33 1.16 

p   0.449 0.683 0.727 0.21 0.27 

BR CM 0 76.7±4.03 67±14.48 38.43±11.77 1.1±0.14 277±49 

7 SM 7 87.57±4.99* 54.7±10.1* 19.14±4.88* 1.43±0.34* 414±69* 

t   6.62 2.49 5.538 2.8 5.2 

p   0.000 0.047 0.001 0.033 0.002 

 

Remarks: 

CM - GMS compensation mode; 

SM - GMS simulation mode. 

As presented in Table 3, during the experiments statistically 

significant differences between the HRV indices were 

observed. A comparison of HRV indices between GMS 

compensation and simulation modes clearly reveals the 

presence of magneto sensitive reactions among those 

investigated: 

In the case of initially PR type of volunteers exposure to the 

simulated GMS in the room results in a little shift to the 

prevalence of the PP of ANS, observable in further changes 

from the measured indices: SDNN, LF/HF and RMSSD 

reduced, while HR and SI increased that is interpreted as the 

prevalence of the SP of ANS, however, these changes are not 

statistically significant and therefore could not indicate an 

increased stress level. 

In the case of initially BR - statistically significant 

intensification of the SP, as well as PP of ANS (increased HR, 

LF/HF and SI with reduced SDNN and RMSSD) after the 

exposure to the simulated GMS, has been observed that 

indicates a pronounced stress level. 

In Figure 4 the statistically significant changes of the 

averages of HR (a), SDNN (b), RMSDD (c), LF/HF (d) and SI 

(e) in GMS simulation mode are shown in comparison with 

GMS compensation mode in the case of BR type of ANS in 

volunteers. 

As shown by the results of these experiments on the impact 

of different GMA, more actively reacted volunteers with 

initial BR type compared with PR, that could be explained by 

the high regulatory capacity and ability for adaptation to 

environmental changes [28], in volunteers having BR type 

compared with PR type. 

Based on the analysis of the data received it was determined 

that some indices of HRV are sensitive to specific levels of 

GMA. These indices include as time domain (HR, SDNN, 

RMSSD) as well as frequency domain (LF/HF ratio) 

components of HRV and the Stress Index. 

 

(a) 

 

(b) 

 

(c) 
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(d) 

 

(e) 

Figure 4. Comparison of the averages of HR, SDNN, RMSDD, LF/HF and SI 

in GMS compensation (c) and simulation (s) modes in the case of initially BR 

type of ANS. 

4. Discussion 

Results of the experiments confirm the concept of Baevsky 

et al. [36] concerning the mechanisms of regulation of the 

heart rhythm, namely that PP and SP co-operate in a specific 

way and both branches are affected by some humoral and 

reflex factors and the central nervous system. There is a 

permanent effect of sympathetic and parasympathetic 

influences at all levels of the regulation. The true relations 

between the two parts of the ANS are complex. The optimal 

adaptive reaction would be achieved by the decrease of 

activity in one part of the ANS and increase in another. 

Results of the experiments confirm the hypothesis of 

Berntson et al. [28], that the PP and SP competitively 

regulate HR (accentuated antagonism), where increased 

sympathetic activity is paired with decreased 

parasympathetic activity and that both branches of the ANS 

are simultaneously active. These results confirm those found 

by several authors from section 1 [20], who observed the 

increased HRV related to the different initial states of ANS 

regulation during days with high GMA. Furthermore, the 

obtained results extend some previous studies [17-19], that 

report finding a negative correlation between HRV and the 

level of GMA which supports the idea that the reduction in 

HRV could be related to the response of the ANS to changes 

in GMA (GMF levels), that can be either sympathetic or 

parasympathetic in a particular individual. 

Results are found to partly confirm the results by Billman 

[27], that the LF/HF ratio does not accurately measure the 

cardiac sympathovagal balance; Results of the experiments 

have followed the concepts that the actual heart rhythm 

reflects not only the simple sum of sympathetic and 

parasympathetic activity but also that the current activity is 

the system reaction of a multilevel system of regulation [36] 

and reflect both physiological and psychological functional 

status of internal self-regulatory systems [34]. Results extend 

those found by Chernouss et al. [21], who determined that the 

following three HRV indices are the most sensitive to the 

GMA impact: the LF, HF spectra power, and the SI. 

5. Conclusions 

The performed experimental studies consistently showed 

that GMA events produce significant health effects. 

Measurements carried out under either natural or artificially 

simulated GMS conditions were found to coincide with each 

other. In comparison with quiet magnetic days (K=1-3), the 

initial values of the HRV indices significantly shifted towards 

intensification of the SP of ANS during days of GMSs 

(K=5-7). The ANS balance in healthy subjects was observed 

to shift during direct short-term exposure to simulated GMSs 

with intensities in the range of natural GMSs (K=7, B=200nT) 

in comparison with conditions during compensated GMSs 

(K=0, B=0-5nT). 

Interpretations of the received results are summarized 

here: 

GMSs have an effect on healthy humans at middle 

latitudes. 

High values of GMA have a sensitive effect on humans 

causing specific stress-reactions. 

Changes in GMA are correlated with HRV that is related to 

the ANS response in a particular individual. 

ANS response to the exposure to natural or simulated 

GMSs showed an intensification of both part of the ANS, 

though initial types of ANS regulation resulted in different 

dynamics of alterations during different GMA levels. 

Seems healthy humans with initial BR type of the ANS 

have more regulatory capacity for adaptation to the changes 

on GMA, compared with PR type. 

These conclusions give support for the hypothesis that 

GMF as an unusually weak magnetic field when disturbed 

can have effects on human health. The efficacy of the applied 

abovementioned methodology confirmed by the results from 

these experiments to evaluate humans’ sensitive reactions to 

GMA. Our study has some limitations due to the number of 

subjects in the various groups being small. We propose to 

continue such experimenting, by collecting and analyzing 

more data and using the device for GMS compensation and 

simulation. The advantages of the device are that they enable 

creating the required GMF activity at any time regardless of 

external GMF activity. A further analysis study to search 

systematically for correlations with variations of 

solar-induced GMA and humans' sensitive reactions would 
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provide more deep results that would either support or refute 

the current results. 
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