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Abstract. The aim of the study was to evaluate the interconnections between local Schumann 
resonances of the Earth’s magnetic field and episodes of kidney disease. Materials and Methods: 
Study participants included 716 males and 624 females who had episodes of kidney disease during 
the period of 1 January 2021 to 31 December 2021 and attended the Department of Nephrology 
at the Hospital of Lithuanian University of Health Sciences, Kauno klinikos. Time varying 
magnetic field data was collected at the magnetometer site located in Lithuania. Results and 
Conclusions: The study results support the hypothesis that the Earth’s magnetic field has a 
relationship between the number of nephrology patient hospitalizations per week and the average 
weekly local Schumann resonances strength in different frequency ranges. Working hypotheses 
are proposed for the mechanisms of the influence of the Earth’s electromagnetic field on kidney 
function: а) quantum mechanical features of the atomic composition of renal tissue molecules 
determine a kidney-specific reaction; b) cyclotron resonance mechanism; c) resonant response of 
cells of morphological structures of kidney tissue to external bioactive frequencies in the range of 
6-8 Hz; d) mechanism of indirect influence of blood as a magnetically saturated medium. 
Keywords: nephrology; kidney; chronic kidney disease; local Earth magnetic field; Schumann 
resonances; mechanisms of kidney response to changes in the local geomagnetic field of the Earth. 

1. Introduction 

Chronic kidney disease (CKD) is a major medical and social problem. CKD is wide-spread 
(diagnosed in 10-13 % of the population, affecting up to 800 million people in the general 
population), irreversible, progressive and associated with higher cardiovascular risk [1]-[4]. CKD 
has emerged as one of the most prominent causes of death and suffering in the 21st century. [5] 
Therefore, it is important for modern medicine to continue to further deepen fundamental 
knowledge about the functioning of the kidneys in order to develop new approaches to the 
treatment of kidney diseases and improve existing guidelines. 

Thanks to new scientific discoveries, new directions in nephrology can be formed, for 
example, Quantum Nephrology. This is so because now fundamental science has studied the 
structure of matter at the micro level (nanolevel and deeper) and the prerequisites for changing the 
traditional scientific medical paradigm are being formed. According to modern concepts, all 
matter consists of atoms. Atoms are made up of electrons and pro-tons, which are made up of 
fermions and bosons. Fermions and bosons are electromagnetic field structures [6]-[9]. It turns 
out that all matter has an electromagnetic essence of its structure at the nanolevel and deeper. On 
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the one hand, this changes and expands scientific ideas about the role of electromagnetic fields in 
the functioning of living biological organisms, because they also consist of atoms. On the other 
hand, extrapolation of this biophysical knowledge to ideas about the structure of the human body 
opens up new opportunities for further understanding of the fundamental issues of its functioning 
as a living biological system. Since the human body also consists of atoms, it can be described in 
the form of a model of a conglomerate of electromagnetic fields (biophysical frequency-wave 
model of the structure of the human body) when considering it from the position of the micro-level 
of its structure. The results of scientific research in this new direction of integrating modern 
biophysical views into medicine were conceptualized in the Magneto-electrochemical Theory of 
metabolism [9]-[12]. The role of electromagnetic processes in the functioning of cell membranes 
[9], [13], [14], cellular communication [15] and the role of water [16] was conceptualized. All this 
once again confirms that the human body consists of electromagnetic energy at the microlevel of 
the structure of matter and is alive due to the occurrence of electromagnetic processes in it.  

Therefore, it is quite logical that the external electromagnetic fields of the Earth can 
significantly influence the state of the internal magnetic fields of the human body and the 
functioning of its organs. According to the literature, the influence of the Earth’s external magnetic 
fields on the human nervous and cardiovascular system has been studied most of all. As it turned 
out, the frequency ranges of the Earth’s electromagnetic fields, in particular local Schumann 
resonances, coincide with the frequencies of electrical activity of the brain and can be considered 
as related synchronized processes [17]-[21]. It has been established that high-frequency waves of 
Schumann resonances have a stressful effect on living organisms [22]-[25]. The negative impact 
of the absence of the Earth’s magnetic field on the human body has been proven [26]-[32], etc. 
The cardioprotective effect of stressful conditions by weak magnetic fields in the Schumann 
resonance band [33] and subjective and objective improvement in the condition of patients when 
treating pain and sleep disorders with Schumann resonance frequencies have been established 
[34,35]. Changes in the Earth’s electromagnetic field are important in the pathogenesis of 
cardiovascular diseases and they affect the incidence of cardiovascular diseases [36]-[41], etc. 

Kidneys are vital organs of the human body, which through the neurocardiometabolic axis are 
functionally connected with the nervous and cardiovascular systems [42]-[44]. Therefore, it is 
logical to hypothesize that changes in the Earth’s electromagnetic field should also affect the 
pathogenesis of kidney disease if they affect the functioning of the nervous and cardiovascular 
systems. Studies of the influence of changes in the Earth's electromagnetic field on the function 
of the urinary system have never been carried out in world science before, according to the 
literature data we have studied. Therefore, the aim of the study was to evaluate the 
interconnections between local Schumann resonances of the Earth's magnetic field and episodes 
of kidney disease. 

2. Materials and methods 

Scientific work is carried out in conjunction with the following scientific institutions: 
1) Lithuanian University of Health Sciences (the cooperation coordinator is Head of Nephrology 
Department, prof., DM I. A. Bumblyte and Senior Researcher of the Laboratory of Automation of 
Cardiology Research of the Institute of Cardiology of the Lithuanian University of Health 
Sciences prof., DM A. Vainoras); 2) Poltava State Medical University (the cooperation 
coordinator is Head of Department of Internal Medicine and Emergency Medicine, prof., DM M. 
Potyazhenko); 3) HeartMath Institute, USA (the cooperation coordinator is director of research at 
HeartMath Institute and project coordinator of GCI’s Global Coherence Monitoring System, Ph.D. 
R. McCarty; 4) Kaunas university of technology, Lithuania, the coordinator of the mathematical 
part is M. Landaukas, assoc. prof. of the Department of mathematical modelling. 

The analysis of the presented data is a subset of research work of the Department of Internal 
Medicine and Emergency Medicine of Poltava State Medical University (23, Shevchenko St., 
36011, Poltava, Ukraine) on “Development of algorithms and technologies for implementing a 
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Healthy Lifestyle in patients with Noncommunicable Diseases based on the study of functional 
status” (state registration number 0121U108237: UDC 613 616-056-06: 616.1/9-03) and it is a 
fragment of a research project of the Lithuanian University of Health Sciences on the topic 
“Investigation of interactions between the Earth’s magnetic field variations and Human and 
animal health and behavior”). 

Hospitalization data at the Nephrology Department of University Hospital at Lithuanian 
University of Health Sciences and dynamics of local Earth magnetic field Schumann resonances 
were analyzed in a retrospective exploratory study. The study period was from January 1, 
2021 – through December 31, 2021. Admission data for 1340 patients with kidney disease over 
the period were included in the study. Cases of non-core hospitalizations without kidney pathology 
were excluded from the analysis. The proportion of emergency hospitalization was 52 % 699/1340 
of patients. 53 % 716/1340 of patients were men (mean age is 59.1±17.23 years, Me = 60.80 
(18.76; 95.99) years). 47 % 624/1340 of patients were women (mean age is 62.96±17.55 years, 
Me = 65.2 (18.41; 74.8) years). 

The local time varying magnetic field intensity was measured using a local magnetometer 
situated in Lithuania, which is part of the Global Coherence Monitoring Network. Two magnetic 
field detectors (Zonge Engineering Inc.) ANT4 are positioned in north/south and east/west 
orientation. Data used in the analysis is from the East – West direction. Signals from the 
magnetometers were digitized with a 24-bit data acquisition system (Symmetric Research, Las 
Vegas NV) at a rate of 130 Hz and uploaded hourly to a cloud data storage site for offline 
processing. The overview of the magnetometer’s data is available on web page 
(https://www.heartmath.org/research/global-coherence/gcms-live-data/). Hourly data files were 
downloaded to a PC workstation for post processing where each hourly data file was transformed 
into consecutive 30-second-long segments. The power spectral density (PSD) was calculated for 
each segment. All PSD segments for each hour were then averaged together. The sum of the PSD 
in the frequency range from 0-65 Hz was calculated for each hour in the study period. In the 
estimated power curve on the frequency range, from 0 to 65 Hz there is a series of dominant 
Schumann resonance frequencies, which are divided into ranges that overlap with the EEG wave 
classification (as related processes): 0 to 3.5 Hz – Delta waves (P1), 3.5 to 7 Hz – Theta waves 
(P2), 7 to 15 Hz – Alpha waves (P3), 15 to 32 Hz – Beta waves (P4), 32 to 100 Hz – Gamma 
waves (P5) [46, 47]. Mean power of local magnetic field fluctuations in Lithuania, measured in 
pT2 s2 in five different frequency ranges which overlaps the Schumann resonance and EEG 
frequency ranges (we named them as SDelta (0-3,5 Hz), STheta (3,5-7 Hz), SAlpha (7-15 Hz), 
SBeta (15-32 Hz) and SGamma (32-66 Hz) to distinguish them from the EEG bands). Average 
readings of Schumann’s local Earth magnetic field dynamics with hospitalization data were 
compared by calendar weeks of the year. 

A spectral analysis of the magnetometer data was made and is summarized below. 
Consider magnetic field intensity 𝐼 , where 𝑡 is discrete time variable: 

𝑓 𝜔 = 𝐼 ⋅ 𝑒 ,    𝑡 ∈ ℤ. (1)

In order to transform 𝐼  to the frequency domain the discrete Fourier transform (DFT) 
(Eq. (1)) was used. The drawback of DFT is that one cannot observe the change in spectral density 
over time unless sequentially computing DFT. To achieve this the discrete time short time Fourier 
transform (STFT) was employed: 𝐹 𝜏,𝜔 = 𝐼 ⋅ 𝜉 𝑡 − 𝜏 𝑒 ,   𝑡 ∈ ℤ. (2)

STFT for 𝐼  is represented by Eq. (2). In fact this is essentially the analogue for Eq. (1) 
but applied to the function 𝐼 ⋅ 𝜉(𝑡 − 𝜏). 𝜉(𝑡) is a so called windowing function which has a value 
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close to 1 in a subdomain of 𝑡 centered on 0 and a value close to 0 elsewhere. The units of 𝑓(𝜔) 
and 𝐹(𝜏,𝜔) are pT⋅s due to the fact that the intensity of the magnetic field is measured in pT: 𝑆(𝜏,𝜔) = |𝐹(𝜏,𝜔)| . (3)

Spectrograms investigated in this work is the squared modulus of STFT (Eq. (3)). Originally 
units of a spectrogram would be pT2⋅s2. 𝑆(𝜏,𝜔) is often referenced as power spectral density. 
Thus, the value of 𝑆(𝜏,𝜔) is interpreted as signal power at the time interval Δ𝜏 starting at the time 
moment 𝑡 and at the frequency range Δ𝜔 correspondingly starting at the frequency 𝜔. 

More detailed algebraic and spectral analysis of local magnetic field intensity is presented in 
[45]. 

The year was conditionally divided into two semesters in the analysis: from weeks 1 to 25 and 
from weeks 26 to 52. Fig. 1 shows the number of male and women patients admitted with kidney 
disease during each week in 2021. 

The local Schumann resonances power spectral density over weeks’ period are shown in Fig. 2. 

 
Fig. 1. Number of men and women admitted with kidney disease during each week in 2021 

 
Fig. 2. Number of men and women admitted with kidney disease during each week in 2021 

The response of the human body to the Earth’s electromagnetic field may depend on age, so 
we evaluated the correlation between the age of those hospitalized with episodes of kidney disease 
and the levels of activity of the local Schumann resonances. 

The study was carried out in compliance with all applicable ethical rules. 
General scientific methods (dismemberment and integration of elements of the studied system, 

logical, analysis, induction, deduction and synthesis of knowledge) and theoretical methods 
(method of constructing theory, logical methods and rules of normative nature) were used in this 
study. Statistical analysis was performed using the Prism 5.0 software package. The data obtained 
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are presented as mean values with their STDEV (standard deviation of the mean) error 
(M±STDEV). The differences were considered significant at 𝑝  0.05. Pearson correlation 
coefficient (rp) and the nonparametric correlation coefficient of Spearman’s ranks (rs). The level 
of 𝑝  0.05 was considered statistically significant. 

3. Results 

An analysis of the correlations between the number of hospitalized patients with episodes of 
kidney disease in 2021 and the levels of activity of the local Schumann resonances has established 
the existence of a relationship between the local Schumann resonances and the manifestation of 
nephrological pathology. The fact was established that the annual correlation graphs for men and 
women had a graphical similarity between the number of kidney disease cases per week and the 
average weekly local Schumann resonances strength in different frequency ranges (Fig. 3). 

 
Fig. 3. Correlation coefficients between number of men and women weekly cases of kidney disease  

and mean magnetic power in different frequencies for all year 2021 

This confirms the presence of a general tendency in nephrological patients of both sexes to 
respond to changes in the local electromagnetic field of the Earth. 

In the female group (𝑁 = 624) we found single negative correlation coefficient P5 (SGamma) 
[32;65] Hz (𝑟 = –0.069, 𝑝 = 0.313) (Fig. 3). In other low frequency ranges, we observed positive 
correlation coefficients: P1 (SDelta) [0;3.5] Hz 𝑟 = 0.117 (𝑝 = 0.204), P2 (STheta) [3.5; 7] Hz 𝑟 = –0.055 (𝑝 = 0.349), P3 (SAlpha) [7;15] Hz 𝑟 = 0.056 (𝑝 = 0.346), P4 (SBeta) [15; 32] Hz 𝑟 = 0.035 (𝑝 = 0.402), P6 [0; 65] Hz 𝑟 = 0.014 (𝑝 = 0.461). All correlations, including all 
intervals, did not demonstrate significance.  

In the male group (𝑁 = 716), the weekly correlation coefficients (Fig. 3) are similar to the 
female group, however, all coefficients are positive: P1 (SDelta) [0; 3.5] Hz, 𝑟 = 0.263  
(𝑝 = 0.029), P2 (STheta) [3.5; 7] Hz, 𝑟 = 0.211 (𝑝 = 0.066), P3 (SAlpha) [7; 15] Hz, 𝑟 = 0.210 
(𝑝 = 0.067), P4 (SBeta) [15; 32] Hz, 𝑟 = 0.173 (𝑝 = 0.11), P5 (SGamma) [32; 65] Hz, 𝑟 = 0.009 
(𝑝 = 0.475), P6 [0; 65] Hz, 𝑟 = 0.145 (𝑝 = 0.152).  

A higher level of correlation coefficients in men in all ranges may indicate a greater sensitivity 
of men to the influence of the Earth’s electromagnetic field than women. The low level of 
correlation coefficients and the lack of significance in a number of indicators can be explained by 
a limitation of this study: the lack of samples for specific nephrological nosologies. It is logical to 
assume that for different nosological diagnoses and stages of chronic kidney diseases, different 
relationships with the influence of the Earth’s electromagnetic field can be established in the 
future. 

Unlike females, we observe non-significant changes in SGamma range, which may indicate 
slightly different sensitivity of different sexes to the changes of Earth‘s magnetic field. It should 
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be considered that all these frequencies are present at the same time, therefore, the negative 
SGamma frequency range effect may not outweigh the positive effects of other frequency ranges 
(SDelta, STheta, SAlpha, SBeta). 

After dividing our study period into two halves (weeks 1-26 and weeks 27-52), we found that 
in the female and male groups, the relationship between the number of kidney disease cases and 
geomagnetic field strength was different between the two time periods. The indicators in both 
groups had a general trend and a positive correlation, as shown in Figs. 4 and 5. 

 
Fig. 4. Correlation coefficients between number of men and women weekly cases of kidney disease  

and mean magnetic power in different frequencies for first half of year 2021 

 
Fig. 5. Correlation coefficients between number of men and women weekly cases of kidney disease  

and mean magnetic power in different frequencies for second half of year 2021 

The results of the analysis of correlations by half-year testified in favor of the veracity of the 
hypothesis of the influence of changes in the local Schumann resonance power of on cases of 
hospitalization of kidney patients, since the graphical profile of dependencies in women and men 
was similar in each half-year. According to each half-year, men had higher correlation 
coefficients. This may indicate their greater sensitivity to changes in the local Schumann 
resonance, as noted earlier. 

In the first half of the year significant positive correlations were observed. There are P1 
(SDelta) [0; 3.5] Hz, 𝑟 = 0.201 (𝑝 = 0.16), P2 (STheta) [3.5; 7] Hz, 𝑟 = 0.140 (𝑝 = 0.247), P3 
(SAlpha) [7; 15] Hz, 𝑟 = 0.165 (𝑝 = 0.21), P4 (SBeta) [15; 32] Hz, 𝑟 = 0.126 (𝑝 = 0.269), P5 
[32; 65] Hz, 𝑟 = 0.077 (𝑝 = 0.35), P6 [0; 65] Hz, 𝑟 = 0.127 (𝑝 = 0.268) in the female group. 
There are P1 (SDelta) [0; 3.5] Hz, 𝑟 = 0.323 (𝑝 = 0.05), P2 (STheta) [3.5; 7] Hz, 𝑟 = 0.245 
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(𝑝 = 0.114), P3 (SAlpha) [7; 15] Hz, 𝑟 = 0.262 (𝑝 = 0.098), P4 (SBeta) [15; 32] Hz, 𝑟 = 0.214 
(𝑝 = 0.146), P5 [32; 65] Hz, 𝑟 = 0.146 (𝑝 = 0.238), P6 [0; 65] Hz, 𝑟 = 0.216 (𝑝 = 0.145) in the 
male group (Fig. 4). 

In the second half of the year, only the P5 [32; 65] Hz range was negative correlated in all 
groups: in the female group correlation coefficients is 𝑟 = –0.1 (𝑝 = 0.686) and in the male group 
correlation coefficients is 𝑟 = –0.056 (𝑝 = 0.601). In other frequency ranges stronger and 
significant positive correlations were observed. There are P1 (SDelta) [0; 3.5] Hz, 𝑟 = 0.214 
(𝑝 = 0.146), P2 (STheta) [3.5; 7] Hz, 𝑟 = 0.103 (𝑝 = 0.308), P3 (SAlpha) [7; 15] Hz, 𝑟 = 0.58 
(𝑝 = 0.009), P4 (SBeta) [15; 32] Hz, 𝑟 = 0.55 (𝑝 = 0.005), P6 [0; 65] Hz, 𝑟 = 0.33 (𝑝 = 0.049) 
in the female group. There are P1 (SDelta) [0; 3.5] Hz, 𝑟 = 0.363 (𝑝 = 0.034), P2 (STheta) 
[3.5; 7] Hz, 𝑟 = 0.291 (𝑝 = 0.074), P3 (SAlpha) [7; 15] Hz, 𝑟 = 0.257 (𝑝 = 0.102), P4 (SBeta) 
[15; 32] Hz, 𝑟 = 0.233 (𝑝 = 0.126), P6 [0; 65] Hz, 𝑟 = 0.193 (𝑝 = 0.117) in the male group 
(Fig. 5). 

Correlations between the age of those hospitalized with episodes of kidney disease and the 
levels of activity of the Earth's electromagnetic field were established in the study (Fig. 6). 

 
Fig. 6. Correlation coefficients between age of men and women weekly cases of kidney disease  

and mean magnetic power in different frequencies for all year 2021 

A significant negative correlation was established in the female group and in the male group, 
but in the male group it was strong. There are P1 (SDelta) [0; 3.5] Hz, 𝑟 = –0.160 (𝑝 = 0.128), 
P2 (STheta) [3.5; 7] Hz, 𝑟 = –0.140 (𝑝 = 0.161), P3 (SAlpha) [7; 15] Hz, 𝑟 = –0.115  
(𝑝 = 0.208), P4 (SBeta) [15; 32] Hz, 𝑟 = –0.138 (𝑝 = 0.164), P5 [32; 65 Hz], 𝑟 = –0.231  
(𝑝 = 0.049), P6 [0; 65] Hz, 𝑟 = –0.178 (𝑝 = 0.103) in the female group. There are P1 (SDelta) 
[0; 3.5] Hz, 𝑟 = –0.476 (𝑝 = 0.0001), P2 (STheta) [3.5; 7] Hz, 𝑟 = –0.442 (𝑝 = 0.0005), P3 
(SAlpha) [7; 15] Hz, 𝑟 = –0.436 (𝑝 = 0.0006), P4 (SBeta) [15; 32] Hz, 𝑟 = –0.400 (𝑝 = 0.001), 
P5 [32; 65] Hz, 𝑟 = –0.287 (𝑝 = 0.019), P6 [0; 65] Hz, 𝑟 = –0.403 (𝑝 = 0.001) in the male group 
(Fig. 6). 

After dividing our study period into two halves (weeks 1-26 and weeks 27-52), we found that 
in the female and male groups, the relationship between the age of the patients with kidney disease 
cases and geomagnetic field strength was different between the two time periods. Differences in 
the correlation indicators of age and mean magnetic power in different frequencies in the groups 
had a general trend of difference between men and women (𝑝  0.05), as shown in Figs. 7 and 8. 

In the first half and in the second half of the year, weak negative relationships were established 
in the female group, which had a general trend of similarity between themselves in half-years in 
terms of the strength of the correlation (Figs. 7 and 8). In the first half of the year, the only positive 
correlation coefficient P1 (SDelta) [0; 3.5] Hz, 𝑟 = 0.0154 (𝑝 = 0,47) was found, which had a 
very weak correlation strength. There are, P2 (STheta) [3.5; 7] Hz, 𝑟 = –0.002 (𝑝 = 0.496), P3 
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(SAlpha) [7; 15] Hz, 𝑟 = –0.016 (𝑝 = 0.469), P4 (SBeta) [15; 32] Hz, 𝑟 = –0.015 (𝑝 = 0.471), 
P5 [32;65] Hz, 𝑟 = –0.047 (𝑝 = 0.409), P6 [0; 65] Hz, 𝑟 = –0.023 (𝑝 = 0.455) in the female 
group in the first half of the year (Fig. 7). There are P1 (SDelta) [0; 3.5] Hz, 𝑟 = –0.094  
(𝑝 = 0.324), P2 (STheta) [3.5; 7] Hz, 𝑟 = –0.073 (𝑝 = 0.362), P3 (SAlpha) [7; 15] Hz,  𝑟 = –0.012 (𝑝 = 0.477), P4 (SBeta) [15; 32] Hz, 𝑟 = –0.075 (𝑝 = 0.358), P5 [32; 65 Hz],  𝑟 = –0.209 (𝑝 = 0.153), P6 [0; 65] Hz, 𝑟 = –0.122 (𝑝 = 0.276) in the female group in the second 
half of the year (Fig. 8). All correlations, including all intervals, did not demonstrate significance. 

 
Fig. 7. Correlation coefficients between age of men and women weekly cases of kidney disease  

and mean magnetic power in different frequencies for first half of year 2021 

 
Fig. 8. Correlation coefficients between age of men and women weekly cases of kidney disease  

and mean magnetic power in different frequencies for second half of year 2021 

In the first half and in the second half of the year significant negative correlations were 
observed in the male group, which differed from each other in half-years in terms of the strength 
of the correlation (Figs. 7 and 8). There are P1 (SDelta) [0; 3.5] Hz, 𝑟 = –0.251 (𝑝 = 0.108), P2 
(STheta) [3.5; 7] Hz, 𝑟 = –0.231 (𝑝 = 0.128), P3 (SAlpha) [7; 15] Hz, 𝑟 = –0.275 (𝑝 = 0.086), 
P4 (SBeta) [15; 32] Hz, 𝑟 = –0.258 (𝑝 = 0.101), P5 [32; 65] Hz, 𝑟 = –0.267 (𝑝 = 0.093), P6 
[0; 65] Hz, 𝑟 = –0.268 (𝑝 = 0.092) in the male group in the first half of the year (Fig. 7). There 
are P1 (SDelta) [0; 3.5] Hz, 𝑟 = –0.507 (𝑝 = 0.004), P2 (STheta) [3.5; 7] Hz, 𝑟 = –0.487 
(𝑝 = 0.005), P3 (SAlpha) [7; 15] Hz, 𝑟 = –0.446 (𝑝 = 0.011), P4 (SBeta) [15; 32] Hz, 𝑟 = –0.369 
(𝑝 = 0.031), P6 [0; 65] Hz, 𝑟 = –0.295 (𝑝 = 0.071) in the male group in the second half of the 
year (Fig. 8). Not significant positive correlation coefficient P5 (SGamma) [32; 65] Hz 𝑟 = 0.131 
(𝑝 = 0.261) found in the male group in the second half of the year. 
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4. Discussion 

What are the mechanisms of influence of external electromagnetic fields on kidney function? 
This issue has not been studied in detail in the medical science available to us. Therefore, we 
propose to discuss possible mechanisms of influence on the basis of known fundamental 
knowledge, guided by the methodology of theoretical research. 

The impact exerted by the Earth's external electromagnetic fields can manifest itself at all 
hierarchical levels of the structural organization of the urinary system of the human body: it can 
be at the organismal level, at the organ level, at the levels of tissues and molecules, at the atomic 
level and at the subatomic level (nanolevel and deeper). The most interesting aspects are the micro-
level effects of electromagnetic fields, since they are basic for understanding the essence of 
metabolic processes and are not sufficiently integrated into medicine. 

At the micro level of structural organization, kidneys are made up of molecules, which are 
made up of atoms. The electrons and nuclei of the atoms of the kidney tissue molecules are under 
the constant influence of the internal electromagnetic fields of the body (for example, the 
electromagnetic fields of cell membranes, etc.) and under the influence of external 
electromagnetic fields (for example, the local electromagnetic field of the Earth, etc.). In this case, 
changes in electromagnetic fields affect the energy parameters of electrons and the movement of 
electrons, changing the angular velocity of its rotation in orbit. An atom of each substance has 
individual quantum mechanical characteristics and therefore each atom is characterized by its own 
physical feature of changing the magnetic moments of electrons and atomic nuclei when 
interacting with an external magnetic field. Atoms of different chemical elements react differently 
to changes in the electromagnetic field, depending on which class of magnets they belong to. There 
are three classes of atoms of chemical elements or substances consisting of them: they are 
diamagnetic, paramagnetic and ferromagnetic [46-49]. It is well known that 99 % of the molecules 
of the human body consist of a combination of chemical elements such as carbon (C), hydrogen 
(H), oxygen (O), nitrogen (N). Of these, 60 % is hydrogen (H), which probably plays an important 
role in the response to changes in external electromagnetic fields. Hydrogen (H) and carbon (C) 
are diamagnetic and are magnetized against an external magnetic field. Diamagnets include silicon 
(Si), phosphorus (P), sulfur (S), chlorine (Cl), copper (Cu), iodine (J), bromine (Br). Oxygen (O), 
sodium (Na), magnesium (Mg), potassium (K), calcium (Ca) are paramagnetic and are magnetized 
in an external magnetic field in the direction of the field [50]-[53]. The unique atomic composition 
of the molecules of human kidney tissue determines the formation of a specific 
quantum-mechanical energy state of kidney cells at the micro level, since with an increase in the 
strength of the external magnetic field, the oppositely directed magnetic moments of elements 
related to diamagnetic and paramagnetic materials will increase. This will lead to an increase in 
the precessional effect of vibrations of the electron orbits of individual atoms. It is important to 
note that the morphological structure of kidney tissue changes with a person’s age [54], [55] and 
with the progression of pathology [56], [57]. Therefore, it is quite logical that during the aging 
process and with the progression of chronic kidney diseases, the content of various molecules in 
the composition of kidney tissue cells and the content of various elements in these molecules 
change. Differences in the qualitative and quantitative composition of atoms of chemical elements 
in the kidney tissues of young healthy people and patients with chronic kidney diseases may cause 
their different reactions to changes in local electromagnetic fields. This is one of the new 
hypotheses, which is promising for further research in the new emerging medical field 
“magnetonephrology”. 

Many biochemical ion exchange reactions occur in the kidneys. For example, exchange 
processes of hydrogen ions (H+), potassium (K+), sodium (Na+), calcium (Ca2+), magnesium 
(Mg2+), chlorine (Cl-), sulfates, etc. occur [58], [59]. When considered from the standpoint of 
quantum physics, all ions are electromagnetic field structures at the microlevel of their structure. 
At the same time, they are more reactive than atoms, since some of their electrons are taken away. 
Therefore, ions are more sensitive to the effects of changes in electromagnetic fields and respond 
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to related frequencies from the environment. Under the influence of changes in electromagnetic 
fields, the quantum mechanical characteristics of ions change and the oscillatory processes in them 
intensify - they behave like isotropic oscillators carrying a charge.  

This mechanism of ion response to changes in the electromagnetic field is described in the 
scientific literature as cyclotron resonance. It is believed that cyclotron resonance is one of the 
electromagnetic mechanisms for regulating the rate of biochemical reactions in the cells of 
biological systems [60]-[67]. Therefore, it is quite logical that a change in the local 
electromagnetic field of the Earth through the mechanism of cyclotron resonance of ions can affect 
the functional state of nephrons and the functioning of the kidneys. This is the second working 
hypothesis. It is necessary to initiate further research to clearly understand the influence of the 
Earth's electromagnetic field on water-electrolyte metabolism. 

As has been repeatedly noted, the bodies of all living organisms and humans are formed from 
atoms. The nucleus of every atom has a charge and is constantly rotating. Each type of atom of a 
substance is characterized by its own specific constant frequency of rotation of the nucleus - 
precession of the nucleus. It is thanks to the knowledge of the precession frequencies of nuclei 
that science has been able to establish the elementary composition of the human body. Knowing 
the frequency of precession of atomic nuclei, one can reliably establish the presence of certain 
substances, types of cells and tissues, processes in the human body. Nuclear precession is an 
objective constant physical parameter for the atoms of each substance, which can be established 
as follows: it is necessary to irradiate the nuclei of atoms with radio waves, constantly changing 
the frequency until it coincides with the precession frequency of the nuclei - a resonance will arise, 
which will be recorded by a measuring device [68]-[71]. This principle has made it possible to 
scientifically establish the frequency properties of most recognizable microbes, chemicals, tissues, 
and the functioning of the organs of the human body. It is also widely used to study the structural 
organization of the human body in the well-known technique of Nuclear Magnetic Resonance 
[70], [71]. In 1952, Felix Bloch and Edward Mills Purcell (USA) received the Nobel Prize in 
Physics for the discovery of the phenomenon of nuclear magnetic resonance. [72]. In 2003, Paul 
C. Lauterbur (USA) and Sir Peter Mansfield (UK) received the Nobel Prize in Physiology or 
Medicine for the development of the diagnostic method of magnetic resonance imaging [73]. 
Thus, according to modern scientific views, substances (microelements, vitamins, hormones, etc.), 
types of cells and tissues (microorganisms, cancer cells, etc.), metabolic processes in the human 
body can be verified by the total frequency component own metabolic processes in them using 
special diagnostic equipment that makes it possible to record the phenomenon of resonance [71], 
[74]. When studying resonant infrasonic waves of the human body, it was found that the operating 
frequency range for the kidneys is 6-8 Hz [75], [76]. Such frequencies exist in local Schumann 
resonances. They can also have a resonant effect on kidney function, since when the frequencies 
of kidney functioning and local Schumann resonances coincide, the vibration of the corresponding 
molecular-cellular structures of kidney tissue increases, which can have a clinical effect. But this 
requires further research in the field of magnetic physiology of the kidneys. 

Blood is a magnetically saturated medium capable of exhibiting properties inherent in 
magnets. The kidneys are an organ that is actively supplied with blood. It is well known that in an 
adult healthy person, about 25 % of the cardiac blood output per minute passes through the kidneys 
- 1000-1400 ml/min. The kidneys have a relatively small mass of about 150-200 g and 
mathematical calculations show that the circulatory load on them is approximately 4-5 times 
greater than on the heart and brain [59]. Therefore, we must take into account the magnetic 
properties of blood when we consider possible mechanisms of the kidneys' response to changes in 
the local electromagnetic fields of the Earth. Science has established that an external magnetic 
field can have the greatest influence on the state of the human body through the ferromagnet iron. 
Iron atoms have a non-zero magnetic moment. In the body, iron is concentrated in the blood. Up 
to 60 % of blood iron is found in the iron-containing blood protein - hemoglobin. Therefore, the 
local electromagnetic field of the Earth can have an effect on the blood by changing the 
distribution of ions and their transport through the human erythrocyte membrane. This leads to a 
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change in the electrical potential of erythrocytes and changes the processes of depolarization of 
membranes and in their structures. In erythrocytes whose membranes were exposed to an 
electromagnetic field, changes in the transfer of electrogenic sodium and potassium ions, a 
decrease in electrical mobility, an increase in membrane permeability and activation of their 
aggregation properties were observed. Spontaneous magnetization of an array of particles can lead 
to the appearance of groups with an ordered packing of particles due to the parallel orientation of 
their magnetic moments. Moving in the vascular bed, such a group represents a soliton-like object 
[77]-[79]. Since as an object moves due to a change, for example, in the lumen of the vascular 
bed, its magnetic flux inevitably changes, then, in accordance with the law of electromagnetic 
induction, electric currents will arise, seeking to compensate for changes in the magnetic flux. 
Because blood plasma contains a large number of ions, it is electrically conductive. Electric 
currents induced by moving objects can cause increased plasma circulation around them, and, 
consequently, around each red blood cell. Since the kidneys are an organ whose functions are 
closely related to the blood flow, this mechanism can also influence their general electromagnetic 
state and response to influence. 

Ferromagnetism is another additional biophysical mechanism for sensory transduction of 
human magnetoreception. The literature describes the mechanism of direct interaction of external 
electromagnetic fields with nanocrystals of ferrimagnetic minerals of human cells, for example, 
with magnetite (Fe3O4). In the human body, biogenic magnetite is found in the tissues of the brain, 
heart, liver, spleen, adrenal glands, ethmoid bone, as well as in pathologically altered tissues due 
to cancer and atherosclerosis [80]-[84]. Biogenic magnetite is of biogenic origin and is gradually 
formed as a result of crystallization directly in the cells of the body. The presence of magnetite in 
living cells of the body is considered one of the possible reasons for their sensitivity to the local 
electromagnetic field of the Earth [85]-[88]. However, data on the presence of magnetite in kidney 
tissues were not found in the scientific literature. This casts doubt on the implementation of this 
mechanism in the response of the kidneys to changes in the local electromagnetic field of the 
Earth. 

Thus, Fig. 9 presents working hypotheses explaining the possible mechanisms of the kidneys’ 
response to changes in the local geomagnetic field of the Earth. 

 
Fig. 9. Working hypotheses explaining possible mechanisms of kidney response  

to changes in the local geomagnetic field of the Earth 

5. Limitations of the study 

This study has several limitations. The study did not evaluate the effect on specific nosological 
forms of kidney disease, since the study was performed as an exploratory study. The study did not 
evaluate solar activity or other weather conditions that could have an additional effect beyond 
changes in the local geomagnetic field. 
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6. Conclusions 

1) It has been established that there is a connection between changes in the local 
electromagnetic field of the Earth and the manifestation of nephrological pathology in 
nephrological patients of both sexes. 

2) It can be assumed that the Earth's electromagnetic field in the high-frequency range of the 
local geomagnetic field has a positive effect on the pathogenetic mechanisms of kidney pathology: 
SGamma [32; 65] Hz is 𝑟 = 0.009 in the male group and it’s 𝑟 = –0.069 in the female group). 

3) Reliable gender differences in correlations between the influence of changes in the Earth's 
electromagnetic field on the functional state of the kidneys were not established when analyzing 
studies. 

4) More powerful Electromagnetic power of Schuman resonances are negatively correlated 
with patients mean age in men – higher field power, more young person’s became ill with kidney 
diseases. This support that EMF in Schuman resonances provoke kidney diseases in men. 

5) The following are presented as working hypotheses explaining the possible mechanisms of 
the kidneys’ response to changes in the local geomagnetic field of the Earth: а) quantum 
mechanical features of the atomic composition of renal tissue molecules determine a 
kidney-specific reaction; b) cyclotron resonance mechanism; c) resonant response of cells of 
morphological structures of kidney tissue to external bioactive frequencies in the range of 6-8 Hz; 
d) mechanism of indirect influence of blood as a magnetically saturated medium. 
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