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ABBREVIATIONS

ANS — autonomic nervous system
GMA — geomagnetic activity
GMF — geomagneticfield

HRV - heart rate variability

SR —  Schumann resonances

WHO - World Heath Organization



DEFINITIONSOF MAIN TERMS

Biopsychosocial wellbeing —a systematic approach to health, perceiving
it as being influenced by biological, psychological, and social factors and
their complex interactions. While traditional biomedical fields in medicine
focus on pathophysiology and other biological aspects of disease, the biopsy-
chosocia approach emphasizes the importance of understanding human
health and illness at a broader level, covering full context of everyday pheno-
menathat an individual faces.

Geomagnetic activity — phenomenon comprising several geophysical
processes. Solar wind isastream of energetically charged particles emanating
from the Sun, and the geomagnetic field protects the Earth by deflecting most
of the charged particles. Geomagnetic field changes over time and extends
from the Earth’ s inner core to where it meets the solar wind. The solar wind
Is responsible for the Earth’s overall magnetosphere (the sphere protecting
the Earth). Fluctuations in its speed, density, direction, and other features
strongly affect the Earth’s local space environment and technological,
biological and ecologica systems on the Earth [123, 133, 184]. In thiswork,
the term geomagnetic activity will be used to address fluctuations in the
geomagnetic field.

Health — Health is a state of complete physical, mental and socia well-
being and not merely the absence of disease or disability [72].

Mental health — a state of wellbeing in which an individual realizes his
or her own abilities, can cope with casual stresses of life, can work producti-
vely and is able to contribute to his or her community [83, 121]. The concept
also covers a condition that promotes optimum physical, intellectual, emotio-
nal development of an individual, emotional and spiritual resilience, in which
an individual can experience joy and tolerate pain, disappointment and
sadness. Overdl, it is a positive feeling of kindness, which acts as a ground
for believing in your own and others’ dignity and value.

Schumann resonances— low frequency electromagnetic fluctuations,
which are closely related to human physiologic processes [28, 147].



Social wellbeing — a state that consists of the following five dimensions:

e Socia acceptance (ability to accept others as they are);

e Social actualization (positive comfort level with society);

e Social contribution (afeeling that one has a contribution to make to
the society he/she belongs to);

e Socia coherence (understanding the social world as predictable and
comprehensible);

e Social integration (feeling as a part of the community) [84].

Wellbeing — a multidimensional concept, comprising an individua’s
personal view and experience in such life areas as overal life satisfaction,
work, health and other fields. It combines various different emotions —
positive and negative — converting them into a general subjective feeling.



INTRODUCTION

Actuality of the research

Back in 60s, German physicist Winfried O. Schumann identified and
started investigating the features of geomagnetic field (GMF) fluctuations
that occur in the cavity between the surface of the Earth and the ionosphere.
The resonances that have been identified are low frequency electromagnetic
fluctuations which are closely related to human physiologic processes [28,
147]. Investigations of interactions between human and geophysical environ-
ment were started. Numerous studies have investigated the correlations
between incidents of myocardial infarctions, high blood pressure, newborns
gender, monthly deaths, etc. and disturbancesin GMF [107, 108, 165, 166].

It has become clear that interactions between geomagnetic activity
(GMA) and our physiology are especially strong and that GMA can modul ate
electroencephalogram activity. This means that GMA can have a direct
influence on our sympathetic and parasympathetic activity in our body.
However, the lack of more specific and longitudinal studies makesit difficult
to set a clearer understanding of geophysical environment impact on human
health and, what is especially important, to propose possible methods of how
geophysical parameters could beimplemented in human health improvement.

Another important aspect in this field is to understand the differences
between global and local GMF. There are quite a number of research studies
about global GMA, but our local GMA in Lithuania was not possible to be
measured due to lack of necessary devices. Because a GMA detecting device
was installed in Lithuania in 2014, there are possibilities to obtain more
accurate data and conduct studies linking GMA and live organisms’ healthin
Lithuania. Lithuanian researchers have had this possibility since 2014, when
HeartMath Ingtitute (California, USA) financed and installed a sensitive
magnetometer, detecting local GMA fluctuations. Due to this magnetometer,
there is a possibility to perform various studies researching links between
GMA and different biopsychosocia components (devel opment and progress-
sion of non-communicable diseases, changes in the incidents of suicidal
events, interrelationship quality and various processes, €etc.).

This magnetometer became the fifth magnetometer among the global
network of now six existing magnetometers worldwide. It will not only allow
us to observe and assess local GMA processes that may be significant in
Lithuanian population health context, but also to cooperate with researchers
where the other five magnetometers are located (USA, Saudi Arabia, Canada,
New Zealand, and South Africa). For effective data comparison at the global
level, there is a consistent cooperation with scientists at the HeartMath
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Institute, and other researchers and experts in Macedonia, Latvia, Saudi
Arabia, and United Kingdom.

Also, the obtained results of the research alow scientists and future
studies to pay more attention to the psychoemotional state of a person, rather
than merely concentrating on physical health indicators and/or objective
measurements of a health status.

Novelty of theresearch

Since 2014 when the aforementioned magnetometer was installed in the
territory of Lithuania, a team of scientists and specialists capable of under-
standing and processing big capacity data was selected. Along with this,
preparations began to conduct the study described in this dissertation. This
study is the first research in Lithuania using the data from the magnetometer
in Lithuania, and it isthefirst study examining the relationship between local
GMA and health parameters among young adults in Lithuania. A collabora-
ting team of mathematicians has developed new analysis methods, enabling
us to examine various characteristics of GMA and their relationships with
different health parameters.

Within the global context of studies in this field, our research employs
not only objective, but also subjective health assessment methods, adding
more significance to self-evaluated health indicators. Also, the research
emphasi zes a person’ s psychoemotional state and its significance in terms of
one's sensitivity to geophysical environmental phenomena. Finally, to the
best of our knowledge, thisis the first study that incorporates psychological
data in the context of physiological synchronization to other group members
and with the Earth’s magnetic field fluctuations.

Practical significance

A better understanding of the way GMA can influence human health
parameters, especialy deepening knowledge about the significance of Schu-
mann resonances (SR) and its different frequencies and intensities, can help
to better explain various health related phenomena (devel opment of diseases,
deaths, etc.), their causes and dynamics. Moreover, it can help to anticipate
and forecast some of their progression, as well as to help plan and take
preventive actions, in order to improve the population’s health and prevent
critical health impairments. Also, results of the research bring better under-
standing of how the emotional state of a person impacts his/her sensitivity to
geophysical environmental disturbances, making it important to pay the
society’s attention to maintaining one’'s psychoemotional state in a more
relaxed and harmonious condition.
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1. AIM AND OBJECTIVES

Aim — to determine the relationship between young adults biopsy-
chosocia wellbeing and local GMF fluctuationsin Lithuania.

Objectives:

1.
2.
3.

To evaluate local GMF fluctuations parameters in Lithuania;

To assess adults' biopsychosocial wellbeing and health parameters;
To estimate the associ ations between biopsychosocia wellbeing and
health parameters and local GMF fluctuations in Lithuania.

13



2. LITERATURE REVIEW

Search for scientific literature was performed in Lithuanian and English
languages in Pubmed, Google Scholar, Lithuanian university of health scien-
ces electronic publication databases, also in researchers network Research
Gate. The following keywords and additional words were used during the
search: psychophysiological health, biopsychosocial wellbeing, physical
health, psychological health, psychological wellbeing, mental health, social
health, social wellbeing, geomagnetic activity, geomagnetic fluctuations and
health, Earth’s magnetic field, geophysical activity.

2.1. Health and biopsychosocial wellbeing

The young adult years are considered to be the healthy years of the life
span, yet data about health statistics and overall health status at this age are
contradictory and suggest that there are various health related factors that
pervert the assumptions about good health during thislife span [189]. Current
health status and subjective wellbeing of a person is an important and signi-
ficant indicator for analyzing and predicting his’/her immediate future health
changes and healthcare needs [ 139]. Evaluating and determining health status
IS an important process in researching various processes in human life, there-
fore, health isafrequent subject of research in social, psychological and other
fields of science.

In 1977 George L. Engel proposed a biopsychosocia approach towards
understanding health assessment [44]. He claimed that addressing symptoms
and perceiving overall human health only based on bodily concepts, such as
pathophysiology of diseases and derangement of tissues or organs, isareduc-
tionist and unscientific approach. Although achallenging model to implement
in practice [19], the biopsychosocia approach represents science and huma-
nism in health care practice. Researchers Hari Kusnanto et al. [91] notice that
applying this model in health care, provides awareness on the interactions
among biological, psychological, sociocultural, and spiritual factors. After a
thorough analysis, the authors also stress that the biopsychosocial model is
particularly useful to deal with chronic diseases and ill-defined illnesses to
which patients response uniquely [91].

Assessment of health status and wellbeing is a complex phenomenon,
consisting of both subjective and objective components. Merely objective
data, recording actual knowledge and facts about illnesses, disorders, morbi-
dity, etc., do not reflect the full status of health, asthe health status of aperson
is conveyed also by social, psychological factors and subjective attitudes
towards hig’her health [194]. Objective and subjective aspects of wellbeing
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are also discussed by Arturas Gataiilinas [51], who claims that if objective
factors of wellbeing might be linked to the development of market relations,
the emergence of subjective factors should be linked to the perception that
wellbeing isreflected not merely by income and wealth, but rather by interac-
tion with the surrounding environment. Moreover, there are numerous object-
tive circumstances to which each individual responds specifically [51].

Subjectively assessed health includes both subjective assumptions and
actual knowledge of the individual’s health condition. A person’s subjective
assessment of his’/her health status is most often determined by biomedical,
functional and emotional components[79, 139]. Studies conducted by many
scientific researchers [71, 118, 139] emphasize that it is the subjective rather
than the objective assessment of health status that is a particularly important
and significant prognostic indicator.

The theory of salutogenesis, presented by Aaron Antanovsky [6], which
focuses not on the etymology of illnesses, but on ways how to improve and
maintain good health and wellbeing, claims that maintaining good healthisa
continuous process, very much depending on the capacity to use an indivi-
dual’ sinner resources available, such as the sense of coherence. Antanovsky
found that despite various traumatic life events, some people describe their
health as better than others. After thorough scientific studies, he came to a
conclusion that avery important factor for perceiving one’ s health and overall
wellbeing is the sense of coherence, which comprises three components —
comprehensibility, meaningfulness and manageability [7]. Bengt Lindstrém
and Monica Eriksson [100] explain these terms adding that they describe an
individual’s ability to assess and understand a situation he or sheisin; to find
ameaning to move forward in a health promoting direction; and having the
capacity to do so.

It has become clear that the sense of inner coherence can affect health in
many ways. It isespecially worth mentioning that it may affect the perception
of pain and may protect against depression [32]. A strong sense of coherence
isan important indicator of prognoses for health status, asit helps one mobi-
lize resources to cope with stressors and manage tension successfully [124].

With the current view that health is not just an absence of disease or
negative experience, interest in wellbeing has increased over the last few
decades. Existing theoretical [182] and empirical [68] studies have shown
evidencethat wellbeing isamultidimensional concept that cannot be captured
if not addressed holistically. McKinley Health Center at the University of
[1linois widened the definition of health by adding that it comprises physical,
intellectual, emotional, social, spiritual, and environmenta wellbeing. Authors
Justina Kaliatkaité and Laima Bulotaité [78] also claim that good wellbeing
is impossible to achieve if perceived as fragmented, ignoring unity of the

15



whole. Personal wellbeing, according to the authors, cannot consist of one
element as it must reflect both cognitive and emotional components. In other
words, subjective personal wellbeing comprisesanindividual’ s personal view
and experience in such life areas as overall life satisfaction, work, health and
other work related processes.

The current approach towards subjective wellbeing emphasizes the
emotional state of a person. Three elements that subjectively determine per-
ceived wellbeing, as discussed by Gintautas Silinskas and Rita Zukauskiené
[155], are the following:

e overdl life satisfaction;

e positive emotionality;

e negative emotionality.

As the mentioned authors additionally explain, subjective wellbeing
manifests as a phenomenon combining different emotions— both positive and
negative — which are converted into a general subjective fegling.

Based on observations by Silinskas and Zukauskiené [155], it could be
summarized that a high level of subjectively perceived wellbeing is achiev-
able for those individuals who tend not to experience negative emotions, are
able to maintain positive emotions in most of the life events and situations,
and also who have opportunities and skills to realize their potential and who
are not encumbered by social problems.

The need to explore wellbeing is also relevant for its practical applica-
tion — disease prevention through strengthening health and wellbeing is in
many ways beneficial, including economic elements. Thorough research has
evidently shown that wellbeing is not determined by the same factors that
cause diseases. This has helped to shape a broader understanding that deepe-
ning the knowledge of wellbeing can lead to much wider and more significant
results than just addressing and treating illnesses that have aready occurred.
It has become clear that identifying and strengthening factors that have a
positive influence on health and wellbeing can help strengthen the health at
the individual, organizational and societal levels [17, 69]. Perhaps for this
reason the construct of wellbeing received a lot of attention in the European
social survey (2013), which in its final module presented the following
scheme of the composition of wellbeing (Fig. 2.1.1).
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Fig. 2.1.1. The dynamic model of wellbeing [48]

Several years after the European Social Survey Round 6, the authorswho
assessed the data of the survey [76] further explored and analyzed the concept
of personal and socia wellbeing. Using a combination of theoretical models
and statistical analysis, they identified and distinguished six key dimensions
of wellbeing, made up of 35 items within the Personal and Social Wellbeing
Module. Those dimensions are the following:

1.

Evaluative wellbeing, which coversindividuals overall estimations
of how well their life is going, including feeling satisfied with life
and feeling happy overall.

Emotional wellbeing, which includes positive day-to-day feelings
such as happiness and enjoyment of life, and lack of negative
feelings such as anxiety and depression.

Functioning, which includes feelings of autonomy, competence,
engagement, meaning and purpose, self-esteem, optimism and resi-
lience.

Vitality, which includes sleeping well, feeling energized and feeling
able to face the challenges that life presents.

Community wellbeing, which is concerned with an individual’s
feelings about the community in which they live, including trust in
other people, feeling supported by members of the community, and
experiencing a sense of neighborliness.

Supportive relationships, which relate to individuals feeling that
there are people in their lives who offer support, companionship,
appreciation, and with whom intimate matters can be discussed.
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There are many different definitions of health and wellbeing in scientific
literature, but most often researchers are following the World Health
Organization’s (WHO) concept of health, according to which, health is not
just the absence of disease or disability, but also full physical, mental and
socia wellbeing [194, p. 26]. In order to carry out a comprehensive, biopsy-
chosocially-based review of health parameters, health aspects are further
discussed namely by distinguishing them into the three areas described in the
next subchapters — physical, mental and social. The biopsychosocial approach,
contrary to traditiona biomedical models in medicine, systematically
perceives health as being influenced by biological, psychological and social
factors and their complex interactions, and emphasizes the importance of
understanding human health and iliness at a broader level, not just limiting to
merely biologic cell level [44].

Summarizing the addressed scientific researches and discussions of their
findings, several key points can be pointed out:

e Overdl hedth status and wellbeing of a person is a complex
phenomenon, consisting of both subjective and objective compo-
nents. Many researchers agree that it is the subjective rather than the
objective assessment of health status that is a particularly important
and significant prognostic indicator;

e A person’s subjective assessment of his’her health status is most
often determined by biomedical, functional and emotional compo-
nents;

e Modern understanding and view towards overal health is shifting
from a focus on identification and treatment of diseases and disor-
ders to a more promising salutogenic attitude that is based on deve-
lopment and maintenance of good health. The theory of salute-
genesis stresses that maintaining good health is acontinuous process,
very much depending on the use of an individual’s inner resources
available, such as the sense of coherence, meaning that by modu-
lating one's emotional state and training specific personality traits
and capabilities, an individual can influence their overall health
condition.

2.1.1. Physical health and wellbeing

In 1929 Walter Cannon introduced the concept of homeostasis, after
which the study of physiology has been based on the principle that all cells,
tissues, and organs maintain a static or constant “steady-state” condition in
their interna environment. However, with the introduction and devel opment
of signal processing techniques that can acquire continuous time series data
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from various physiologic processes such as heart rate, blood pressure, and
nerve activity, it has become apparent that biological processes vary in a
complex and nonlinear way, even during the “ steady-state” conditions. These
observations have led to the current understanding that healthy physiologic
functioning is a consequence of continuous, dynamic interactions between
multiple neural, hormonal, and mechanical control systems that perform at
both local and central levels. For example, it has been proven that normal
resting sinusrhythm of the heart is highly irregular during steady-state condi-
tions rather than being monotonous and regular, which was the widespread
notion for many years up to now [150].

In order to better understand what factors influence physical health and
physiologic functioning, let usfirst start with a very significant element that
an individual faces every day — his’her socia surroundings. It has already
been scientifically proven that for humans, deficits in socia relationships
such as social isolation or low socia support can lead to chronic activation of
immune, neuroendocrine, and metabolic systems, leading to cardiovascular,
neoplastic, and other diseases[188, 192]. Developing and maintaining quality
socia connections play avital role in protecting physical and overall health.
A recent study found that socially embedded adults experience fewer disease
risks, and that there is a significant causal link between social connections
and reduced hypertension and obesity [189]. Previous non-experimental
studies using observationa data have found significant associations between
socia relationship indicators, such as socia integration and support, with
indicators of inflammation [188, 192] and metabolic dysfunction [188, 190].

A study conducted by Xueging Y ang et a. [189] strengthened the support
for causal links between social relationships and physical functioning by
finding from their resultsthat particular social network and support character-
ristics may have great influences on overall health. The authors found that the
relationship between social integration and better physical functioning, as
well as lower clinically significant disease risks, is exceptionally strong and
evident. Moreover, the study showed that the subjective perception of the
quality of social network was the factor that strengthened the impact on some
physiological markers. Thismeansthat it isthe subjectively perceived quality
of socia relationships rather than the quantity or density of one’'s social
network that better explains the link between socia ties and overall health
[189].

The clinical importance of heart rate variability (HRV) was noted as far
back as 1965 when it was found that fetal distress is preceded by alterations
in HRV before any changes occur in heart rate itself [65]. Low HRV hassince
been confirmed as a strong, independent predictor of future health problems
and as a correlate of all-cause mortality [38, 177]. Reduced HRV is also

19



observed in patients with autonomic dysfunction, including anxiety, depres-
sion, asthma, and sudden infant death [3, 23, 31, 53, 95, 96].

HRV declines with age [179] and aging often involves nervous system
changes, like loss of neuronsin the brain and spinal cord, which may degrade
signal transmission [74] and reduce regulatory capacity. Reduced regulatory
capacity may contribute to functional gastrointestinal disorders, inflamma-
tion, and hypertension [52].

HRV is also an indicator of psychological resiliency and behavioral
flexibility, reflecting the individual’s capacity to adapt effectively to changing
socia or environmental demands and challenges [15]. More recently, several
studies have shown an association between higher levels of resting HRV and
performance on cognitive performance tasks requiring the use of executive
functions [173] and that HRV, especially HRV-coherence, can be increased
in order to produce improvements in cognitive function as well as a wide
range of clinical outcomes, including reduced health care costs[5, 10, 94, 95,
106].

Seasonality is an important factor, worth mentioning in the context of
physical heath analysis, especialy when observing heart activity. The season
differences regarding heart failure admissions to hospitals and mortality are
observed: most ischemic heart disease and stroke related deaths occur in the
winter (especially — February) months, traffic accidents victims are most
common at the late autumn-start of winter, and suicidal cases are more
observed during summer time (June-July) [166]. Authors Martin Cowie [35]
and John J. McMurray et a. [116] also note that winter months can be distin-
guished for heart failure exacerbation in regard to such possible stimulators
for cardiovascular system responses as lower temperatures, comorbidities,
changesin diet, socia problems, etc. [35, 116].

Gender differences are also observed when analyzing seasonality in the
context of physical processes— in women seasonality of death is more
common than in men [165]. Gender differences in heart failure exacerbation
can be a component explaining longevity differences in male and female
longevity in most industrialized countries [163].

Physical disease or malaise has a widespread effect that draws into all
areas of life, however, overall health does not merely or — even to most
extent — depend on the assessment of physical health status. For instance, a
study conducted by Xiang J. Lin [99] showed that 43% of patients whose
physical heath condition was poor, evaluated their overall heath and life
quality as good. Thisis only one example that shows that health and health-
related quality of health is a very complex phenomenon, being influenced by
many different factors.
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Despite the fact that medicine has developed methods for how to
objectively assess an individual’s physical health, it is well known that
lifestyle and headlth determinants that influence the way of living have
significantly higher impacts for physical health and longevity than medicine.
It has long been proven that maintaining good physical health can also help
significantly improve mental health [152]. In general, when discussing
physical headth and wellbeing, it is inevitable to pay attention to physical
activity as a significant factor for improving and maintaining good physical
and overall health state.

Physical activity is typically described as any type of body movement
when due to muscle contraction, the amount of energy used is higher than
being at rest [47]. Various scientific research analyzing theinfluence of physi-
cal activity on different organ systems, claim that medium intensity physical
activity corresponding to the functional condition and capabilities of the
organism has asignificant positive effect on our health [134]. More and more
evidence-based research is emerging that proves the evident benefits of
regular physical activity not only for health in genera, but also for the
development of different chronic non-infectious disease. The importance of
physical activity is perhaps one of the reasons why WHO has come up with
very specific recommendations for physical activity for different age groups
(Table 2.1.1.1). Unfortunately, according to WHO [55], 23% of adults and
81% of adolescents (aged 11-17 years) do not meet the WHO global
recommendations on physical activity for health.

Table 2.1.1.1. Recommendations for physical activity [47]

Agegroup Recommendations

Healthy adults | Not lessthan 30 minutes of medium intensity physical activity 5 days per
aged 18-65 week or not less than 20 minutes of very high intensity physical activity
3 days per week. Physical exertion is considered sufficient if uninterrup-
ted physical activity lasts at least 10 minutes each time; medium intensity
stages can be interchanged with high intensity stages. Furthermore, phy-
sical activity enhancing muscle strength and endurance should be also
added in two or three days per week.

Several summary points on physical health are:

e Biologica processes in the body vary in a complex and nonlinear
way, determined by specific complexity regularities.

e Modern understanding of physiology has developed to a broader
level including perception that healthy physiologic functioning is a
consequence of continuous, dynamic interactions between multiple
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neural, hormonal, and mechanical control systems that perform at
both local and central levels.

e Socia connections, their development and maintenance are signifi-
cant for protecting good physica health — socially embedded adults
express fewer disease risks.

e  Seasonality impacts on physical health parameters and gender diffe-
rences are observed and appear to be significant factorsworth paying
attention to when addressing physical health.

e Appropriate lifestyle remains a crucial element for good physical
health. Regular physical activity is distinguished as a very important
component of overall lifestyle that has a significant influence on
physical and overall hedth.

There are many scientific publications showing that physical activity
does not only help improve physical health, but it is also a very strong factor
for developing and maintaining good mental health and wellbeing [29, 37].
Wewill further discuss physical activity in more detail in the next subchapter
on mental health and wellbeing.

2.1.2. Mental health and wellbeing

Menta health is a state of wellbeing in which an individual realizes his
or her own abilities, can cope with the normal stresses of life, can work pro-
ductively and is able to contribute to his or her community [83, 121]. Accor-
ding to the Lithuanian Republic Ministry of Education and Science, mental
health is a condition that promotes optimum physical, intellectual, emotional
development of an individual and that does not hinder the development of
other individuals [170]. According to the WHO, mental health is emotional
and spiritual resilience, in which an individual can experiencejoy and tolerate
pain, disappointment and sadness. It is a positive feeling of kindness, which
actsasaground for believing in one’s own and others' dignity and value.

Another definition of mental health includes a positive emotional and
spiritua state, the ability to feel and be one's self among other people, the
ability to express one's self creating pleasure for one’s self and others, and
the ability to make one's own decisions and be responsible for them [170].

In its description of mental health, WHO stresses the state of wellbeing,
which enables an individual to understand his’her own skills, manage stress,
work productively and fruitfully, and contribute to the community he/she
belongs to [120]. Apparently, mental health, according to the WHO, is defi-
ned through the state of wellbeing. Perhaps this has led to the tendency
nowadays to include the concept of psychological wellbeing when addressing
mental health issues. This practice is well approved by pioneers of Positive

22



Psychology. They claim that earlier psychologists were only interested in
misfortunes, mental disorders and psychological difficultiesthat people were
experiencing, giving too little attention to ahealthy individual and prosperous
society. Treatment and psychological intervention do not prevent mental
health problems, therefore, it isimportant to pay most of the attention not to
the risk factors, but to the subjectively perceived state of the individual, as
this subjective perception of one’'s health and wellbeing can help anticipate
the expression of disease or good health in the future [2, 149].

Mental health is one of the WHO's priority questions. In its Mental
Health Action Plan 2013-2020 WHO formul ated specific strategies for Euro-
pean Union member countries and national and foreign partners oriented
towards strengthening mental health and preventing disorders. Among many
aspects, it also highlights the need to create hedthy living and working
conditions, including implementation of evidence-based stress management
strategies into public and private sectors [119].

The concept of good health encompasses the assurance of the dignified
life of an individual and the principle of self-realization. According to the
Lithuanian Republic Ministry of Education and Science, thefollowing factors
are important for good mental health and wellbeing (Table 2.1.2.1).

Table 2.1.2.1. Factors affecting psychological health [ 169]

Social Biological Psychological
e Social and economic status | Age ¢ Relationship with parents and
o Poverty o Gender other carers during childhood
e Technological changes o Genetic ¢ Relationship with peers and
o Media predisposition other individuals
e Violence o Lifestyle ¢ Relationship with the
o Wars e Severe somatic environment
o Natura disasters diseases e Work and learning load
e Racism
e Unemployment rate

Inthefield of science, psychological (or mental) wellbeing isarelatively
new and promising term and research area. This field of science focuses not
on the search for flaws, but on factors that help aperson prosper, realize one's
potential and feel good in general. Although the roots of the primary
psychological wellbeing are aready found in philosophical reflections on
happiness in the works of ancient Greek philosophers, this area of scienceis
gaining more and more attention from scientists and politicians [138].
Research into psychological wellbeing has become particularly relevant in
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terms of the economic performance of the healthcare system, the increase in
life expectancy, and so on [181].

Psychological wellbeing includes both positive and negative psycholo-
gical factors. The positive part is the possession of a goa in life, positive
emotions, life satisfaction, happiness, and optimism. The negative part is a
high level of negative emotions [17]. It is believed that a happy person often
experiences positive emotions and rarely negative emotions and is generaly
happy with hisher life [127].

Good psychologica functioning is considered to be the basis for every-
day and overall wellbeing. It is mostly related to the internal resources of the
individual, which ensure not only the instant good feeling, but also provides
potential for along-term wellbeing support.

Scientific research has shown close relations between good psycholo-
gical state and some personality trait, for instance, optimism [36]. Authors
|an Brissette, Matthews F. Scheier and Charles S. Carver [21] also show that
individualswho look at the world from the optimistic point of view are better
in coping with stress than those who are full of pessimistic thoughts and
estimations.

Often, scientific literature suggests even broader interpretations of psy-
chological wellbeing, involving not only positive emotions (happiness or
satisfaction) but also trust, interest and good functioning, expressed through
the control of one'slife, goal-setting and the existence of social relationships
[68, 181].

It is not entirely clear what constitutes a construct of psychological
wellbeing. However, there is a consensus that personal and environmental
factors play arole in this. For example, partial psychological wellbeing de-
pends on parenting style, genetic factors, personality traits, environmental
conditionsand culture[1, 67]. Thereis debate among scientists about whether
environmental conditions affect a person’s psychological wellbeing. How-
ever, it is emphasized that unpleasant life events are less important than the
psychological perception and interpretation of those events [68]. Here it is
also important to pay attention to cultural differences that lead to different
interpretations of different events / factors. Scientists who researched them
and compared the results of the US and Japanese people found that there are
significant differences in how different factors between the populations of
these two countries are perceived and evaluated [80].

Nowadays, when discussing mental health, much attention is given to
understanding and preventing depression, which is a leading cause of non-
fatal disease burden worldwide, with a lifetime prevalence of 9% among
European adult men and 17% among European adult women [136]. Almost
two decades ago, WHO had already predicted that by the end of 2020,

24



depression would become the second largest cause for disability worldwide
[187]. Mental health disorders became more and more common, and their
expressed symptoms have an increasing impact on health. Depressive disor-
der erodes quality of life, reduces productivity and is an obstacle to the
fulfilment of social and familia roles. As a consequence, depression has
become a leading cause of disability worldwide.

From an economic point of view, prevention of the emergence and prog-
ression of depression may offer good value for money when it helps to both
avoid suffering, treatment costs, caregiver burden, and the costs that stem
from productivity losses. Economic evidence indicates that depression pre-
vention in adults is cost-effective especialy when offered in a self-help
format with minimal guidance from a therapist. It may even be cost saving
from a societal perspective when the cost offsets due to changes in produc-
tivity are accounted for. Preventive e-health interventions are a case in point;
they have potential to become cost-effective as they do not rely on scarce
resources such as therapists' time, but rather promote self-management and
are scalable, thus bringing down the marginal per-patient costsin asignificant
way [136].

One of the healing methods that scientists have proved to be effective in
the context of mental health and disorders, is physical activity, which has both
prophylactic and curative effect on treatment of mental disorders.

A physically passive lifestyle that lasts for at least 8 years (maximum of
about 30 years) issignificantly related to later clinically-expressed depression
[22]. Various forms of physical activity can help significantly reduce the
symptoms of severe and moderate depression [93]. Four independent studies
have found that physical activity is an appropriate and effective component
of psychotherapy treatment for depression [126].

A physically active lifestyle can also be effective when treating mental
disorders such as generalized anxiety syndrome, various phobias, panic
attacks and stress coping [130]. It is observed that physically active indivi-
duals have fewer complaints regarding feeling anxious or experiencing symp-
toms of emotional stress than physically passive individuals[73]. In general,
when having difficulties dealing with any form of stress management, physi-
cal activity can be included into the treatment strategies as being significantly
effective. It helps to reduce a short-term psychological reaction to an instant
psychosocial stress factor by normalizing arterial blood pressure, changing
muscle tone or modifying psychological factors. All these processes help
achieve afaster recovery after the experienced stress [180].

Higher levels of physical activity are significantly linked with subjecti-
vely perceived better psychologica wellbeing, higher joy of life, better mood,
more positive emotions and better quality of life. Moreover, it also helps to
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shape a more positive self-perception, which is observed in all age groups.
Positive self-perception has adirect and independent rel ationship with mental
health parameters [180].

Summarizing the benefits of physical activity on mental health, it could
be said that physical activity enablesindividualsto feel better and feel better
about themselves. Longitudinal studies have shown that such people feel
happier and are more satisfied with their lives [16]. This impact is observed
in all age groups independently of socio-economic status or health condition.

Another necessary component for mental health analysisis social inter-
relationships which are especially important and play a big role in everyday
life. There is consistent evidence that maintaining good quality social
relationships (with family members, friends and in the work environment) has
great beneficia effects on psychological health and wellbeing [14], while
social isolation, afeel of loneliness and lack of close social ties are associated
with poorer health and even increased mortality risks [64]. A study conducted
by Ziggi |. Santini [143] has also supported previous statements by finding
that poor social relationships have asignificant impact on mental health [143].

One of the closest and usually most significant social relationships are
with one’s current family members. Family status, according to a number of
researchers, can have a huge impact on psychological wellbeing. The results
of aseries of studies have shown that the psychological wellbeing of married
people is higher than that of single individuals [101, 115, 156, 161]. Suppo-
sedly, married individuals are more likely to experience more satisfaction and
self-expression in their lives, however, they have less autonomy [115]. It is
noted that those married and living together, and those not formally married,
evaluate their psychological wellbeing equally well. However, lonely, wido-
wed and divorced people consider this construct much worse than married
ones. Another important tendency was observed: the relationship between
marital status and psychological wellbeing depends on gender. Male widows
and lonely men consider their psychological wellbeing as worse than female
widows and single women [151]. Many studies have shown that married
couples or couples living together have fewer symptoms of depression than
lonely people [146]. Having a partner is especially important for older men
compared to women [77]. It can be concluded that marriage for men can act
as a protective factor against the development of symptoms of depression.

Naturally, socio-economic factors also play a big role in psychological
wellbeing. Particularly, strong psychological wellbeing is associated with
social wellbeing, namely — social activity and socia support [82]. Authors
Brissette, Scheier and Carver [21] also highlight the importance of social
relations when discussing psychological health and subjective personal and
socia wellbeing.
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However, there are aso contradictory findings from studies analyzing
links between the components of psychological and socia wellbeing. Some
authors found that in case of high psychological wellbeing, there was low
socia wellbeing. Therefore, it is recommended that both of these factors are
considered asrelated but distinct parts of the individual’s wellbeing [151].

After all, many studies, including longitudinal ones, confirm the link
between social wellbeing and psychological wellbeing, even considering
socio-demographic terms [156, 183, 193]. As socia wellbeing is considered
by most researchers as an essential component of overall wellbeing and
health, we will discussit further in more detail in the next subchapter.

Summarizing the subchapter, it is worth pointing out that good psycho-
logical functioning is considered to be the basisfor everyday and overall well-
being, and it ensures not only the instant good feeling, but also provides
potential for a long-term wellbeing support. Among many factors that
influence the state of mental health, some of the most important are quality
socia relationships and regular physical activity, the latter, according to
scientific researches, having not only prophylactic, but even a curative effect
on treatment of various mental disorders.

2.1.3. Social wellbeing

One of the characteristics of human society, distinguishing it from other
species, is that individuals are interrelated through social relationships. A
study conducted by Joélle Kivitset al. [88] showed that there are certain social
factors that determine socia health and wellbeing. Their study results
revealed 4 social components that contribute to health-related quality of life
and social wellbeing: living with aromantic partner, level of obtained educa-
tion, professional status and net household income, regardless of age and
gender. High quality socia participation and overall social lifeis such afun-
damental human need, that it has been shown in many research studies that
the lack of social connectionsincreases the odds of death by at |east 50% [64,
102]. Despite the ongoing, fast technological progress that provides people
with more and more different tools and ways to connect with each other,
loneliness and social isolation are an ever-growing complex challenge in the
society worldwide, with Julia Beaumont [9] reporting that 59% of adults aged
over 52 say they feel lonely often.

The concept of loneliness can be defined as the perceived sense of
isolation [61]. When defining this concept, it is important to distinguish the
feeling of loneliness and being alone, as these terms sound similar, however,
have different emotional and functional aspects. Being aone does not by
default mean being lonely — voluntary loneliness can be a positive thing and
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those who live alone can be seen as “self-reliant problem solvers, respectful
of other people’s privacy” [43]. The English Longitudinal Study of Ageing
found that 2 in every 5 individuals who lived aone reported hardly ever or
never feeling lonely [9]. It is observed that feelings of loneliness are more
prevalent among those groups of people who are single, widowed, divorced
or separated, economically inactive, living in rented accommodation or in
debt [9, 117].

It has been proposed that in the course of human evolution, loneliness
has not aways been associated with negative aspects, but rather has served as
an adaptive function, fostering connection and reconnection with others,
ensuring one's safety and long-term survival. Increasingly, more and more
researchers tend to recognize loneliness as being a significant social determi-
nant of health. In late childhood and early adolescence, experiencing loneli-
ness may result in impaired sleep, expressed symptoms of depression, and
poorer general health. These same effects are observed across the lifespan
[61]. It isagreed by many researchersthat lonelinessisathreat to health, with
evidence that it is a significant risk factor for a wide range of mental and
physical health problems, including depression, high blood pressure, sleep
problems and reduced immunity [62, 103, 131]. Lonelinessis often associated
with emotional stress and health problems, therefore, it is considered to be
closely connected to overall wellbeing [157].

The opposite indicator of loneliness— involvement in social activities —
Is one of the significant ways of how to help improve or maintain good
cognitive abilities, which, in turn, plays a big role in the overall assessment
of the individua’s wellbeing. Comparing cognitive abilities between those
individuals who are socially active (work, are taking classes, volunteer, are
engaged in charity activities, help their relatives, take part in religious or
political organizations activities, belong to various sport or other kind of
clubs with other people) and those of low social activity, the former express
better quality in cognitive functions [30, 45]. Some researchers even claim
that high social activity and social wellbeing are perhaps one of the most
significant factors for maintaining a good mental health and retarding the
process of cognitive impairment [59].

Asaperson grows up and matures (in different levels — physical, emotio-
nal, spiritual), hig’her environment changes. In time, a person sets short-term
and long-term goals, experiences playing different socia roles both in and
outside the family. Significance of socia roles and their development in the
course of life is an important aspect to address when discussing social
wellbeing. Social roles change and develop due to various usual life events —
marriage, child birth, career changes, etc. Assumed or assigned roles often
affect an individual’s behaviors, hisher expectations towards himself and
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towards others. Psychologist Antanas Suslavi¢ius points out the obvious
significance of social roles and highlights that an individual interprets and
perceives roles based on his/her personal views and background. The society,
however, presents certain models and perceptions, orienting towards under-
standing of what should a person in a specific role do and how he/she should
be acting. Different understanding of the role is a precondition for conflict.
Thus, misinterpreted roles or ignoring and not playing the assigned rolein an
appropriate way may result in internal or externa conflicts (with oneself or
others).

Around the age of 25-30 a person reaches physical maturity — the most
productive period in life. This period is accompanied by ongoing psycholo-
gical maturation, spiritual development, change in personal values and provi-
sions, adaptation to various environmental factors and events, etc. Science of
Developmental Psychology claimsthat it isthe age of young adulthood, when
anindividual hasto make two very important decisionsor directionsin his/her
life, related to marriage and career. Both of these questions are extremely
complicated, complex and require much efforts, sometimes even inner strug-
gling. These decisions may drastically change the individual’s social roles
and influence the burden of expectations assigned to him/her. However,
speaking about marital status, researchers share different insights and findings,
reaching no consensus about whether married peopl e experience higher social
wellbeing. Some studies [141, 151] showed evident links between marital
status and subjective social wellbeing, however, another study [125] did not
find any significant relationships and concluded that marriage, according to
the study’ s findings, does not provide advantagesin social life and wellbeing.
A proposed explanation for different findings about the perception of marria-
geand itsimpact on socia wellbeing isthat perhapsit isvery much depending
on cultural featuresin different countries [141].

It becomes obvious, from what has been discussed, that most of the social
wellbeing components are related to interactions with other people and the
quality of social relationships. The term social relationships covers a wide
variety of aspectsrelated to the proximal and distal socia environment. Distal
socia environment includes the broader social structure of opportunities for
socia integration (e.g. cultural, labor market, etc.) and its quality [13, 81].

Two most commonly addressed sociological concepts that analyze
proximal factors of social relationships are social networks and social support
[13]. The concept of social networks describe the size, density, frequency and
duration of social contacts, whereas social support emphasi zes the functional
aspects and their significance regarding providing instrumental, emotional or
informational resources[24]. Important additional aspects concern the quality
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of and satisfaction with social support received and, what isimportant to note,
the distinction between perceived and received support.

Defining the relationship between engagement in social networks and
health outcome, it turns out that social networks are related to depression
[175]. Partially, socia networks are found to be important for the feeling of
gaining socia support. However, extensive networks may not necessarily be
supportive and, on the contrary, members of social networks may be a source
of stress or even severe interpersona conflicts[178].

On the one hand, young adulthood is a period when adults are naturally
involved in participation of multiple social networks associated with the
actual circumstances during thislife period, including those at work, in their
community, with children and other parents, etc. Supposedly, social integra-
tion isnot adiscriminating issue during thislifetime period for most of young
adults. On the other hand, these multiple social connections during this time
are potentialy stressful in nature and may generate additional unwanted
tension [189]. Prior research found that it isthis period of life that is, compa-
red to other stages of life, mostly characterized by multiple role conflicts
across different social domains [34].

Moving forward with the most influential areas of social life, it isimpor-
tant to address the working environment. Various scientific studies found a
significant link between job satisfaction and social wellbeing. Those with
higher job satisfaction, according to the study conducted by Maryam Shoor-
vazi et a. [153], had higher levels of social wellbeing. Another study [49],
examining the level of social wellbeing and job satisfaction among teachers,
found obvious significant statistical relationship between these two variables.
The findings of that research were in agreement with Larson Theory, which
describes social wellbeing as the individual’s evaluation of the quality of
his/her relationships with family members, others, and social groups. The
author claimed that social wellbeing scale measurements are significant in
describing the individual’s overall wellbeing, especially concerning those
aspects that indicate his/her satisfaction or dissatisfaction with life and social
environment, and, additionally, it also includes the individua’s internal
responses, i.e. emotion, thinking, and behavior [92].

LeilaRastgoo et al. [137] found in their research that thereisasignificant
relationship between psychosocial heath parameters and job performance
among the nurses working in Ardabil hospitals. In fact, their study revealed
even broader results concerning more areas of social life — individuals who
have a high level of social wellbeing have better abilities to be successful in
coping with the challenges when playing major social roles, and they tend to
live in families with higher emotional and financial stability and integration.
Moreover, those individuals are more effective in taking active participation
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in collective activities, and, remarkably, are more compatible with social
norms [137].

Another question that interests scientists when analyzing socia well-
being is whether there exist specific personality components that can deter-
mine or predict an individual’ s quality and satisfaction of social interactions.
Authors Brissette, Scheier and Carver [21] in their research distinguish such
personality trait as social optimism which, according to them, enables a
person to feel part of the community or society in general. As the authors
claim in their study, an individual by default is already a part of some com-
munity and that he/she thinks not only about his’her own future, but also about
the community’s future, cherishing hopes and expectations regarding future
wellbeing. The main outcome of these findings is that each individual,
whether it is conscious or not, carries inside a wish to strive not only for
personal wellbeing, but also for the wellbeing and prosperity of the society,
country and the whole world.

Another author Audroné Telesiené [172] also addressed social optimism,
defining it as a personality trait, explaining how an individual evaluates in
general the future of the community or society to which he/she belongs and/or
the whole world. In the table below are two statements that were used in the
European Social Survey [48] and the percentage of respondents that agreed
or disagreed with the statements. Disagreement reflects optimism; agreement
reflects pessimism.

Table 2.1.3.1. Social optimism among Lithuanian inhabitants[172]

Question Agreed Disagreed
For most of the Lithuanians, life is getting worse 65.3% 8.6%

Considering what is happening in the world nowadays,
| find it hard to cherish hopes for the future of the world

43.1% 17.1%

As it is obvious from the table above, the level of social optimism in
Lithuaniaisrelatively low. The majority of respondents (65.3%) believe that
for the most of the Lithuanians, life is getting gradually worse, and that they
find it difficult to cherish positive hopes regarding the future of the world.

Another set of data regarding indicators of social wellbeing among
Lithuanians is shown in Table 2.1.3.2, which represents the findings from a
thorough analysis conducted in the frame of European Social Survey [48].
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Table 2.1.3.2. Average standardized scores on six wellbeing dimensions, by

country [48]
Evaluative| Emotional | Functioning| Community | Supportive |Vitality
wellbeing | wellbeing wellbeing | relationships

Denmark 0.68 0.36 0.32 0.10 0.30 0.05
Norway 0.53 0.39 0.19 0.23 0.25 0.02
Switzerland 0.52 0.16 0.21 0.14 0.23 0.17
I celand 0.51 0.28 0.19 0.42 0.19 0.05
Finland 0.51 0.22 0.16 -0.03 0.10 —0.06
Netherlands| 0.46 0.20 0.16 0.04 0.16 -0.04
Sweden 041 0.24 0.13 0.15 0.22 0.00
|srael 0.31 0.04 0.17 0.03 0.07 0.11
Germany 0.31 0.18 0.18 0.08 0.24 0.10
Belgium 0.26 0.04 0.07 -0.02 0.01 —0.06
E?r']tg%dom 0.23 0.11 0.07 002 005 | -007
Spain 0.16 -0.04 —-0.02 0.06 0.07 -0.14
Poland 0.11 0.00 0.10 -0.08 0.09 0.02
Slovenia 0.08 0.27 0.10 -0.01 0.08 0.06
Cyprus 0.07 —0.05 0.07 -0.14 0.16 0.12
Ireland 0.03 0.23 0.12 0.19 0.00 0.09
France -0.01 -0.01 0.04 —0.06 0.09 0.07
Italy —-0.06 -0.16 -0.01 —-0.06 -0.14 —0.06
Slovakia -0.12 0.03 -0.14 -0.01 -0.15 0.03
gzgfﬂ)l ic -0.14 -0.01 -0.17 -0.14 -0.24 -0.03
Estonia -0.17 —0.06 -0.01 -0.08 -0.09 0.06
K osovo -0.21 -0.17 0.14 0.16 —0.06 0.07
Por tugal -0.31 -0.07 -0.09 0.01 -0.10 0.15
Lithuania -0.36 -0.28 -0.17 -0.12 -0.12 -0.12
Albania -0.38 -0.37 0.01 -0.14 -0.10 —-0.05
Rusan | 040 | 023 | 083 045 033 | 004
Hungary -0.49 -0.30 -0.14 0.21 -0.16 -0.18
Ukraine -0.55 -0.23 -0.18 -0.04 -0.25 —0.04
Bulgaria -0.88 -0.24 -0.17 —-0.08 0.06 0.03
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AsweseeinTable2.1.3.2, the countries are sorted from highest to lowest
according to the evaluative wellbeing dimension. Lithuania appears in the
lower part of the list, meaning that the analyzed six wellbeing dimensions
(evaluative wellbeing, emotional wellbeing, functioning, community well-
being, supportive relationships, and vitality) arein arelatively poor condition,
compared to other European countries.

To summarizethe subchapter, it isimportant to note that the area of social
interactions is significant in terms of an individual’s feeling as being part of
the community. It has been proved that the lack of social connections
increases the odds of death by at least 50%, therefore, this field is important
to pay attention to, not only in the frame of public health parameters, but also
in the context of economic wellbeing and overall factors of the society’s
wellbeing. Despite the ongoing fast technological progress that provides
people with more and more tools and ways how to connect to each other,
loneliness and social isolation are an ever-growing complex challenge in the
society worldwide, with statistics portraying that 59% of adults aged over 52
say they feel lonely often. Involvement in social activities hel psalso to impro-
ve or maintain good cognitive abilities, which, in turn, play abig role in the
overall assessment of the individual’ s wellbeing and functioning.

2.2. Geomagnetic activity and human health

Solar wind is a stream of energetic charged particles emanating from the
Sun, and the geomagnetic field protects the Earth by deflecting most of the
charged particles. GMF changes over time and extends from the Earth’ sinner
core to where it meets the solar wind. Fluctuations in its speed, density,
direction, and other features strongly affect Earth’s local space environment
and technological, biological and ecological systems on the Earth [123, 133,
184].

As the National Oceanic and Atmospheric Administration describes,
daily magnetic field activity fluctuations arise from current systems caused
by regular solar radiation changes. Other irregular current systems affect
magnetic field changes caused by several factors: the interaction of the solar
wind with the magnetosphere; by the magnetosphereitself; by theinteractions
between the magnetosphere and ionosphere; and by the ionosphere itself
[127]. In order to describe fluctuations in the GMF caused by the mentioned
irregular systems, the following magnetic activity indices were designed:

e TheK-index wasfirst introduced by J. Bartels in 1938 and consists
of a single-digit O thru 9 for each 3-hour interval of the universal
time day (UT). It is a quasi-logarithmic local index of the geomag-
netic activity at the given location and time compared to a calm day
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curve. Each magnetometer measures the maximum deviation of the
horizontal component of the magnetic field at itslocation and reports
this. The global Kp-index is then determined with an algorithm that
results in the mean standardized K-index from 13 ground-based
magnetometers around the world. The Kp-index ranges from 0 to 9
where avalue of 0 meansvery little geomagnetic activity and avalue
of 9 means extreme geomagnetic storming.

e Since K-scale relationship to magnetometer variations is non-linear,

it is not capable of producing the average of a set of K-indices.
Instead, every 3-hour K-value is converted back into a linear scale
called the a-index. The average from 8 daily a-values provides the
Ap-index of a certain day. Days with high levels of geomagnetic
activity have ahigher daily Ap-vaue. [127].

Another geomagnetic activity related indicator is R sunspot, which is
used to describe spots on the sun’s surface. The relative number R is used to
measure sunspot activity, and the value of R attempts to account for the fact
that sunspots tend to appear in groups. The numeric expression of R is based
on subjective manual determination on adaily basis[128].

Finally, another indicator in terms of the global geomagnetic activity is
f10.7 index, which is one of the longest running records of the solar activity.
The F10.7 index originates from the chromosphere and corona of the solar
atmosphere. Thisindex correlates well with the sunspot number as well as a
number of UltraViolet and visible solar irradiance records. Also, it has proven
very valuable in specifying and forecasting space weather [127].

In addition to the global geomagnetic and space weather indicators, it is
important to mention a German physicist Schuman, who, back in 60s, identi-
fied and started investigating the features of GMF fluctuations that occur,
namely in the cavity between the surface of the Earth and the ionosphere. The
resonances that have been identified are low frequency electromagnetic fluc-
tuations which are closely related to human physiologic processes [146].
Electromagnetic impulses, like those from global lightening flashes (the
world’ s thunderstorm activity) fill the Earth-ionosphere cavity and excite the
Schumann resonances. Resonances can be observed at around 7.8, 14, 20, 26,
33, 39 and 45 Hz. The observation of Schumann resonances can provide
valuable information about solar activity, world thunderstorm activity, the
Earth-ionosphere cavity, climatic changes and human health indicators.The
human brain is a very sensitive el ectromagnetic organ, therefore, changes in
GMA and SR intensities have significant impact on alterations in brain-wave
and neurohormone responses. Belov et al. [12] have confirmed this by identi-
fying obvious alterationsin EEG rhythms.
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The first SR frequency with local maximum of power, is approximately
7.83 hertz (Hz), with a (day/night) variation of around £0.5 Hz. The other
higher local maximum powers are at frequencies ~14, 20, 26, 33, 39 and 45
Hz, all of which closely overlay with Alpha (8-12 Hz), Beta (12-30 Hz) and
Gamma (30100 Hz) brain waves, detected in the electrical activity of the
brain (EEG). An example of Schuman resonance dataisdepictedinFig. 2.2.1.
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Fig. 2.2.1. An example of Schuman resonance data recorded
from the magnetometer in Boulder Creek, California [111]

The similarity of EEG with the SRs was recognized early on, and the
ability for the EEG rhythms to synchronize with SR activity was later
observed by Konig [89]. A study conducted by Sergey V. Pobachenko et a.
[135] showed that during a daily cycle, variations in the EEG are similar to
changesin the SR.

Neil Cherry [28] presents atheory arguing that because brain waves and
SR share the same frequency range, resonant absorption of the SR signals by
the human brainis possible. It is aso proposed that every living organism on
the earth has a specific sengitivity to the strength and frequency of GMF
fluctuations [4, 98]. Heliobiology is the branch of science that deals with the
impact of solar activity and related effects on living organisms (sometimes
also referred to as cosmobiology and/or astrobiology). Studies linking geo-
physical environment activity level and the human psychophysiological
health state show that a subset of the population is predisposed to adverse
health due to geomagnetic variations and extremely high aswell as extremely
low values of GMA seem to have adverse health effects [132]. Recent studies
showed that both weak and strong GMF disturbances are linked to negative
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health outcomes [60, 70]. A question regarding the optimal strength of the
GMF for maintaining a good health still remains open.

Since modern equi pment detecting GMF fluctuations enablesresearchers
to capture and identify different frequency waves, it is meaningful to briefly
distinguish and describe each of the frequency range’s main health aspects.
Annette Deyhle, aresearcher at the HeartMath Institute [39], briefly describes
the five stages of the waves:

e Delta waves are observed during a deep dreamless sleep or uncon-

SCi OUSNESS;

e Theta waves occur at afirst stage of sleep and during deep medi-
tation. It has been linked to creativity, fantasizing, and is believed to
reflect activity from the limbic system and increased activity in
anxiety, behavioral activation and inhibition;

e Alpha waves reflect that magjor rhythm found in a normal state,
relaxed adult. It has been linked to overall mental and body/mind
coordination, calmness, alertness and |learning; when being in Alpha
rhythm, a person experiences a pleasant wellbeing, calm and smooth
thinking, and positive attitude. Lack of this rhythm can lead to
expressed signals of stress, concern, brain activity disorders and
indications for various diseases,

e Betawavesare mostly associated with active processing, stress, con-
cern and anxiety. This rhythm is observed during normal waking
consciousness and outward attention. Being in a state of Betarhythm
mostly causes higher levels of released stress hormones;

e Gamma waves are associated with waking states and can occur when
we are simultaneously processing information in both brain hemi-
spheres. It can be also associated with hyperactivity, panic, fright,
tension and peak intellectual performance.

After the initial observations by Schumann and his colleagues, many
studies followed, examining a broad range of physiological, psychological
and behavioral changes associated with changes in geomagnetic and solar
activity. It is commonly recognized that geophysical factors may promote
socia unrest by influencing the mental state of people [171]. A number of
studies have shown that geomagnetic and solar influences affect human
behavioral and health outcomes, the nervous and cardiovascular systems
being the most clearly impacted [50, 86, 104]. Increased rates of violence,
crime, revolutions, frequency of terrorist attacks also have been linked to
GMF disturbances [59, 122, 158]. In 2001, other researchers [87] found that
the majority of crimes of serial maniacs in USA and Russia coincided with
theincreasesin GMA. Another study, using data on suicide terroristic attacks
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in Israel, Iraq and Afghanistan (1,062 cases during 1994—2008), found that
certain patterns of GMA features were similar in all countries studied and
typically accompanied such acts. Surprisingly, anincreasein GMA wassigni-
ficant (p<0.0001) on the day of an attack and on the day following the attack
[56].

All of the above-mentioned geophysical environment features can affect
human health, wellbeing and behaviors both directly and indirectly, depen-
ding on different factors, including current health status and maturity of the
individuals. Increases in solar radio flux, cosmic rays and SR power were all
found to be associated with increased HRV and parasympathetic activity. A
link with the autonomic nervous system (ANS) was aso found and it appea-
red to respond quickly to changes in cosmic rays, SR power and the solar
radio flux [108]. Relationship between geophysical factors and human health
is also apparent not only on the just mentioned physical level, but aso on a
larger societal scale. An increase in these geophysical factors are associated
with increased social unrest [122], motivation [159] and human flourishing
[46].

Looking at the links between geophysical activity factors and human
health, it isimportant to consider what level these links appear in more detail.
Rollin McCraty et al. [104] conducted a 31-day study, where they examined
synchronization of human ANS rhythms with GMA and found that correla
tion between changesin solar acitivity and GMA and changes in human ner-
vous system activity is evident. This correlation appears to be a result of not
just aresponse to, but also a synchronization with the time-varying magnetic
fields. A likely explanation for that relationship and influence might be that
the human nervous system resonantly couples with geomagnetic frequencies
(Alpha waves) or ultralow frequency standing waves (Delta and Theta
waves) that overlap with human physiological rhythms [104].

The interactions between autonomic neural activity, blood pressure,
respiration and higher-level control centers in the brain produce both short
and longer-term rhythmsin HRV measurements[112]. HRV istypically used
asanindicator of ANS function and dynamics. HRV can also be described as
an indicator of functional status of interdependent regulatory systems that
operate to help aperson to adapt to environmental and psychological challen-
ges[150].

Research examining HRV measures have flourished in recent decades
[112, 114, 173]. Many studies have demonstrated a link between GMA and
incidents of coronary disease and myocardial infarction and significant
decreases in HRV during magnetic storms were identified [20, 33, 40, 104].
Also, the relationship between higher number of myocardial infarction and
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changes in the local GMF high frequencies (Gamma waves) was observed
[79].

In a study conducted in 1998 [42], low-frequency geomagnetic rhythms
were compared with EEG rhythms, blood pressure, heart rate, and reaction
times. The study results showed that the oscillations in both heart and brain
patterns changed simultaneously with the changesin GMA. Kevin S. Saroka
and Michael A. Persingerb [145] examined the relationship between human
EEG and GMF and found a close interaction between cerebral cortical activi-
ty and loca GMF, confirming a direct GMF impact on human emotions.
Experiments conducted by Tatyana Zenchenko et al. [195] examined healthy
individuals heart rates at rest and compared them with low-frequency
variations between 0.5-3.0 MHz in the GMF. The researchers found that in
two-thirds of the experiments, there was a synchronization between the heart
rhythms and the rhythms in the GMF that occurred between 4 and 30 minute-
long periods.

Eliyahu Stoupel et a. [164] have showed that GMA, accompanied by
high cosmic ray activity (neutron activity), is significantly linked to arisein
more medical emergenciesand the total numbers of daily deaths. Anticipatory
reactions, occurring several days before the onset of a magnetic storm, have
also been observed, with significant aterations in various participants
physiological health parameters including blood pressure, HRV, heart rate,
etc. [40, 41, 85, 104].

In another study performed by Stoupel [168], low GMA was associated
with more sudden deaths, some increase in electrical heart instability number
of ventricular and supraventricular extra systoles and higher rate of ventri-
cular tachycardia. Tachysystolic sudden cardiac death (related to ventricular
tachycardia and ventricular fibrillation) is significantly more often observed
in conditions accompanied by higher cosmic ray (neutron) activity and lower
GMA [167]. GMA level was also found to be negatively correlated with the
monthly occurrence of pregnancy-induced hypertension [168].

As HRV was described as an indicator of ANS, one of the conclusions
that the described in his findings propose is that daily ANS activity reacts to
changes in geomagnetic and solar activity and that its responses are initiated
at different times after the changesin GMA and persist over different lengths
of time. Also important is that different individuals respond differently to
those changes [4, 85].

38



Research in the field of heliobiology [132], over a period of approxima-
tely 30-years came to the following conclusions, defining relationship
between health effects and geomagnetic disturbances:

e  Geomagnetic disturbances have a greater effect on humans at higher

geomagnetic latitudes.

e Unusualy high values of GMA have an effect on human cardiovas-
cular health.

e Unusudly low values of GMA seem to have a negative effect on
human health.

e About 10-15% of people are significantly negatively affected by
geomagnetic disturbances.

e HRV isnegatively correlated with geomagnetic variations.

After reviewing al the mentioned findings which reveal avery complex
relationship between environmental geophysical factors and human health,
there might be a question whether it would be better for living organisms to
beisolated from GMA? A study investigating healthy subjects who wereiso-
lated from the GMF and who were compared to a control group, showed a
significant increase of 17% in capillary blood flow and average reduction of
2 mmHg in diastolic blood pressure [57]. A few studies examining animal
health have shown a pronounced effect of hypo-magnetic fields on their
cardiovascular system. The serious anomalies in the development of the
cardiovascular system have been revealed in the experiments on Japanese
guail embryos [176]. Another study was conducted by NASA Laboratory
with four healthy young adults selected for service in the Navy. They were
exposed during 10 days in “zero magnetic field” (the magnetic field did not
exceeded 50 nT), after which an influence of hypo-magnetic conditions on
the certain cognitive tests in comparison to the control unexposed group was
detected. However, differences in blood pressure and heart rate during the
study were not statistically significant [11].

To summarize the discussed peculiarities on GMA and health outcomes,
we should first define certain stable features of GMA, which are the following:

e GMF changes over time and extends from Earth’s inner core to
where it meets the solar wind.

e Thesolar wind isresponsible for the overall Earth’s magnetosphere
(the sphere protecting the Earth). Fluctuations in its speed, density,
direction, and other features strongly affect Earth’s local space
environment and technological, biologica and ecological systems.

e Every living organism on Earth has a specific sensitivity to the
strength and frequency of GMF fluctuations.
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Many different factors play a mediating rolein the influence of GMA on
different health parameters. Some of these factors include the condition of
health status, HRV functioning, even the quality of interpersonal relation-
ships. All the discussed findings reveal a very complex relationship between
environmental geophysical factors and human health.

It can be concluded that geophysical environment is evidently linked to
human health in different levels and different patterns, affecting human beha-
vioral and health outcomes, the nervous and cardiovascular systems being
especially impacted. Obviously, thisrelationship is affected by many factors,
including maturity of a person, quality of interpersonal relationships, current
state of one’'s hedth, and many more. Also, this relationship is complex,
occurring not only in observed time intervals, but also as a synchronization
process.
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3. MATERIAL AND METHODS

3.1. Procedure and study sample

For optimal and reasonable research design, consultations and pieces of
advice were obtained from the HeartMath Institute research department,
which has a long-term experience in studying the GMA related factors. In
order to thoroughly examine the GMA related health factors, a two-phase
study was conducted (further — Sudy 1 and Sudy 2). On 23 December, 2015,
Kaunas Regional Ethics Committee for Biomedical Investigations granted the
permission for our research (no. BE-2-51) (Annex 1).

For the Study 1, 20 participants were recruited. The main objective of
this study was to assess the synchronization between the HRV time series of
each participant and the magnetic field data. This information was then used
to construct clusters of participants within the group based on the estimated
synchronization between their HRV and the magnetic field. Finally, to exa-
mine whether an emotional state has an effect on synchronization with GMA.

The mean age of the 20 participants in the Sudy 1 was 23.3 (SD 0.6)
years, consisting of 16 females and 4 males. All participants were medical
students from the Lithuanian University of Health Sciences. All participants
underwent daily 24-hour ambulatory HRV recordings during a two-week
period between 26 February and 12 March, 2015. Prior to the start of the
study, each participant received instructions on attaching, starting, and
stopping the recorders when necessary (for instance, when taking a shower).
Participants were instructed to stop the recorder each morning after waking
up as they started the day, and allowed up to 50 minutes to shower or bathe
before reattaching the recorder and starting the new day’s recording. Ambu
Blue Sensor VL microporous breathable disposable electrodes were used for
all of the recordings. The electrodes were placed in a modified V5 position.
To minimize skinirritation over the two weeks, participants were encouraged
to locate the electrodes around three different positions near the V5 electrode
sites. All of the HRV recordings were downloaded from the File Transfer
Protocol site to a computer workstation and analyzed using the numerical
computing environment DADISP 6.7. The loca time stamps in the HRV
recordings were converted to Coordinated Universal Time (UTC) to enable

1 For measuring the potentials close to the heart, an American cardiologist Frank Norman Wilson
introduced the precordial leads (chest leads) in 1944 [187]. These leads, V1-V6, are located over the
left chest. The points V1 and V2 are located at the fourth intercostal space on the right and left side of
the sternum; V4 islocated in the fifth intercostal space at the midclavicular line; V3 islocated between
the points V2 and V4; V5 islocated at the same horizontal level as V4 but on the anterior axillary line;
V6 isat the same horizonal level as V4 but at the midline [187].
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synchronization between the five locations that took part in the study and the
magnetic field data sets.

In addition to the gathered HRV data, each person’s quality of interac-
tions between each other within the participating group during the two-week
study period were assessed. At the end of each day each participant was asked
to make alist of other participating individuals who they had interacted with
that day (if any) and rate whether the interaction had positively (+1) or
negatively (—1) affected their state that day.

Inthe middle of thistwo-week period, on 5 March, the group participated
in a 15-minute coherence technique, in order to analyze whether their inner
psycho-emotional state can influence personal relationship with GMF fluc-
tuations.

There was a broad range of scientists and specialists from different fields
of science working together in this study, including specialists from applied
mathematics, geophysics, cardiology, psychology, etc. New mathematical
methods were developed during the analysis of this study and innovative
algorithms were constructed for the computation of geometrical synchroni-
zation [174].

It is worth mentioning that the Sudy 1 was performed in 5 countries
globally at the same time each of which were |ocations where the local magne-
tometers had been installed (Canada, Lithuania, New Zealand, Saudi Arabia
and the USA).

Results from the Study 1 raised a hypothesis that local geomagnetic field
strength fluctuations may have an impact on individuals health and
wellbeing, therefore, Sudy 2 was designed with alarger sample.

After the implementation of Sudy 1, it was decided that a two-week
observational period is optimal when observing GMF fluctuations. The re-
sults obtained in the Study 1 raised a hypothesis that GMF fluctuations may
have impact onindividuals health and wellbeing, therefore Study 2 was plan-
ned. For the Study 2, it was decided to gather self-reported data about
participants’ health and wellbeing parameters.

Study 2 was conducted during 2016 by organizing five waves, each of
which lasted 14 consecutive days (Fig. 3.1.1). After collecting the necessary
data from the study participants after all five waves, the accurate local GMF
data, according to the dates when each study wave took place, was received.
GMF data was received by each of the study date’s average score, and also
by accurate score of each hour of the days when the study took place.
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Wave 1 \;" 7-20 March, 2016 (n = 56) /

Wave 2 \>} 18 April — 1 May, 2016 (n= 88) /
A

Wave 3 >E 13-26 Junc. 2016 (n=47) /

Wave 4 \> 518 September, 2016 (n=21) \>

.

Wiave 5 > 10-23 Ociober, 2010 (n = 6d) >
Fig. 3.1.1. Conducted study waves by date and number of subjects

It was decided to examine young adults aged 18-39 years residing in the
city of Kaunas (Lithuania). The study participants were recruited using the
convenience sampling, collaborating with various companies and organiza-
tions that agreed to take part in the study. During the meeting with each re-
cruited group of participants, each participant was personally given an enve-
lope with the study questionnaires for 14 days (Annex 2). Participants were
informed about the study’s aim, process and the right to withdraw their
participation at any time upon one’s will. In addition, during the instruction
meeting with the study participants, the candidates were informed about the
minimum and maximum age required for the study. The questionnaires with
respondents’ age outside the age range of this study, were not further
processed into the study database and were eliminated from further analysis.
A total of 264 participants data were included into the final study database.
Each study participant filled out the questionnaire 14 days in arow, once per
day. All five study waves included unique participants, meaning that each
participant of the study took part only in one of the five organized waves. All
participants had to indicate the exact time each day they were filling in the
guestionnaires. Participants were asked, if possible, to fill out the question-
naires during the first part of the day.

The minimum required sample size for the study was cal cul ated based on
the general population aged 18-39 years, residing in Kaunas city. The popu-
lation size was based on data from Statistics Lithuania about Kaunas city
population aged 18-39 years, which in total comprised 90,806 persons. This
was considered as the target population, and further sample size calculations
were based on the formulafor proportions below [144, p. 23]:

zZxpx(1—-p)
n=
1 , z¢Xpx(1-p)
(1-7) %22+ .
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In our case, the N = 90,806, z = 1.96, p = 0.20 (based on pilot observa-
tions), and A = 0.05. This ends in the minimum sample size of n = 246.

Table 3.1.1 presents the main characteristics of the Study 2 participants.
As seen in the table, the mgjority of the study sample were females (70%),
and over 70% of the participants were 1929 years old. Regarding their fami-
ly status, the majority (66.5%) of the participantswere not married at thetime
of the study, and over half of the total sample (53.4%) indicated having
obtained secondary education. In total, 63% of the participants reported no
regular physical activity in their everyday lifestyle.

Table 3.1.1. Main characteristics of the Sudy 2 sample

Characteristic Group n %

Gender Male 79 30.0
Female 184 70.0

Age 19-29 years 187 70.8
30-39 years 77 29.2

Family status Not married 175 66.5
Married 55 20.9
Divorced 16 6.1
Liveswith a partner 17 6.5

Education Primary 1 04
Secondary 140 534
Vocationa 18 6.9
Non-university level higher 12 4.6
Bachelor’s degree 40 15.3
Master’s degree 46 17.6
Higher than master’ s degree 5 19

Physical activity Regular 91 37.0
Not regular 155 63.0

Weight 69.3+15.4kg

Height 173.4+9.1cm

Body mass index 229+ 38




3.2. Assessment tools

Geomagnetic field (Study 1 and Study 2)

The local GMF intensity was measured using the magnetometer |ocated
in Lithuania which is a part of the Global Coherence Monitoring Network
[109]. The place for the magnetometer installation was chosen in the territory
of The Institute of Animal Science of Lithuanian University of Health
Sciences, located in Baisogala (Radviliskis district). Two magnetic field
detectors (Zonge Engineering ANT-4) at the site are positioned in the north-
south and east-west axes to detect local time-varying magnetic field strengths
(sensitivity 1 pT) over awide frequency range (0.01-65 Hz) while maintain-
ning a flat frequency response. The data acquisition infrastructure captures,
then stamps the global positioning system time, and transmits the data to the
common server. Processes recorded by every magnetometer in the network
are continuously sampled at arate of 130 Hz.

The magnetometer values are uploaded to the central server at the end of
each hour, and the time required for the upload is about one minute. So, the
magnetometer data contains one-minute-long periods of missing datafor each
hour. Hourly data files are downloaded to a personal computer (PC) worksta-
tion for post-processing where each hourly data file was transformed into
consecutive 30 slong segments. The power spectral density (PSD) was cal cu-
lated for each segment. All PSD segments for each hour were then averaged
together. The sum of the PSD in the frequency range from 0-66 Hz was
calculated for each hour in the study period.

The data from the magnetometers is able to be differentiated across six
different frequency ranges. 0-3.5 Hz, 3.5-7 Hz, 7-15 Hz, 15-32 Hz, 32—
66 Hz, and 0—66 Hz, which makesit possible to conduct different analyses by
examining different aspects of each of the frequency ranges. Mean power of
local magnetic field fluctuations in Lithuania, measured in pT in five different
frequency ranges, overlaps between the Schumann resonance and EEG
frequency ranges.

An example of magnetic field intensity seriesis shown in Fig. 3.2.1.
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Fig. 3.2.1. An example of the local magnetic field intensity data
(measured in Lithuania during the time period
between 2015/02/26 01:00:01 and 2015/02/26 03:00:01)

An example of the spectrogram S 6, w) of the magnetic field signal depicted
inFig. 3.2.1for A= 4 hours, w € [0; 52] Hzisdisplayedin Fig. 3.2.2.
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Under the permission of HeartMath Institute, Lithuanian magnetometer
data are constantly supervised and handled by mathematicians at Kaunas
University of Technology, with which Lithuanian University of Health Scien-
ces signed a cooperation agreement together with HeartMath Institute in
2014, and in 2020 it has been officially extended for the next five years.

Heart Lock-1n Technique (Study 1)

In order to examine whether inner state of an individual isassociated with
geomagnetic field fluctuations, the Heart L ock-In® coherence technique was
performed during the Study 1. On March 5th, the group of the study partici-
pated in the Heart Lock-In Technique for a 15-minute period. The Heart
Lock-In Technique, introduced in 1992, focuses on building the capacity to
sustain heartfelt positive emotions. Because it helps to instate or lock in new
patterns, the Heart Lock-1n Technique is considered an emotional restructu-
ring technique. The technique has been shown to increase coherence in an
individual’ s heart rhythms.

The Heart Lock-In Technique is generally practiced for five to fifteen
minutes at atime, although longer sessions may aso be used. The steps of the
Heart Lock-In are:

e Step 1: Focus your attention in the area of the heart. Imagine your
breath is flowing in and out of your heart or chest area, breathing a
little slower and deeper than usual.

e Step 2: Activate and sustain a regenerative feeling such as appre-
ciation, care or compassion.

e Step 3: Radiate that renewing feeling to yourself and others [110].

Use of this technique is typically accompanied by feelings of peace,
harmony, and sense of inner warmth, and isoften an effective meansto relieve
accumul ated stress and negative feelings [113].

HeartMath is aregistered trademark of Quantum Intech, Inc.

HRYV data collection (Study 1)

HRV is a noninvasive measure that reflects activity and dynamics of
ANS. All participants of the Study 1 underwent daily 24-hour ambulatory
HRV recordings during a two-week study period (Bodyguard2, Firstbeat
Technologies Ltd., Jyvaskyl4, Finland). The HRV recorder calculatesthe RR
interval (time interval between two consecutive heartbeats) from the electro-
cardiogram sampled at 1000 Hz. The RR interval data were stored locally in
the device memory, and downloaded to a computer workstation at the
completion of the study. All of the HRV recordings were downloaded from a
file transfer protocol site to a computer workstation and analyzed using the
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numerical computing environment DADISP 6.7. Inter-Beat-Intervals (1Bl)
greater or less than 30% of the mean of the previous four intervals were
considered artifacts, and were excluded from further analysis.

Daily recordings were processed in consecutive 5-minute segments in
accordance with the standards established by the HRV Task Force. An
example of aregular (equidistant) time series of time interval's between heart-
beatsis shown in Fig. 3.2.3.
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Fig. 3.2.3. An example of a regular (equidistant) time series
of time interval s between heartbeats

Any 5-minute segment with >10% of the IBIs either missing or removed
in editing were excluded from the analysis. Thelocal time stampsin the HRV
recordings were converted to Coordinated Universal Time (UTC) to enable
synchronization between the five locations globally and magnetic field data
sets [105].
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12-Item Short Form Survey (SF-12) (Study 2)

SF-12 has been extensively used as a valid measure of self-reported
health-related quality of life in a variety of population groups [66]. The
original survey was developed from the Medical Outcomes Study (MOS), a
multi-year study of patients with chronic conditions, resulting in a 36-item
Short-Form Health Survey SF-36 [184]. The SF-12v2®covers the same eight
health domains as the SF-36 with substantially fewer questions, making it a
more practical research tool for many investigators who must restrict survey
length. The eight health domains are the following:

e General hedlth;

Physical functioning;
Role physical;

Body pain;

Vitality;

Social functioning;
Role emotional;

e Menta health.

The instrument has been validated across a number of populations [18,
25-27, 142], including adults population in Kaunas city [90] — the same city
where the discussed main study of this dissertation was conducted. It is
noteworthy that the mentioned study examined 25-84-year-old adults,
showing that the methodol ogy is applicable to both younger and older indivi-
duals. Many scientific researches have confirmed the survey’s sensitivity to
observing individuals mental and physical changes.

The questionnaire consists of twelve items that measure the aforemen-
tioned eight health domains to assess physical and mental health. Physica
health-related domains include:

e Genera health (1 item);

e Physical functioning (2 items);

e Rolephysical (2 items);

e Bodily pain (1 item).

Mental health-related scales include:

o Vitality (1 item);

e Social functioning (1 item);

¢ Roleemational (2 items);

e Menta health (2 items).

Answersto the questions are scored. To cal cul ate the physical and mental
health-related scores we used the QualityMetric Health Outcomes Scoring
Software 4.5. The software applies a norm-based scoring algorithm empi-
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rically derived from the data of aUS general population survey, where amean
of 50 and a standard deviation of 10 are recommended in order to facilitate
cross-cultural comparison of results. The possible scores for the physical and
mental health-related scales can range from O (the worst) to 100 (the best).
Scores are calibrated in a way that 50 reflects the average score or norm. A
higher total score indicates a better subjectively evaluated health state [185].

SF-12% is a registered trademark of Medical Outcomes Trust and all
survey users are required aformal licensure by QualityMetric Incorporated.
After signing anon-commercial license agreement, QualityMetric Incorpora-
ted shared avalidated questionnaireformin Lithuanian language. Thetransa-
tion and validation process was supervised and certified by Health Research
Associates in 2012.

Subjective health dimensions (Study 2)

In addition to SF-12 questions, the subjects were asked to provide their
answersto four questions regarding their physical vitality, emotional vitality,
socia connectedness and overall wellbeing. These questions were construc-
ted cooperating with the HeartMath Institute research director Rollin
McCraty. The constructed questions were:

Physical Vitality —what isthe current level of your physical energy?

Emotional Vitality —what are you feeling right now?

Social Connectedness — what is the current quality of your social
relationships?

Overall Wellbeing — how do you fedl about your life right now?

For the used Lithuanian version in the study, see Annex 2.

Subjects had to assess each of the questions by Likert scale from 1 to 5.
A higher total score of 14 study days reflects better subjectively evaluated
health indicator.

The internal consistency of these items in the study sample was o = 0.852.

Additional information (Study 2)

Subjects of the study were also asked to fill in information about their
marital status, age, weight, height, education level, gender and physical
activity.
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Study 1

3.3. Data analysis

Computation of the synchronization of HRV and GMF

In order to estimate the synchronization between the HRV time series of
each participant during the initial study and the GMF fluctuations, the
following steps were implemented:

1. The power of thelocal GMF was computed using Algorithm A:

Compute the spectrogram S8, w), as described in [174].

Crop the spectrogram S = min{S, Srop} in order to eliminate
intermittent chaotic outbreaks in the measured data due to
manmade noise, lightening, etc.

Apply the Gaussian median filter of dimensions 3x3 for the
reduction of noise.

) twma 1
Computethesignal power as P = Tgmax (E ¥ e, S(t, @) )

Following the described algorithm, the signal power time series is the
sum of the values of the spectrogram corresponding to the specified frequency
and time intervals.

2.

A straightforward Algorithm B was applied for the computation of
the area of the embedded attractor based on the direct assessment of
the geometric area occupied by the set of points of the trgjectory
matrix in the state space:

Compute the center of the mass of the points comprising the
attractor. Move the origin of the state space to the center of the
mass,

Divide the state space of the attractor into the slices with equal
central angles of acircle centered on the origin. The number of
slices depends on the number of points in the observation
window of the time series;

Set the radius of each dice to the maximal distance between a
point belonging to that slice and the origin;

Compute the area of the attractor S; as the sum of areas of all
glices.

51



3. The Algorithm C was constructed for the estimation of geometrical
synchronization between two time series:

Dividesignals X and Y into T observation windows of sizem (m
should be large enough to enable the reconstruction of a
meaningful attractor in the state space):

I:-Xl' vau g Xm), (Xm+1' very XZ‘H])’ ewy (Xn—m+l' Xn]i

(Vi Yinds Wszs o Yamds woos (Vpmimas Y-

Compute optimal time lags for each observation window for
both time series using Algorithm B. This information reduction
algorithm alowsidentification of similarities between attractors
reconstructed from different time series from the geometrical
point of view. The variation of optimal time lags reconstructed
for a pair of time series is used for the quantification of the
generalized geometrical synchronization between those time
series;

Calculate the vector of absolute differences between obtained

optimal time lags for each observation window:
E-;C'Vl {X} (Y)‘| 0 - 1 T)

In order to |dent|fy the dow dynamics reflecting averaged

changes in absolute differences between optimal time lags for

each data signal, divide the vector of absolute differences into

F = segments: [t$310 1) 10 s TS0 | (0 = TF). Thenumber

of points h in each segment should be large enough to produce
ameaningful averaging.

Calculate the mean absol ute difference

£750 = 231 - yep (0 = TF) between optimal time
Iags for each segment. The obtained vector of mean absolute
differences AGY) =[£I _ #")] is defined as a
measure representing the geometrical synchronization between
datasignals X, Y.

More detailed procedure of the construction and implementation of the
computational method, as well as the process of validation is thoroughly
described in [174].
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Identification of clustersin the group based on the similarity/
synchronization between participants HRV and GMA

In order to identify clusterization of the study group of 20 people based
on synchronization of their HRV with fluctuations in GMA (these fluctua-
tions are reflected by the power of the local magnetic field data), the below
procedure was implemented.

Suppose a set of timeseries X8 = {X,(k), ...,X,Ek)). k = 1,K and amaster
time series M = (Mg, ..., Mn) are given. The objective of the following
procedure is to compare and clusterize time series X® (k =T, K) based on
their synchronization in respect to the master time series M. The steps of
Algorithm D read:

1. Compute the vec{tor of mean z;xbsol ute differences

I 3 5
AP = &M XM evibing the redationship between
X® and M as described in Algorithm C, for each X0, i = T, K.
2. Cdculate the Euclidean distance (the measure used to estimate the
geometrical similarity of two data vectors) which represents the
similarity between al K data signals, using the following formula:

HAEx'-‘-',M} _ Ax ML

Z

(XU M) (UM (xi0 {x M2
_ \/(TEX '—TH MI) -t—-*--l—(’r“ Mj_rdx ; }l) 1

1 F F
i,i=TE.

The above equation yields the symmetric matrix of Euclidean distances.

3. Construct a dendrogram plot (UPGMA) [159], using the obtained
matrix. The main goal of the dendrogram is to identify the clusters
of similar time series, i.e. the clustering process involves grouping
the analyzed time series based on the similarity of the slower rhythm
dynamics of their synchronization with master time series M.

Study 2

The study data were entered and checked for inconsistencies and errors
using M S Excel 2007 package. The analyses of the study datawere conducted
using IBM SPSS Statistics 23.0 version statistical package. The significance
level was set at P<0.05.

In univariate analysis, the continuous indicators were presented with
means and standard deviations (SD), the categorical data — with percentages
and absol ute prevalence (n). In order to use the parametric statistical methods,
the normality of distributions was estimated using skewness and kurtosis,
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with the criterion of absolute values below 2 as a cutoff for acceptance of
normality. Numeric and visual data on the normality parameters of analyzed
health indicators is shown in Annex 3. For non-parametric indicators the
median and interquartile range (IQR) was calcul ated.

The biopsychosocia wellbeing and health indicatorswere analyzed using
parametric methods, because in the maority of the cases the indicators
followed the Gaussian distribution. The comparison of means by gender and
by age group was conducted using the independent samplest-test with regard
to Levene' stest for homogeneity of variances. Subgroups comparison by age
and gender were corrected using Bonferroni method.

Sincethe geomagnetic fluctuations were not fully following the Gaussian
distribution, the correlations between biopsychosocial and geomagnetic
indicators were calculated using non-parametric approach, i. e. the Spear-
man’ s rho correlation coefficient. Given the presence of weak correlations in
the correlational analysis (being below 0.20 in amost al cases), the
coefficientsin absolute value less than 0.10 were considered negligible, while
that of 0.10 and more were considered as slightly stronger.

In order to examine the possible effects not only occurring simultaneous-
ly but with lagging intervals, the analysis also included measurements of
GMF strengths with laggings of 12, 24, 36 and 48 hours, that is, the analyzed
health indicators were associated with GMF strengths at actual time, and then
with strengths after 12, 24, 36 and 48 hours. For subgroup analyses, the strati-
fied groups approach was used.

In order to establish whether the GMF associates with the analyzed
wellbeing and health indicators, the multivariate logistic regression analysis
was a so performed. The cal culationsincluded the adjustment for age, gender,
physical activity, and season of the year. The strength of particular factors
was expressed in odds ratios (OR) with 95% confidence intervals (ClI),
indicating the difference of likelihood for better state of analyzed wellbeing
and health indicator comparing target groups with reference groups (OR =
1.00). For the GMF, the effect was calculated for 100 pT difference.



Dichotomization was based on median of every particular variable

(Table3.3.1).

Table 3.3.1. Dichotomization of analyzed wellbeing and health indicatorsin

multivariate analysis

Wor se condition

Better condition

SF physical 20.06-55.39 55.42-89.87
SF mental 6.45-45.32 45.33-89.89
Physical vitality 1-3 4-5
Emotional vitality 1-3 4-5
Social connectedness 1-3 4-5
Overall wellbeing 1-3 4-5
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4. RESULTS

4.1. Geomagnetic field fluctuationsin Lithuania

Two figures below are shown to reflect the GMF fluctuations starting
from June, 2014, when it started to record the data from the local GMF
detecting magnetometer installed in Lithuania, until March, 2020 (Figs. 4.1.1
and 4.1.2). Asthefigures below reveal, there was atrend of decreasing GMF
strength from 2014 till 2016, however, since 2017 there has been an obvious
increase each year. In addition, it can be observed that the GMF levels are
increasing in the first 6 months of the year and then decrease. This pattern
was consistent across all observed years.
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Fig. 4.1.1. Dynamics of geomagnetic field strength
from June 2014 to March 2020: monthly trends
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R2 — determination coefficient; ® — mean of geomagnetic field strength.

SR frequencies, captured during the period of Study 1, were associated
with the main characteristics of the global magnetic field and space weather.
Results of the correlational analysis are given in Table 4.1.1. As it may be
seen, significantly strong correlations (P<0.05) were observed between the
lowest frequency range (0-3.5 Hz) with Kp and Ap indices. Index f10.7 re-
veal ed negative significant correlation with three frequency ranges (3.5-7 Hz,
7-15 Hz and 15-32 Hz).

Table 4.1.1. Associations between Schumann Resonances and main charac-
teristics of the global geomagnetic field (Soearman’ s correlation coefficients)

Global
GMF Frequency | Frequency | Frequency | Frequency | Frequency | Frequency
. 035Hz | 35-7Hz | 7-15Hz | 15-32Hz | 3266 Hz | 066 Hz
indicators
[Slfgs]"" ind | 04031 | 03373 | —0.1818 | 02165 | 01055 | -0.1387
Kp Index 0.5958 -0.3600 -0.1520 -0.3256 -0.3901 -0.2754
Ap Index 0.7124 -0.1995 —0.0086 -0.1502 -0.3361 -0.1327
R Sunspot 0.3074 0.1675 0.0247 -0.0792 -0.2788 -0.1033
number
f10.7 Index 0.1209 -0.7246 -0.4970 -0.4332 -0.1427 -0.3743

Note: bold indicates P<0.05.
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In order to evaluate the dynamics of changesin GMF during the Sudy 2
period, the figure below is shown to reflect the averaged estimates of GMF
by weeks throughout 2016, when the Sudy 2 took place (Fig. 4.1.3). Asthe
figure shows, the strongest GMF throughout 2016 was recorded in the first
week of August, and the weakest — in the second week of November.
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Fig. 4.1.3. Dynamics of geomagnetic field strength by weeks, 2016

Further, the dynamics of GMF was al so assessed by separate week days.
The figure below (Fig. 4.1.4) reflects the means of each week day, assessed
throughout 2016. As seen in the figure, at the beginning of the week, GMF
reaches its peak strength, and then from Tuesday until Saturday it has a
tendency of decreasing, reaching its weakest point on Saturday. Sarting on
Sunday, it might increase again.
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Fig. 4.1.4. Dynamics of geomagnetic field strength in weekdays, 2016

Summarizing the subchapter, it can be noted that loca GMF through
2016 reached its peak in the late summer time (first week of August), and the
weakest point was observed in the late fall time (second week of November).
Summarizing the dynamics of local GMF fluctuations from June, 2014 till
March, 2020, it is evident that there was atrend of decreasing GMF strength
from 2014 till 2016, however, since 2017 there has been an obvious increase
each year. In addition, it can be observed that GMF levels are increasing in
the first 6 months of the year and then go decreasing.

4.2. Biopsychosocial wellbeing parameters
Study 1

Participants HRV was measured by ambulatory HRV recorders (Body-
guard2, Firstbeat Technologies Ltd., Jyvaskyld, Finland). Each participant
underwent daily 24-hour ambulatory HRV recordings. Data on the partici-
pants RR intervals, calculated by the HRV recorded electrocardiograms, is
depictedin Fig. 4.2.1. Each row in the figure represents one participant of the
study during the whole study period of 14 consecutive days. As seen in the
figure, participants' RR intervals varied from 584.77 to 1014.80 ms.
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Fig. 4.2.1. Data on participants RRintervals during the Study 1 period

The quality of participants’ interaction datais shown in Table 4.2.1. The
first column as well as the first row of the table show the participant number
for each of the 20 participants. The numbers in the intersection rows and
columns equal the sum of the row person ratings of the interaction with the
column person ratings over the 14 days. If, for example, the row person
specified three positive and two negative interactions with the column person
during the two-week study period, the overall interaction value will equal 1.
It can be seen that the matrix is nonsymmetric, which meansthat if the column
person positively or negatively affected the row person, this does not neces-
sarily imply that the opposite is true. The matrix is also sparse, since parti-
cipants did not complete this part of the survey if interactions did not occur.
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Table 4.2.1. Data on participants interpersonal interaction

112|3|4|5|6|7(8[9]10|11|1213|14(15|16|17|18|19|20
1 111 2 2 1 -1
2 1 2
3
4 -1 4
5
6
7 3
8
9 2 1 6
10 4 1)1 1 4111 1
11 1
12| 2 1 1 -1
13 1142 8 1 3
14 2
15 2
16 2
17
18
91|12 1|2 1 1121 1 1
20 1|1 3 1

In order to illustrate the interaction data, the questionnaire matrix was
visualized using the directed weighted graph visuali zation technique (Fig. 4.2.2).
A linewith an arrow pointing from person a to person b representsthat person
a felt positive about person b. The width of the line is proportional to the
number of times such an interaction did occur. The graph gives a clearer
picture of “mutual affection” between the participants. Five participants' pairs
(7 and 20; 2 and 16; 4 and 11; 2 and 10; 1 and 12) can be clearly identified.
However, it is important to note that the “mutual affection” for pairs 4 and
11; 2 and 10 was not “balanced”, since the thickness of lines (4 and 11; 11
and 4) aswell aslines between (2 and 10; 10 and 2) is substantially different.
Consequently, only the pairs 7 and 20; 2 and 16; and 1 and 12 show bilateral
“mutual positive interactions”.
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Fig. 4.2.2. Evaluated interaction levels between participants.
Nodes represent participants (numbered from 1 to 20).

A line with an arrow pointing from person a to b, represents that
person a feels positive about person b. The width of the line is proportional
to the overall (a and b) interaction value (sum of a’s ratings of
the interaction with the b’ s ratings throughout the 14 days)

Study 2

Participants biopsychosocial wellbeing and health was measured using
a 12-Item Short Form Survey (SF-12), which provides two scores, reflecting
a person’'s physical and mental subjectively evaluated health status. In
addition, participants had to answer four questions about their subjectively
perceived physical vitality, emotional vitality, social wellbeing and overall
wellbeing, providing their answerson Likert scale from 1 to 5. It isimportant
to note, that each participant had to assess higher health status 14 daysin a
row. The Table 4.2.2 shows the overall data of each participant’s 14 days
assessments.

As seen in the table below, the study participants scored just above
average when assessing their physical health with SF-12 instrument, and their
mental health was scored below average with the same instrument, meaning
that the SF-12 questionnaire revealed better physical health among the study
sample than mental health. Four other questions were scored above average
with socia connectedness showing the highest score, and physical vitality the
lowest score.
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Table 4.2.2. Biopsychosocial wellbeing and health parameters

Indicator Mean = SD | Median (IQR) | Skewness | Kurtosis
Physical Vitality 3.47+1.10 3[34] -0.31 -0.39
Emotional Vitality 3.62+1.08 4[3-5] -0.37 -0.40
Social Connectedness 3.88+ 1.06 4[3-5] -0.68 -0.21
Overall Wellbeing 3.70+1.13 4[3-5] -0.66 -0.16
Sfmlé. Ehys' cal Health 536+7.0 |554[501-580] | -1.02 1.66
SF-12 Mental Health Domain | 44.8 + 10.4 | 45.3[37.9-52.4] -0.36 -0.13

Additionally, we examined whether the analyzed wellbeing and health
parameters differ by gender (Table 4.2.3). As seen in the Table 4.2.3,
statistically significant differences were found when assessing SF-12 Mental
and Physical health, and also when measuring participants' physical, emo-
tional vitality and overall wellbeing. In all five cases, better health parameters
were observed among men (P<0.05). Indicator of socia connectedness had
also atrend of being better among men than women, though not significantly.

Table 4.2.3. Biopsychosocial wellbeing and health indicators by gender

I ndicator Men Women t P
Physical Vitality 364+106 | 340+1.12 5.88 <0.001
Emotional Vitality 3.73+1.06 | 3.57+1.08 391 <0.001
Social Connectedness 3.92+1.04 | 3.87+1.07 1.37 0.172
Overall Wellbeing 383+1.13 | 3.65+1.13 4.45 <0.001
SF-12 Physical Health Domain | 545+6.1 | 53.3+7.4 4,70 <0.001
SF-12 Mental Health Domain 46.1+10.1 | 44.2+10.6 5.20 <0.001

Note: bold indicates P<0.05.

Table 4.2.4 provides the data on comparing the analyzed wellbeing and
health parameters in different age groups. The conducted analysis revealed
that age is significantly related to five out of six analyzed health indicators.
The participants aged 30-39 years were prone to assess their physical,
emotional vitality, social connectedness, overall wellbeing and mental health
as being better than younger participants (P<0.05).
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Table 4.2.4. Biopsychosocial wellbeing and health indicators by age group

I ndicator 19-29 years | 30-39 years t P
Physical Vitality 340+1.11 | 3.65+1.06 -6.18 <0.001
Emotional Vitality 355+1.09 | 3.80+1.02 —6.47 <0.001
Socia Connectedness 384+1.08 | 4.00+0.99 —4.09 <0.001
Overall Wellbeing 360+1.15 | 3.97+1.03 -9.23 <0.001
SF-12 Physical Health Domain | 535+7.2 | 53.9+6.5 -1.62 0.104
SF-12 Mental Health Domain 440+ 10.7 | 46.8+9.4 —7.60 <0.001

Note: bold indicates P<0.05.

We aso examined gender differences in both age groups. Table 4.2.5
reveals that men aged 30-39 expressed better condition across al six
analyzed wellbeing and health indicators compared to younger men (19-29)
and compared to women of the same age group. Men aged 19-29 indicated
better SF mental health than women of the same age group. Women aged 30—
39 reported higher scores in emotional vitality, overall wellbeing and SF
mental health than younger women aged 19-29.

Table 4.2.5. Biopsychosocial wellbeing and health indicators by gender and
age

I ndicator Men Women
1929years | 30-39years | 19-29years | 30-39years
Physical Vitality 346+ 1068 | 3.96+£0.978 | 3.37+1.13 348+ 1.08*
Emational Vitality 361+1068 | 3.94+1.018* | 351+1.108 | 3.72+ 1.028*
Social Connectedness | 3.77+1.088 | 4.20+0.888* | 3.86+ 1.07 3.87 + 1.02*
Overal Wellbeing 367+1178 | 415+ 1.008* | 3.56+1.148 | 3.87 + 1.038*
SF-12 Physical Health | 53.9 + 6.68 55.6 + 4.98* 535+ 7.4 53.1+7.1*
Domain
SF-12 Mental Health | 45.1+10.48* | 48.4+8.88* | 43.7+10.98* | 45.8+9.88*
Domain

Note: § —different from same gender’ s another age group (P<0.05), * — different from same
age group’ s another gender (P<0.05).

Summarizing the subchapter, it can be highlighted that physical health
among the study sample was evauated better than mental health. Also, the
analysis revealed that gender and age have significance when evaluating
wellbeing and health — men and older participants were prone to assess tha
majority of analyzed indicators as being better than women and younger
participants.
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4.3. Associations between biopsychosocial wellbeing and
health parameters, and local geomagnetic field fluctuations

4.3.1. Study 1

4.3.1.1. Emotional state and synchronization between
HRV and GMF

When examining the effect of the coherence technique on synchroni-
zation with GMA, it was found that synchronization (positive correlation)
between participants HRV and GMA (Fig. 4.3.1.1.1) on the day when the
Heart Lock-1n Technique was applied was the highest, which means that all
participants were highly positively correlated/synchronized with the local
GMF during the day of the application of the Heart L ock-1n Technique, which
contrasted with the synchronization results with the days before and after the
coherencetraining. Interestingly, the same phenomenon was observed in each
of the other locations of the study worldwide. The obtained result implies that
such coherence techniques are significant not only psychologically, but also
physiologically, since high synchronization between HRV and GMA can help
maintain better health conditions.
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Fig. 4.3.1.1.1. Mean of Heart Rate Variability/Geomagnetic Activity
synchronization for each day of the Sudy 1 (n = 20)
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4.3.1.2. Identification of clustersbased on synchronization
between HRV and GMF

Algorithm D was applied to the experimental data (described in Data
analysis section) in order to identify clusters of participants based on the dow
dynamics of the synchronization between the participants HRV and the power
of local magnetic field.

According to Algorithm D time series [x'*? k = T,20 represent the
participants HRV data collected during the Sudy 1. The master time series
M corresponds to the time series of the power of the local magnetic field
measured during the time of the study.

Since Algorithm D employs Algorithms B and C, the corresponding
parameters for both of those algorithms had to be selected:

1.

One of the steps of Algorithm C is splitting the participants HRV
and local magnetic field power time series into segments. The
standard length of analysisfor HRV is 5-minutes. Thus, RR interval
and magnetometer data was split into 5-minute segments for analy-
sis. Notethat since HRV data consists of timeintervals between each
pair of heartbeats, the number of samples in the data vectors cor-
responding to each 5-minute segment vary due to changes in the
participants heart rate and other factors which influence HRV, such
as stress and emotional states. Since the power of the local magnetic
field was computed for 1 second timeintervals, the resulting 5-minu-
te segments consisted of the same number of elements (300 data
points). However, the difference in the size of the segments of HRV
and the power of the local magnetic field time series did not impact
the overall result of the study, since al of the segments represented
the same concurrent 5-minute time intervals.

We selected the number of dlicesin Algorithm B to be 60 because
it was empirically observed that a higher number would result in
some empty slices.

The maximal value of zin Algorithm B is set to 50. Higher values
of r would generate too short trgjectory matrices, because the 5-
minute segments consist of approximately 300 el ements.

The value of the parameter hin Algorithm C, used for identification
of slow dynamics of the synchronization between the two time
series, was set to 48. This corresponds to 4-hour averaging of the
difference of the optimal time lags. It was observed that this value of
h produced the most meaningful averaging.
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5. As noted in section 3.2. the magnetometer data contained one-
minute-long periods of missing data at the end of each hour. Since
these periods in the time series did not contain any information, it
was necessary to remove those periods in such away that would not
disrupt the timing between the HRV and magnetic field time series.
The solution we implemented was to remove the missing data
segments from both the 5-minute magnetometer data and from the
5-minute RR interval series. Since the cropped series obtained after
this procedure fully defined the 5-minute series, they were used in
the data reduction step.

We applied the clusterization technique on two-day and two-week data
sets collected during the study (see Section 3.3) in order to determine how the
time span of the data set impacts the quality of the clusterization.

First we anayzed two days of data (2015/02/27 18:05:00 through
2015/03/01 18:05:00). Therefore, each individual’s HRV and the magneto-
meter data consisted of 576 5-minute segments, i.e. T = 576.

According to the first step of Algorithm D the vector of mean absolute
differences [1¢<* %) was computed as described in Algorithm C, for each

3’(’*’)_, % = 1,2C. The execution of this step is demonstrated in Fig. 4.3.1.2.1.
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Fig. 4.3.1.2.1. The scheme of the application of Algorithm C
on the study data. The horizontal axis of the depicted data
corresponds to the indices of time series
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The application of steps 2 and 3 of Algorithm D to the two-day
(2015/02/27 18:05:00 through 2015/03/01 18:05:00) data resulted in the
dendrogram plot depicted in Fig. 4.3.1.2.2.
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Fig. 4.3.1.2.2. Dendogram plot for the two-day (2015/02/27 18:05:00
through 2015/03/01 18:05:00) data. Numbers on the X axis
represent participants (numbered from 1 to 20)

The dendrogram depicted in the Fig. 4.3.1.2.2 is a visual representation
of the geometrical synchronization between HRV and magnetic field for all
20 participants. Numbers on the X axis represent participants. The height of
the branches of the dendrogram is proportional to the Euclidean distance
between HRV/Magnetic field synchronization vectors for corresponding
participants.

It can be seen in the Fig. 4.3.1.2.2 that participants no. 7 and 20 are the
closest (or most similar) in the sense of synchronization between their HRV
and local magnetic field power time series. The Euclidean distance between
the HRV/Magnetic field synchronization for the pair of participants no. 7 and
20 is equal to 5.15. On the opposite, the 15" participant’s synchronization
with the magnetic field is least similar to any of the remaining participants.
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The variation of the ow dynamics of the synchronization (Algorithm C)
for apair of participantsno. 7 and 20 aswell asno. 7 and 15 isasoillustrated
in Figs. 4.3.1.2.3 and 4.3.1.2.4, respectively. It can be seen that there is a
strong visible similarity between the synchronization dynamics for
participants 7 and 20, meaning that they are similarly synchronized with the
local magnetic field, and, form a cluster in the dendrogram (Fig. 4.3.1.2.2).
On the other hand, there is no visible similarity in the synchronization dyna-
mics of individuals no. 7 and 20, indicating that the relationship between
HRV and magnetic field activity for those participants is unlikely (Fig.
4.3.1.2.4). The Euclidean distance between the HRV/Magnetic field synchro-
nization for the pair of participants no. 7 and 20 is equal to 30.09.
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Fig. 4.3.1.2.3. The variation of the slow dynamics of
the geometrical synchronization constructed from optimal time lags

for person no. 7 (red line) and person no. 20 (blue line) for
the time period between 2015/02/27 18:05:00 — 2015/03/01 18:05:00
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Fig. 4.3.1.2.4. The variation of the slow dynamics of
the geometrical synchronization constructed from optimal time lags
for person no. 7 (red line) and person no. 15 (blueline) for
the time period between 2015/02/27 18:05:00 — 2015/03/01 18:05:00

Next, the dendrogram plot (Fig. 4.3.1.2.5) for the entire two-weeks (T =
4032) of the study was obtained in an identical manner. The comparison of
the two-day (Fig. 4.3.1.2.2) and two-week (Fig. 4.3.1.2.5) clusterization
results shows that the use of the datawith the longer time span provides better
quality of clusterization, since the distances between the identified clusters
for two-week data (Fig. 4.3.1.2.5) are greater.
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Fig. 4.3.1.2.5. Dendrogram plot for the two-week data. Numbers
on the X axis represent participants (numbered from 1 to 20)

4.3.2. Study 2

In order to evaluate the associations between GMF and health parame-
ters, the discussed health indicators were analyzed at actual time and also with
lagging effects of 12, 24, 36 and 48 hours. The analysis was conducted in the
total sample and among subgroups by season, gender, age, and physical acti-
vity.

Due to the large amount of statistical data, results in the tables of this
subchapter are presented excluding P values. Exact P values of analyzed
correlations can be found in Annex 4.

4.3.2.1. Associations between geomagnetic field strength
and biopsychosocial wellbeing and health indicators:
comparison by actual and lagging time

Table 4.3.2.1.1 presents data about associations between different GMF
frequency ranges and analyzed wellbeing and health indicators at actual time
and with lagging intervals of 12, 24, 36 and 48 hours. The data reveas very
weak statistically significant correlations between all frequency ranges and
different wellbeing and health indicators, however, in the majority of the
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cases the correlations were very poor (<0.10). Slightly stronger (>0.10)
correlations appeared when assessing mental health with SF instrument, with
12- and 36-hour laggings and only in the three lowest frequency ranges (0—
3.5 Hz, 3.5-7 Hz and 7-15 Hz).

Tables4.3.2.1.1,4.3.2.3.1,4.3.2.3.2,4.3.2.3.3, 4.3.2.3.4 represent Spear-
man’s correlation coefficients.

Table 4.3.2.1.1. Wellbeing and health indicators and geomagnetic field at
actual time and with lagging intervals

0-35 3.5-7 7-15 15-32 | 3266 0-66

Lag | Health indicator Hz Hz Hz Hz Hz Hz

Physical vitality 0.040" | 0.039° | 0.020 | 0.015 | -0.005 | 0.014

Emotional vitality 0.029 0.027 0.015 | 0.008 0.000 | 0.010

Social connectedness | —0.016 | -0.023 | -0.036" | -0.022 | 0.012 | -0.002

on Overall wellbeing 0.052° | 0.047° | 0.034" | 0.030 0.007 0.027
SF physical 0.029 | 0.036" | 0.042° | 0.050° | 0.017 | 0.040°
SF mental 0.048" | 0.027 0.001 0.004 | 0.029 | 0.027
Physical vitality 0.034" | 0.035" | 0.035" | -0.003 | —0.033 | —0.018

Emotional vitality 0.042° | 0.052° | 0.064° | 0.034" | —-0.008 | 0.012

Social connectedness| 0.038" | 0.041" | 0.058" | 0.031 0.005 0.022

12h Overall wellbeing 0.038" | 0.037° | 0.030 | 0.001 | —0.015 | —0.003
SF physical 0.008 0.012 0.000 | -0.022 | —0.011 | -0.012
SF mental 0.102° | 0.110° | 0.119° | 0.065" | —0.026 | 0.026
Physical vitality 0.015 | 0.011 0.005 | 0.004 | -0.002 | 0.000
Emotional vitality 0 -0.007 | —-0.002 | -0.004 | -0.007 | —0.008
oah Social connectedness | —0.033 | -0.038" | -0.048" | -0.034" | 0.009 | -0.018
Overall wellbeing 0.018 0.021 0.02 0.015 | -0.019 | -0.004
SF physical 0.026 | 0.039° | 0.036" | 0.044" | 0.013 | 0.032
SF mental 0.002 | -0.012 | -0.025 | -0.029 | -0.018 | —0.027
Physical vitality 0.035" | 0.042° | 0.046" | 0.009 | -0.031 | —0.014
Emotional vitality 0.040° | 0.053° | 0.063° | 0.037° | —0.006 | 0.009
36h Social connectedness| 0.016 0.033 | 0.054° 0.03 0.007 0.014
Overall wellbeing 0.032 | 0038 | 0.038" | 0.011 | -0.014 | —0.006
SF physical -0.028 | -0.019 | -0.02 | -0.022 | -0.004 | -0.015
SF mental 0.093° | 0107 | 0.109° | 0.050° | -0.015 | 0.026
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Table4.3.2.1.1. Continued

035 357 7-15 15-32 | 3266 0-66
Hz Hz Hz Hz Hz Hz

Physical vitality 0.019 0.02 0.006 0.006 | -0.016 | -0.007
Emotional vitality -0.005 | -0.013 | —0.023 | —-0.027 | -0.036" | —0.042"
Social connectedness | —0.041" | —0.043" | -0.058" | -0.051" | —0.036" | —0.055

Lag | Healthindicator

48 h
Overall wellbeing 0.018 0.017 0.003 | -0.011 | -0.051" | —0.039
SF physical 0.03 0.045° | 0.035° | 0.031 | -0.015 | 0.012
SF mental -0.013 | -0.033 | -0.049" | -0.043" | -0.009 | —0.034"

Note: bold indicates ¢>0.10; "indicates P<0.05.

Based on theresullts, given that the possible effects of GMF on wellbeing
and health indicators show some lagging patterns, further analysis results
throughout 4.3.1 subchapter are presented using actual time and aforemen-
tioned lagging intervals (12 hours, 24 hours, 36 hours and 48 hours).

4.3.2.2. Associations between geomagnetic field strength
and biopsychosocial wellbeing and health indicators:
comparison by season, gender, age, and physical activity

We also examined the relationships by dividing the study period into two
seasons — from the beginning of March until 30 June (Spring season), and
from 1 July until the end of October (Fall season). This was based on our
previous finding (Table 4.1.1) that the GMF has increasing trend in the first
half of the year and decreasing — in the second. Also, the analysis included
differentiating the study sample by gender, age and physical activity. Dueto
the large amount of results, all tables related to this subchapter are shown in
Annex 5.

When analyzing the relationships during the spring season, each well-
being and health indicator was found to have weak significant (P<0.05) rela-
tionships with different GMF frequency ranges. Among all of the found
significant correlations, slightly stronger correlations (>0.10) were observed
in the three lowest frequency ranges (0-3.5 Hz, 3.5-7 Hz and 7-15 Hz), and
namely ng SF mental health indicator with 12-hour (0.132 at 0-3.5 Hz
range, 0.139 at 3.5-7 Hz and 0.143 at 7-15 Hz) and 36-hour (0.111, 0.124
and 0.130 at the same first three frequency ranges, respectively) laggings
(Table A5.12).

The analysis of the relationships during the fall season (Table A5.2)
revealed that during the fall season, most of the observed significant correla-
tions occurred in the highest frequency range (32—66 Hz). However, only four
out of all observed correlations appeared to be stronger than 0.1. Those four
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concerned the overall wellbeing and SF physical health indicator with
24-hour and 48-hour laggings.

Further analysis examined whether there are significant differences based
on gender. It turned out that among men, associations were found when
including lagging intervals, however, at least a little stronger ones (>0.10)
appeared namely with 12 and 36 hour laggings when assessing SF mental
health indicator, emotional and physical vitality. All the found associations,
both weaker and stronger, were observed in first four frequency ranges (0—
3.5 Hz, 3.5-7 Hz, 7-15 Hz and 15-32 Hz) (Table A5.3).

Analyzing the relationships among women, al the frequency ranges
revealed very weak correlations with different health indicators, however,
none of them reached the value of 0.10 (Table A5.4).

Further, we examined the associations based on the participants’ age. As
can be found in Table A5.5 which presents the associations between health
parameters and GMF among 19-29 years old group (younger group in the
conducted study), many significant, but weak, associations were found,
however, only three of them when assessing SF mental health indicator with
12-hour (0.103 at 0.3.5 Hz range and 0.104 at 3.5-7 Hz range) and 36-hour
(0.102 at 3.5-7 Hz range) lagsin low frequencies were stronger than 0.1.

When analyzing the associations between health parameters and GMF
among the 30-39 year old group (older group in the conducted study), we
found many statistically significant, however, weak associations. The stron-
gest (>0.10) being when assessing with 24-hour and 48-hour lags. Most of the
associations occurred in the first four frequency ranges. It is also worth
mentioning that absolutely all the found significant correlations which were
above the value of 0.10 were negative (Table A5.6).

Further analysis examined the associations between anayzed health
parameters and GMF among physically active participants. It was found that
among the revealed significant associations, the strongest (>0.10) appeared
in lower frequencies (0-3.5 Hz, 0-3.5 Hz and 7-15 Hz), and aimost all of
them, except one (Emotional vitality, assessed at actual time), turned out with
12-hour or 36-hour laggings. Most of the associations were found when
assessing SF mental health indicator (Table A5.7).

Examining the associations between analyzed health parameters and
GMF among physically passive participants, we found that only one of the
found significant correlations reached the value of 0.10. This association
appeared when assessing SF mental health indicator with 36-hour lag in alow
GMF frequency range (0.102 at 3.5-7 Hz range) (Table A5.8).
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4.3.2.3. Geomagnetic field strength and biopsychosocial wellbeing
and health indicators. associationsin different seasons by gender

Since we found that the possible GMF effects on health are specific by
gender and season, we also conducted the subgroup analyses for men in
spring and fall, and for women in spring and fall. The results are presented
below.

Table 4.3.2.3.1 shows the relationships between the analyzed headth
indicators and GMF at the actual time among men during the spring season.
It was found that physical vitality had weak significant relationship with 0—
3.5 Hz frequency range, social connectedness —with 7-15 Hz and 15-32 Hz
ranges, and SF physical health indicator — with 7-15 Hz range. None of the
mentioned correlations reached the value of 0.10.

Table 4.3.2.3.1. Wellbeing and health indicators and geomagnetic field during
Spring season among men

035 3.5-7 7-15 15-32 | 3266 0-66
Hz Hz Hz Hz Hz Hz

rho | 0.070" | 0.023 | -0.036 | -0.017 | 0.031 | 0.023
P 0033 | 0493 | 0271 | 0602 | 0.352 | 0.483
rho | 0.008 | -0.008 | -0.039 | -0.044 | 0.035 | 0.011
P 0.800 | 0.805 | 0236 | 0.180 | 0.288 | 0.733
rho | -0.034 | -0.055 | -0.099" | -0.068" | 0.026 | —0.013
P 0.301 | 0.093 | 0.003 | 0.039 | 0435 | 0.687
rho | 0.013 | -0.005 | -0.050 | -0.048 | 0.008 | —0.008
P 0697 | 0877 | 0126 | 0.147 | 0.818 | 0.803
rho | 0.047 | 0.000 |-0.082" | -0.029 | 0.021 | 0.007
P 0156 | 0991 | 0.013 | 0385 | 0525 | 0.824
rho | 0.045 | 0.007 | -0.045 | -0.033 | 0.037 | 0.014
P 0.178 | 0.837 | 0.176 | 0314 | 0.259 | 0.680

Health indicator

Physical vitality

Emotional vitality

Socia connectedness

Overal wellbeing

SF physical

SF mentd

Note: "indicates P<0.05.

Table 4.3.2.3.2 presents the relationships between the analyzed health
indicators and GMF among women during the spring season. As seen in the
table, physical vitality revealed to have weak significant relationship with
four out of six frequency ranges, emotional vitality with five out of six ranges;
social connectedness with two frequency ranges; overall wellbeing and SF
mental health indicator with all six frequency ranges; and SF physical health
indicator with first three frequency ranges. Among all of the analyzed health
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indicators, overal wellbeing and SF mental health stood out as revealing
strongest (>0.10) correlationsin all frequency ranges.

Table 4.3.2.3.2. Wellbeing and health indicators and geomagnetic field
during spring season among women

035 3.5-7 7-15 15-32 32-66 0-66
Hz Hz Hz Hz Hz Hz

rho | 0.050° | 0.081° | 0.059" | 0.065 0.048 | 0.067
P 0.047 0.001 0.020 0.010 0.055 0.008
rho | 0.085 | 0.104" | 0.081" | 0.086" 0.045 | 0.078
P 0.001 0.000 0.001 0.001 0.077 0.002
rho | 0.014 0.037 0.020 0.049 | 0.064° | 0.065
P 0.581 0.145 0.418 0.051 0.012 0.010
rho | 0.110° | 0.126" | 0.102° | 0.110° | 0.072° | 0.102
P 0.000 0.000 0.000 0.000 0.004 0.000
rho | -0.096" | -0.079" | -0.064" | -0.049 | 0.014 | -0.027
P 0.000 0.002 0.011 0.052 0.588 0.293
rho | 0.112° | 0.110° | 0.079° | 0.103" | 0.106" | 0.124
P 0.000 0.000 0.002 0.000 0.000 0.000

Note: bold indicates 0>0.10; * indicates P<0.05.

Health indicator

Physical vitality

Emotional vitality

Social connectedness

Overall wellbeing

SF physical

SF mentd

Table 4.3.2.3.3 shows the relationships between the analyzed headth
indicators and GMF among men during the fall season. As seen in the table,
two out of six, overall wellbeing and SF physical, health indicators revealed
weak significant negative relationships with high frequency ranges (32—66 Hz
and 0-66 Hz).

Table 4.3.2.3.3. Wellbeing and health indicators and geomagnetic field during
fall season in men group

035 357 7-15 15-32 | 32-66 0-66
Hz Hz Hz Hz Hz Hz

rho | —-0.107 | -0.076 | -0.013 | -0.084 | -0.144 | -0.150
P 0.221 0.388 0.880 0.338 0.100 0.086
rho | -0.082 | 0.001 0.048 | -0.044 | -0.091 | —0.088
P 0.348 0.988 0.582 0.619 0.301 0.315
rho | -0.121 | -0.117 | -0.135 | -0.107 | -0.158 | -0.151
P 0.166 0.182 0.122 0.220 0.071 0.083
rho | -0.091 | -0.115 | -0.119 | -0.149 | -0.217" | -0.200"
P 0.301 0.191 0.176 0.089 0.013 0.022

Health indicator

Physical vitality

Emotional vitality

Socia connectedness

Overall wellbeing
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Table 4.3.2.3.3. Continued

035 | 357 7-15 1532 | 3266 | 066

Health indicator Hz Hz Hz Hz Hz Hz

. rho | -0.019 | —-0.086 | —-0.025 | —-0.090 | -0.190" | -0.181
SF physical
P 0825 | 0329 | 0.775 | 0.307 | 0.029 | 0.038
rho | 0016 | 0.105 | 0.031 | -0.038 | —0.097 | -0.078
SF mental
P 0.858 | 0.232 | 0.727 | 0.665 | 0.270 | 0.373

Note: bold indicates 0>0.10; * indicates P<0.05.

Table 4.3.2.3.4 shows the relationships between analyzed health indi-
cators and GMF among women during the fall season. As seen in the table,
three out of six analyzed health indicators, namely, physical vitality, emotio-
nal vitality and SF physical health, had weak significant relationships with
different frequency ranges, however, only assessed physical vitality showed
the strongest of all found associations with GMF.

Table 4.3.2.3.4. Wellbeing and health indicators and geomagnetic field during
fall season in women group

- 0-35 357 7-15 15-32 3266 0-66
Health indicator Hz Hz Hz Hz Hz Hz

rho | -0.013 | -0.045 | -0.014 | -0.080" | -0.108" | -0.101™"
P 0.721 0.206 0.689 0.023 0.002 0.004
rho | -0.045 | -0.073" | -0.046 | —-0.073" | -0.085" | —0.094"
P 0.202 0.039 0.187 0.038 0.016 0.008
rho | 0.027 | -0.023 | 0.007 | —0.005 | -0.048 | —0.041
P 0.437 0.515 0.833 0.886 0.172 0.250
rho | -0.003 | -0.033 | 0.022 | -0.012 | -0.055 | —0.055
P 0.922 0.348 0.531 0.724 0.118 0.122

rho | 0.041 | 0.019 | 0.09 | 0065 | -0.014 | 0.015
P 0.244 0.587 0.006 0.065 0.687 0.675
rho 0.004 | -0.021 | 0.031 | -0.041 | -0.068 | —0.055
P 0.909 0.546 0.383 0.250 0.055 0.117
Note: bold indicates ¢>0.10; * indicates P<0.05.

Physical vitality

Emotional vitality

Social connectedness

Overal wellbeing

SF physical

SF mentd
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4.3.2.4. M ultivariate analysis of associations between geomagnetical
field strength and wellbeing and health indicators

Based on the correlation analysis results, which highlighted that most
significant associations that reached the strength of 0.10 were found with 12-
and 36-hour laggings, we aso conducted a logistic regression analysis, exa-
mining the relationship between the analyzed health indicators and GMF with
12- and 36-hour lagging intervals, in order to eliminate the potential effect of
gender, age, season and physical activity on the examined rel ationship.

Asthefindingsrevea, theincreasein GMF with 12-hour lagging interval
by 100 pT was associated with better mental health independent of other
analyzed factors in the first four frequency ranges (Table 4.3.2.4.1). The
highest odds were observed in 3.5—7 Hz frequency interval (OR = 2.02, 95%
Cl 1.16-3.52). Higher odds were found for men, older and physically active
participants compared to women, younger and not physically active indivi-
duals. Also, odds of better mental health were higher in fall than in spring.
When analyzing the effects with 36-hour lagging, GMF lost its significance
for perception of mental health.

Table 4.3.2.4.1. Associations between S mental health indicator, GMF and
other analyzed factorsin different SR intervals with 12-hour lagging effect

OR 95% ClI P
from to
Gender Men (Women = 1.00) 134 | 114 | 158 | <0.001
Age group Older (Younger=1.00) | 1.60 | 1.36 | 1.88 | <0.001
0;32'5 Season Fall (Spring = 1.00) 145 | 124 | 1.71 | <0.001
Physical activity |Active (Passive = 1.00) 145 | 125 | 1.68 | <0.001
GMF strength 100 pT difference 160 | 113 | 2.28 0.009
Gender Men (Women = 1.00) 134 | 114 | 158 | <0.001
Age group Older (Younger =1.00) | 1.60 | 1.36 | 1.88 | <0.001
Sﬁ; 7 [ 'season Fall (Spring = 1.00) 147 | 125 | 1.73 | <0.001
Physical activity |Active (Passive=1.00) | 145 | 1.25 | 1.69 | <0.001
GMF strength 100 pT difference 202 | 116 | 352 0.013
Gender Men (Women = 1.00) 135 | 115 | 159 | <0.001
Age group Older (Younger =1.00) | 158 | 1.34 | 1.86 | <0.001
7;125 Season Fall (Spring = 1.00) 145 | 1.23 | 1.71 | <0.001
Physical activity |Active (Passive = 1.00) 145 | 125 | 1.69 | <0.001
GMF strength 100 pT difference 175 | 121 | 254 | 0.003
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Table4.3.2.4.1. Continued

95% ClI
OR P
from to
Gender Men (Women = 1.00) 135 | 115 | 159 | <0.001
Age group Older (Younger=1.00) | 1.66 | 141 | 1.94 | <0.001
1?_|_232 Season Fall (Spring = 1.00) 146 | 124 | 1.72 | <0.001
Physical activity |Active (Passive=1.00) | 147 | 126 | 171 | <0.001
GMF strength 100 pT difference 131 | 102 | 1.67 0.034
Gender Men (Women = 1.00) 135 | 115 | 159 | <0.001
Age group Older (Younger =1.00) | 1.69 | 144 | 1.99 | <0.001
3?;56 Season Fall (Spring = 1.00) 148 | 126 | 1.75 | <0001
Physical activity |Active (Passive = 1.00) 147 | 127 | 171 | <0.001
GMF strength 100 pT difference 102 | 09 | 1.09 0.547
Gender Men (Women = 1.00) 135 | 115 | 159 | <0.001
Agegroup Older (Younger =1.00) | 1.70 | 145 | 199 | <0.001
0;626 Season Fall (Spring = 1.00) 145 | 123 | 171 | <0.001
Physical activity |Active (Passive = 1.00) 147 | 126 | 171 | <0.001
GMF strength 100 pT difference 1.05 1.00 1.10 0.057

Note: bold indicates P<0.05 for GMF strength analysis.

Table 4.3.2.4.2. Associations between S- mental health indicator, GMF and
other analyzed factorsin different SR intervals with 36-hour lagging effect

OR 95% ClI P
from to
Gender Men (Women = 1.00) 134 | 114 | 158 | <0.001
Age group Older (Younger =1.00) | 1.62 | 1.38 | 1.90 | <0.001
0;32'5 Season Fall (Spring = 1.00) 147 | 125 | 1.72 | <0.001
Physical activity |Active (Passive = 1.00) 146 | 125 | 1.69 | <0.001
GMF strength 100 pT difference 136 | 096 | 192 | 0.086
Gender Men (Women = 1.00) 135 | 114 | 158 | <0.001
Age group Older (Younger=1.00) | 164 | 140 | 1.93 | <0.001
357 [ Season Fall (Spring = 1.00) 148 | 126 | 1.74 | <0001
Physical activity |Active (Passive = 1.00) 146 | 126 | 1.70 | <0.001
GMF strength 100 pT difference 132 | 075 | 231 0.335
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Table 4.3.2.4.2. Continued

95% CI
OR P
from to
Gender Men (Women = 1.00) 135 | 115 | 159 | <0.001
Age group Older (Younger =1.00) | 1.62 | 1.38 | 1.90 | <0.001
7;125 Season Fall (Spring = 1.00) 146 | 124 | 1.71 | <0.001
Physical activity |Active (Passive = 1.00) 146 | 1.26 | 1.70 | <0.001
GMF strength 100 pT difference 142 | 097 | 2.08 0.069
Gender Men (Women = 1.00) 135 | 115 | 159 | <0.001
Age group Older (Younger =1.00) | 1.66 | 142 | 195 | <0.001
e 232 Season Fall (Spring = 1.00) 146 | 124 | 172 | <0001
Physical activity |Active (Passive =1.00) 147 | 126 | 1.71 | <0.001
GMF strength 100 pT difference 122 | 094 | 158 0.142
Gender Men (Women = 1.00) 135 | 115 | 1.59 | <0.001
Age group Older (Younger =1.00) | 1.70 | 144 | 200 | <0.001
3?_'_56 Season Fall (Spring = 1.00) 148 | 125 | 1.74 | <0.001
Physical activity |Active (Passive = 1.00) 147 | 127 | 1.71 | <0.001
GMF strength 100 pT difference 103 | 096 | 1.09 0.424
Gender Men (Women = 1.00) 135 | 1.15 | 159 | <0.001
Age group Older (Younger =1.00) | 1.69 | 144 | 198 | <0.001
300 [ season Fall (Spring = 1.00) 145 | 1.23 | 171 | <0001
Physical activity |Active (Passive = 1.00) 147 | 127 | 1.71 | <0.001
GMF strength 100 pT difference 104 | 099 | 1.09 0.142

As seen in Tables 4.3.2.4.3 and 4.3.2.4.4, GMF fluctuations had no
significant affect on perception of physical health. Multivariate analysis
revealed that higher odds of better physical state (SF physical health indica-
tor) were observed among the elder group, among physically active partici-
pants, in thefirst half of the year.
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Table4.3.2.4.3. Associations between SF physical health indicator, GMF and
other analyzed factorsin different SR intervals with 12-hour lagging effect

95% CI

OR P
from to

Gender Men (Women = 1.00) 102 | 087 | 1.20 0.793

Age group Older (Younger =1.00) | 1.17 | 1.00 | 1.37 0.056

0;32'5 Season Fall (Spring = 1.00) 081 | 069 | 095 | 0.010
Physical activity |Active (Passive = 1.00) 125 | 1.08 | 145 0.003

GMF strength 100 pT difference 112 0.79 1.58 0.532

Gender Men (Women = 1.00) 1.02 0.87 1.20 0.795

Age group Older (Younger =1.00) | 1.17 | 099 | 1.37 | 0.058

35’; 7 [ Season Fall (Spring = 1.00) 081 | 069 | 095 | 0.011
Physical activity |Active (Passive=1.00) | 1.25 | 1.08 | 145 | 0.003

GMF strength 100 pT difference 122 | 071 | 210 0.468

Gender Men (Women = 1.00) 1.02 0.87 1.20 0.778

Age group Older (Younger=1.00) | 1.16 | 099 | 1.36 0.076

7;125 Season Fall (Spring = 1.00) 08l | 069 | 095 | 0.009
Physical activity |Active (Passive=1.00) | 1.25 | 1.08 | 1.45 | 0.003

GMF strength 100 pT difference 124 | 086 | 1.77 0.246

Gender Men (Women = 1.00) 102 | 087 | 120 | 0.769

Age group Older (Younger =1.00) | 1.18 | 1.01 | 1.38 0.039

1~T’_|‘32 Season Fall (Spring = 1.00) 081 | 069 | 095 | 0011
z Physical activity |Active (Passive = 1.00) 125 | 108 | 145 | 0.003
GMF strength 100 pT difference 1.06 0.84 134 0.613
Gender Men (Women = 1.00) 1.03 0.87 121 0.753

Age group Older (Younger=1.00) | 1.20 | 1.02 | 141 0.025

3f_|‘f6 Season Fall (Spring = 1.00) 081 | 069 | 095 | 0.009
Physical activity |Active (Passive=1.00) | 1.26 | 1.08 | 1.46 | 0.003

GMF strength 100 pT difference 103 | 097 | 110 | 0.388
Gender Men (Women = 1.00) 1.03 0.87 1.20 0.755

Age group Older (Younger=1.00) | 1.19 | 1.02 | 1.39 0.029

0°0% | season Fall (Spring = 1.00) 080 | 068 | 0.94 | 0008
Physical activity |Active (Passive=1.00) | 1.25 | 1.08 | 1.45 | 0.003

GMF strength 100 pT difference 103 | 098 | 1.08 0.280
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Table4.3.2.4.4. Associations between SF physical health indicator, GMF and
other analyzed factorsin different SR intervals with 36-hour lagging effect

95% CI
OR p
from to
Gender Men (Women = 1.00) 103 | 087 | 1.20 | 0.762
Age group Older (Younger =1.00) | 1.20 | 1.03 | 1.41 | 0.022
0;32'5 Season Fall (Spring = 1.00) 083 | 0.71 | 0.97 | 0.020
Physical activity |Active (Passive = 1.00) 126 | 1.09 | 1.46 | 0.002
GMF strength 100 pT difference 081 | 057 | 114 | 0.222
Gender Men (Women = 1.00) 102 | 087 | 120 | 0.765
Age group Older (Younger =1.00) | 1.20 | 1.02 | 140 | 0.026
33;7 Season Fall (Spring = 1.00) 082 | 0.70 | 0.97 | 0.017
Physical activity |Active (Passive=1.00) | 1.26 | 1.09 | 1.46 | 0.002
GMF strength 100 pT difference 078 | 045 | 136 | 0.379
Gender Men (Women = 1.00) 102 | 087 | 1.20 | 0.779
Age group Older (Younger =1.00) | 1.18 | 1.00 | 1.38 | 0.044
7;125 Season Fall (Spring = 1.00) 082 | 069 | 096 | 0013
Physical activity |Active (Passive=1.00) | 1.25 | 1.08 | 1.45 | 0.003
GMF strength 100 pT difference 102 | 070 | 1.49 | 0.903
Gender Men (Women = 1.00) 102 | 087 | 1.20 | 0.776
Age group Older (Younger =1.00) | 1.18 | 1.01 | 1.38 | 0.037
1?_'_32 Season Fall (Spring = 1.00) 081 | 069 | 0.96 | 0.013
Physical activity |Active (Passive = 1.00) 125 | 108 | 145 | 0.003
GMF strength 100 pT difference 102 | 079 | 1.32 | 0.873
Gender Men (Women = 1.00) 102 | 087 | 120 | 0.764
Age group Older (Younger=1.00) | 1.20 | 1.02 | 141 | 0.027
3?_'_56 Season Fall (Spring = 1.00) 081 | 069 | 0.95 | 0.009
Physical activity |Active (Passive = 1.00) 126 | 1.08 | 1.46 | 0.002
GMF strength 100 pT difference 103 | 096 | 1.09 | 0443
Gender Men (Women = 1.00) 102 | 087 | 1.20 | 0.773
Age group Older (Younger=1.00) | 1.18 | 1.01 | 138 | 0.034
0;'26 Season Fall (Spring = 1.00) 081 | 069 | 0.95 | 0.012
Physical activity |Active (Passive=1.00) | 1.25 | 1.08 | 1.46 | 0.003
GMF strength 100 pT difference 101 | 096 | 1.06 | 0.698
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Datain Table 4.3.2.4.5 revedl that an increase by 100 pT with 12-hour
lagging in the lowest GMF frequency range (0-3.5Hz) was strongly
associated with better physical vitality (OR = 1.44, 95% CI 1.02-2.04).
Higher odds of better physical vitality were observed among men and among
older participants — both with 12- and 36-hour laggings (Tables 4.3.2.4.5 and
4.3.2.4.6).

Table 4.3.2.4.5. Associations between physical vitality indicator, GMF and
other analyzed factorsin different SR intervals with 12-hour lagging effect

OR 95% CI 0
from to
Gender Men (Women = 1.00) 117 | 1.00 | 138 0.050
Age group Older (Younger =1.00) | 149 | 127 | 174 0.000
0;32'5 Season Fall (Spring = 1.00) 111 | 094 | 1.30 | 0215
Physical activity |Active (Passive = 1.00) 114 | 098 | 1.32 0.092
GMF strength 100 pT difference 144 | 102 | 204 | 0.039
Gender Men (Women = 1.00) 118 | 1.00 | 1.38 | 0.047
Age group Older (Younger =1.00) | 150 | 1.28 | 1.76 | 0.000
3;?; ! Season Fall (Spring = 1.00) 112 | 095 | 131 | 0.165
Physical activity |Active (Passve=1.00) | 1.14 | 0.98 | 132 | 0.082
GMF strength 100 pT difference 146 | 085 | 250 0.173
Gender Men (Women = 1.00) 118 | 1.01 | 1.39 | 0.042
Age group Older (Younger=1.00) | 1.50 | 1.28 | 1.76 0.000
7;125 Season Fall (Spring = 1.00) 112 | 095 | 131 | 0181
Physical activity |Active (Passve=1.00) | 1.14 | 0.99 | 133 | 0.078
GMF strength 100 pT difference 126 | 088 | 1.80 0.201
Gender Men (Women = 1.00) 118 | 1.01 | 139 | 0.041
Age group Older (Younger =1.00) | 154 | 132 | 179 0.000
1‘7’4‘ 232 Season Fall (Spring = 1.00) 113 | 096 | 132 | 0148
Physical activity |Active (Passive = 1.00) 115 | 099 | 133 | 0.067
GMF strength 100 pT difference 1.04 | 082 | 131 | 0.760
Gender Men (Women = 1.00) 118 | 1.00 | 1.39 0.044
Agegroup Older (Younger =1.00) | 152 | 130 | 1.79 | 0.044
3?_?56 Season Fall (Spring = 1.00) 114 | 097 | 133 | 0.123
Physical activity |Active (Passive = 1.00) 115 | 099 | 133 0.069
GMF strength 100 pT difference 099 | 093 | 105 | 0.656
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Table 4.3.2.4.5. Continued

OR 95% ClI 0
from to
Gender Men (Women = 1.00) 118 | 1.01 | 139 | 0.041
Age group Older (Younger=1.00) | 154 | 1.32 | 1.80 0.000
0:;6 Season Fall (Spring = 1.00) 112 | 096 | 132 | 0.160
Physical activity |Active (Passive = 1.00) 115 | 099 | 133 | 0.067
GMF strength 100 pT difference 101 | 096 | 1.06 0.756

Note: bold indicates P<0.05 for GMF strength analysis.

Table 4.3.2.4.6. Associations between physical vitality indicator, GMF and
other analyzed factorsin different SR intervals with 36-hour lagging effect

OR 95% ClI 0
from to
Gender Men (Women = 1.00) 118 | 1.00 | 138 | 0.045
Age group Older (Younger=1.00) | 151 | 129 | 177 0.000
0;32'5 Season Fall (Spring = 1.00) 112 | 095 | 131 | 0.180
Physical activity |Active (Passive=1.00) | 114 | 098 | 1.33 | 0.079
GMF strength 100 pT difference 121 | 086 | 171 0.272
Gender Men (Women = 1.00) 118 | 1.01 | 139 | 0.043
Age group Older (Younger =1.00) | 153 | 131 | 179 0.000
33; 7 Season Fall (Spring = 1.00) 113 | 096 | 132 | 0.146
Physical activity |Active (Passive = 1.00) 115 | 099 | 133 | 0.070
GMF strength 100 pT difference 108 | 062 | 187 | 0.79
Gender Men (Women = 1.00) 118 | 1.01 | 139 | 0.042
Age group Older (Younger=1.00) | 151 | 129 | 177 | 0.000
7;125 Season Fall (Spring = 1.00) 111 | 094 | 130 | 0.204
Physical activity |Active (Passive = 1.00) 114 | 099 | 133 0.075
GMF strength 100 pT difference 126 | 086 | 1.83 0.232
Gender Men (Women = 1.00) 118 | 1.01 | 139 | 0.041
Age group Older (Younger=1.00) | 154 | 132 | 179 0.000
1?_|_232 Season Fall (Spring = 1.00) 112 | 095 | 132 | 0.174
Physical activity |Active(Passive=1.00) | 1.15 | 099 | 1.33 | 0.067
GMF strength 100 pT difference 108 | 084 | 140 0.552
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Table 4.3.2.4.6. Continued

OR 95% CI 0
from to
Gender Men (Women = 1.00) 118 | 1.00 | 1.39 | 0.044
Age group Older (Younger=1.00) | 152 | 1.30 | 179 0.000
3f_|_56 Season Fall (Spring = 1.00) 114 | 097 | 134 | 0117
Physical activity |Active (Passve=1.00) | 1.15 | 0.99 | 133 | 0.071
GMF strength 100 pT difference 098 | 092 | 105 0.580
Gender Men (Women = 1.00) 118 | 1.01 | 139 | 0.042
Age group Older (Younger=1.00) | 154 | 1.32 | 1.80 0.000
o:;s Season Fall (Spring = 1.00) 113 | 096 | 133 | 0148
Physical activity |Active(Passve=1.00) | 1.15 | 0.99 | 133 | 0.067
GMF strength 100 pT difference 100 | 095 | 1.05 0.983

As further findings reveal (Tables 4.3.2.4.7 and 4.3.2.4.8), increases by
100 pT with 12-hour (OR =1.48, 95% CI 1.03—2.13) and 36-hour (OR = 1.47,
95% CI 1.01-2.14) laggings was statistically associated with better emotional
vitality only in the 7-15 Hz frequency range. Higher odds of better emotional
vitality were observed among older and physically active participants.

Table 4.3.2.4.7. Associations between emotional vitality indicator, GMF and
other analyzed factorsin different SR intervals with 12-hour lagging effect

OR 95% CI 0
from to
Gender Men (Women = 1.00) 103 | 088 | 121 | 0.729
Age group Older (Younger =1.00) | 1.53 | 1.31 | 1.80 0.000
0;32'5 Season Fall (Spring = 1.00) 103 | 088 | 121 | 0.708
Physical activity |Active (Passive = 1.00) 134 | 115 | 155 0.000
GMF strength 100 pT difference 136 | 096 | 193 | 0.082
Gender Men (Women = 1.00) 103 | 088 | 121 | 0.717
Agegroup Older (Younger=1.00) | 154 | 1.32 | 1.81 | 0.000
3:_;; ! Season Fall (Spring = 1.00) 104 | 089 | 122 | 0.628
Physical activity |Active (Passve=1.00) | 1.34 | 116 | 156 | 0.000
GMF strength 100 pT difference 146 | 085 | 253 | 0171
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Table 4.3.2.4.7. Continued

OR 95% CI 0
from to
Gender Men (Women = 1.00) 103 | 088 | 121 | 0.686
Age group Older (Younger =1.00) | 152 | 129 | 1.78 0.000
7;125 Season Fall (Spring = 1.00) 103 | 088 | 121 | 0.736
Physical activity |Active (Passve=1.00) | 1.34 | 116 | 156 | 0.000
GMF strength 100 pT difference 148 | 1.03 | 213 0.033
Gender Men (Women = 1.00) 104 | 088 | 1.22 0.655
Age group Older (Younger =1.00) | 157 | 134 | 184 0.000
1?4‘232 Season Fall (Spring = 1.00) 103 | 088 | 121 | 0676
Physical activity |Active (Passive = 1.00) 135 | 116 | 157 | 0.000
GMF strength 100 pT difference 119 | 094 | 151 0.146
Gender Men (Women = 1.00) 103 | 088 | 121 0.683
Age group Older (Younger=1.00) | 158 | 1.35 | 1.86 | 0.000
3%4_56 Season Fall (Spring = 1.00) 105 | 089 | 1.23 | 0568
Physical activity |Active (Passive = 1.00) 135 | 116 | 157 0.000
GMF strength 100 pT difference 100 | 094 | 1.07 | 0.944
Gender Men (Women = 1.00) 104 | 088 | 122 | 0.662
Age group Older (Younger=1.00) | 159 | 136 | 1.86 0.000
0;36 Season Fall (Spring = 1.00) 103 | 088 | 121 | 0699
Physical activity |Active (Passve=1.00) | 1.35 | 116 | 157 | 0.000
GMF strength 100 pT difference 103 | 098 | 1.08 0.308

Note: bold indicates P<0.05 for GMF strength analysis.

Table 4.3.2.4.8. Associations between emotional vitality indicator, GMF and
other analyzed factorsin different SR intervals with 36-hour lagging effect

OR 95% ClI 0
from to
Gender Men (Women = 1.00) 103 | 088 | 121 | 0.715
Age group Older (Younger =1.00) | 153 | 130 | 1.79 0.000
0;'32'5 Season Fall (Spring = 1.00) 103 | 088 | 121 | 0.732
Physical activity |Active (Passive = 1.00) 134 | 115 | 155 | 0.000
GMF strength 100 pT difference 139 | 099 | 196 0.061
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Table 4.3.2.4.8. Continued

OR 95% CI 0
from to
Gender Men (Women = 1.00) 1.03 0.88 121 0.696
Age group Older (Younger=1.00) | 156 | 1.33 | 1.83 0.000
3':; 7 'Season Fall (Spring = 1.00) 104 | 089 | 1.22 | 0.611
Physical activity |Active (Passive=1.00) | 1.35 | 116 | 1.56 | 0.000
GMF strength 100 pT difference 123 | 070 | 214 0.471
Gender Men (Women = 1.00) 103 | 083 | 1.21 | 0.684
Age group Older (Younger=1.00) | 153 | 1.30 | 179 0.000
7;125 Season Fall (Spring = 1.00) 102 | 087 | 120 | 0809
Physical activity |Active (Passive = 1.00) 134 | 116 | 156 0.000
GMF strength 100 pT difference 147 | 101 | 214 0.046
Gender Men (Women = 1.00) 104 | 088 | 1.22 0.654
Agegroup Older (Younger =1.00) | 157 | 1.34 | 1.84 | 0.000
1?_" 232 Season Fall (Spring = 1.00) 1.02 | 087 | 120 | 0.816
Physical activity |Active (Passive = 1.00) 135 | 117 | 157 0.000
GMF strength 100 pT difference 129 | 099 | 167 | 0.056
Gender Men (Women = 1.00) 1.03 0.88 121 0.685
Age group Older (Younger=1.00) | 158 | 1.34 | 1.85 0.000
3295 ['season Fall (Spring = 1.00) 105 | 089 | 123 | 0561
Physical activity |Active (Passive=1.00) | 1.35 | 1.16 | 1.57 | 0.000
GMF strength 100 pT difference 100 | 094 | 1.07 0.997
Gender Men (Women = 1.00) 104 | 088 | 1.22 0.669
Age group Older (Younger=1.00) | 159 | 1.36 | 1.86 0.000
0;;6 Season Fall (Spring = 1.00) 103 | 087 | 121 | 0.724
Physical activity |Active (Passive=1.00) | 1.35 | 117 | 1.57 | 0.000
GMF strength 100 pT difference 102 | 098 | 1.08 0.339

Note: bold indicates P<0.05 for GMF strength analysis.

Tables 4.3.2.4.9 and 4.3.2.4.10 show that an increase by 100 pT with
12-hour lagging in the lower GMF frequency ranges was strongly associated
with better social connectedness. When analyzing the effects with 36-hour
lagging, GMF kept its significance for perception of social connectedness
only within two frequency ranges— 7-15 Hz (OR = 2.07, 95% CI 1.39-3.10)
and 15-32 Hz (OR = 1.56, 95% CI 1.18-2.06). Higher odds of better social
connectedness were observed among older and physically active individuals,
and in the second half of the year.

87




Table 4.3.2.4.9. Associations between social connectedness indicator, GMF
and other analyzed factors in different SR intervals with 12-hour lagging

effect
OR 95% CI 0
from to
Gender Men (Women = 1.00) 111 | 094 | 132 | 0213
Age group Older (Younger =1.00) | 1.38 | 1.16 | 1.63 0.000
0;'32'5 Season Fall (Spring = 1.00) 122 | 103 | 144 | 0.021
Physical activity |Active (Passve=1.00) | 1.25 | 1.07 | 146 | 0.005
GMF strength 100 pT difference 167 | 116 | 241 0.006
Gender Men (Women = 1.00) 111 | 094 | 132 | 0211
Age group Older (Younger =1.00) | 1.38 | 117 | 1.64 0.000
?’ﬁ; 7 | 'season Fall (Spring = 1.00) 123 | 1.04 | 146 | 0014
Physical activity |Active(Passve=1.00) | 125 | 1.07 | 146 | 0.005
GMF strength 100 pT difference 220 | 122 | 3.96 0.009
Gender Men (Women = 1.00) 112 | 095 | 133 0.181
Agegroup Older (Younger =1.00) | 1.35 | 1.14 | 1.60 | 0.001
7;125 Season Fall (Spring = 1.00) 121 | 1.02 | 143 | 0.029
Physical activity |Active (Passive = 1.00) 125 | 1.07 | 146 0.005
GMF strength 100 pT difference 214 | 144 | 319 0.000
Gender Men (Women = 1.00) 113 | 095 | 1.34 | 0.158
Age group Older (Younger =1.00) | 143 | 122 | 1.69 0.000
1?_|_232 Season Fall (Spring = 1.00) 122 | 1.03 | 144 | 0.020
Physical activity |Active (Passve=1.00) | 1.27 | 1.08 | 148 | 0.003
GMF strength 100 pT difference 143 | 110 | 186 0.008
Gender Men (Women = 1.00) 112 | 095 | 1.33 | 0.181
Age group Older (Younger =1.00) | 145 | 122 | 1.72 0.000
3?;556 Season Fall (Spring = 1.00) 126 | 106 | 149 | 0008
Physical activity |Active (Passve=1.00) | 1.27 | 1.08 | 148 | 0.003
GMF strength 100 pT difference 100 | 094 | 1.07 0.972
Gender Men (Women = 1.00) 113 | 095 | 133 0.166
Age group Older (Younger =1.00) | 147 | 124 | 174 0.000
0;36 Season Fall (Spring = 1.00) 122 | 1.03 | 145 | 0.021
Physical activity |Active (Passive = 1.00) 127 | 1.08 | 148 0.003
GMF strength 100 pT difference 105 | 099 | 110 | 0.086

Note: bold indicates P<0.05 for GMF strength analysis.
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Table 4.3.2.4.10. Associations between social connectednessindicator, GMF
and other analyzed factors in different SR intervals with 36-hour lagging

effect
OR 95% CI 0
from to
Gender Men (Women = 1.00) 112 | 095 | 1.32 | 0.192
Age group Older (Younger=1.00) | 141 | 119 | 1.67 0.000
0;32'5 Season Fall (Spring = 1.00) 123 | 1.04 | 146 | 0.014
Physical activity |Active (Passive=1.00) | 1.26 | 1.08 | 147 | 0.004
GMF strength 100 pT difference 133 | 093 | 190 0.122
Gender Men (Women = 1.00) 112 | 094 | 132 | 0.193
Age group Older (Younger=1.00) | 141 | 119 | 1.67 0.000
35; 7 | 'season Fall (Spring = 1.00) 124 | 105 | 146 | 0013
Physical activity |Active (Passive = 1.00) 126 | 1.08 | 147 | 0.004
GMF strength 100 pT difference 158 | 088 | 285 0.125
Gender Men (Women = 1.00) 112 | 095 | 133 0.179
Age group Older (Younger=1.00) | 1.36 | 1.15 | 1.61 | 0.000
7;125 Season Fall (Spring = 1.00) 119 | 1.00 | 141 | 0.045
Physical activity |Active (Passive = 1.00) 125 | 107 | 147 0.004
GMF strength 100 pT difference 207 | 1.39 | 3.10 | 0.000
Gender Men (Women = 1.00) 113 | 095 | 1.34 | 0.160
Age group Older (Younger=1.00) | 144 | 122 | 170 0.000
1?_|_232 Season Fall (Spring = 1.00) 119 | 101 | 142 | 0.040
Physical activity |Active (Passve=1.00) | 1.27 | 1.09 | 148 | 0.003
GMF strength 100 pT difference 156 | 118 | 2.06 0.002
Gender Men (Women = 1.00) 112 | 095 | 133 | 0.176
Age group Older (Younger=1.00) | 146 | 123 | 174 0.000
3?;56 Season Fall (Spring = 1.00) 124 | 105 | 148 | 0012
Physical activity |Active (Passive=1.00) | 1.27 | 1.09 | 148 | 0.003
GMF strength 100 pT difference 102 | 095 | 1.09 0.558
Gender Men (Women = 1.00) 113 | 095 | 133 0.168
Age group Older (Younger =1.00) | 147 | 125 | 174 0.000
0;36 Season Fall (Spring = 1.00) 121 | 1.02 | 144 | 0.030
Physical activity |Active (Passive = 1.00) 127 | 1.09 | 148 0.003
GMF strength 100 pT difference 1.05 | 1.00 | 111 | 0.061

Note: bold indicates P<0.05 for GMF strength analysis.
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Finally, Tables 4.3.2.4.11 and 4.3.2.4.12 revealed that an increase by
100 pT in GMF was not associated with perception of overall wellbeing.
Higher odds of better overal wellbeing were observed among older and
physically active participants.

Table 4.3.2.4.11. Associations between overall wellbeing indicator, GMF and
other analyzed factors in different SR intervals with 12-hour lagging effect

OR 95% ClI o
from to
Gender Men (Women = 1.00) 111 | 094 | 131 | 0.224
Age group Older (Younger =1.00) | 2.05 | 173 | 243 0.000
0;3;5 Season Fall (Spring = 1.00) 110 | 093 | 1.29 | 0.268
Physical activity |Active (Passive=1.00) | 147 | 126 | 172 | 0.000
GMF strength 100 pT difference 130 | 091 | 1.87 | 0.149
Gender Men (Women = 1.00) 111 | 094 | 131 | 0.219
Agegroup Older (Younger =1.00) | 206 | 174 | 244 | 0.000
3:_': ! Season Fall (Spring = 1.00) 111 | 094 | 130 | 0224
Physical activity |Active(Passive=1.00) | 148 | 127 | 1.72 | 0.000
GMF strength 100 pT difference 137 | 077 | 242 | 0281
Gender Men (Women = 1.00) 111 | 094 | 131 | 0.206
Age group Older (Younger=1.00) | 2.06 | 174 | 244 0.000
"1 | Season Fall (Spring = 1.00) 110 | 094 | 130 | 0238
Physical activity |Active(Passive=1.00) | 148 | 1.27 | 1.72 | 0.000
GMF strength 100 pT difference 122 | 084 | 1.77 0.303
Gender Men (Women = 1.00) 111 | 094 | 132 | 0.200
Age group Older (Younger =1.00) | 210 | 178 | 247 0.000
1‘7’4‘232 Season Fall (Spring = 1.00) 111 | 094 | 131 | 0217
Physical activity |Active (Passve=1.00) | 148 | 127 | 173 | 0.000
GMF strength 100 pT difference 108 | 084 | 1.37 | 0553
Gender Men (Women = 1.00) 111 | 094 | 1.32 0.205
Age group Older (Younger =1.00) | 210 | 177 | 250 | 0.000
3?_'_56 Season Fall (Spring = 1.00) 111 | 094 | 131 | 0.200
Physical activity |Active (Passive = 1.00) 148 | 127 | 173 0.000
GMF strength 100 pT difference 100 | 094 | 107 | 0925
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Table 4.3.2.4.11. Continued

OR 95% ClI 0
from to
Gender Men (Women = 1.00) 112 | 094 | 132 | 0.199
Age group Older (Younger=1.00) | 211 | 179 | 250 0.000
0:;6 Season Fall (Spring = 1.00) 110 | 093 | 130 | 0.245
Physical activity |Active (Passive=1.00) 148 | 127 | 173 | 0.000
GMF strength 100 pT difference 102 | 097 | 1.07 0.526

Table 4.3.2.4.12. Associations between overall wellbeing indicator, GMF and
other analyzed factorsin different SR intervals with 36-hour lagging effect

95% CI
OR p
from to
Gender Men (Women = 1.00) 111 | 094 | 131 0.209
Age group Older (Younger =1.00) | 209 | 176 | 247 | 0.000
0;3;5 Season Fall (Spring = 1.00) 111 | 094 | 131 | 0212
Physical activity |Active (Passive = 1.00) 148 | 127 | 173 0.000
GMF strength 100 pT difference 107 | 075 | 153 | 0.69
Gender Men (Women = 1.00) 111 | 094 | 1.32 | 0.204
Age group Older (Younger=1.00) | 211 | 178 | 250 0.000
3i_5|; ! Season Fall (Spring = 1.00) 112 | 095 | 132 | 0181
Physical activity |Active (Passve=1.00) | 149 | 127 | 173 | 0.000
GMF strength 100 pT difference 092 | 052 | 164 0.787
Gender Men (Women = 1.00) 111 | 094 | 131 | 0.205
Age group Older (Younger =1.00) | 2.07 | 175 | 2.46 0.000
7;125 Season Fall (Spring = 1.00) 110 | 094 | 1.30 | 0244
Physical activity |Active(Passive=1.00) | 148 | 127 | 173 | 0.000
GMF strength 100 pT difference 115 | 078 | 170 0.468
Gender Men (Women = 1.00) 112 | 094 | 1.32 0.197
Agegroup Older (Younger =1.00) | 210 | 1.78 | 247 | 0.000
1?4_232 Season Fall (Spring = 1.00) 1.09 | 093 | 129 | 0.283
Physical activity |Active (Passive = 1.00) 148 | 127 | 173 0.000
GMF strength 100 pT difference 117 | 090 | 153 | 0251
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Table 4.3.2.4.12. Continued

OR 95% CI 0
from to
Gender Men (Women = 1.00) 111 0.94 1.32 0.200
Age group Older (Younger =1.00) | 213 | 179 | 252 0.000
32H‘S6 Season Fall (Spring = 1.00) 110 | 094 | 1.30 | 0.243
Physical activity |Active (Passive=1.00) | 1.49 | 1.28 | 1.73 | 0.000
GMF strength 100 pT difference 102 | 096 | 1.09 0.529
Gender Men (Women = 1.00) 112 | 094 | 132 | 0.199
Age group Older (Younger =1.00) | 212 | 179 | 250 0.000
Olff Season Fall (Spring = 1.00) 110 | 093 | 130 | 0281
Physical activity |Active (Passive=1.00) | 149 | 127 | 173 | 0.000
GMF strength 100 pT difference 102 | 097 | 1.07 0.405

To summarize the subchapter, the analysis of the associations between
biopsychosocia wellbeing and health parameters and local GMF fluctuations
highlighted the impact of inner coherence on synchronization between HRV
and GMF. Moreover, the quality of two person’s relationship turned out to be
significant when discussing the similarity of their physiological response
towards GMA. The analysis also revealed that SF mental health indicator was
most responsive to GMF fluctuations. Also, most significant associations
were observed across lower frequency ranges, and with 12- and 36-hour
lagging intervals. It was also revealed that the effectsin spring take lesstime
to occur than in fall, and mental health is more responsive during spring,
whereas physical health and overall wellbeing are more responsive during the
fall. Higher odds of better mental state (SF mental health indicator) were
observed among men, among elder group, among physically active partici-
pants, in the second half of the year. Anincrease by 100 pT inthelower GMF
frequency ranges was more strongly associated with better mental health.
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DISCUSSION

Although the associations between live organisms, including humans,
and GMF began to be examined globally several decades ago, the character-
ristics of the local rather than the global magnetic field and its effects on
health-related i ssues have not been studied extensively. Regarding Lithuania,
there were no such studies at all for technical reasons up until 2014 when a
magnetometer capturing local GMF fluctuations was installed, allowing to
start observations of the dynamics of GMF and to carry out various related
researches.

For the research of this dissertation, we examined the study participants
objective as well as subjectively evaluated biopsychosocial wellbeing and
health, including mental, physical, social elements, and overall self-reported
health assessment. Socio-demographic data and data on participants physical
activity were also collected. During the study period, GMA was monitored
and the data obtained was then used to examine its associations with the
above-mentioned wellbeing and health indicators. To better understand and
evaluate parameters of thelocal GMF fluctuationsin Lithuania, the dynamics
of the GMF changes was observed not only during the study year (2016), but
up until March, 2020.

Measuring GMF fluctuations, the following six frequency ranges were
being captured and observed: 0-3.5 Hz, 3.5-7 Hz, 7-15 Hz, 15-32 Hz, 32—
66 Hz, and 0-66 Hz. In Sudy 2, we examined the associations not only at
actua time, but also with lagging intervals of 12, 24, 36 and 48 hours.
Naturally, since the analysisincluded many different parameters and patterns,
quite alarge number of different types and intensity associations were obser-
ved. Thus, it isimportant to try to discover general trends in that context in
order to better understand the tendencies of examined associations. Therefore,
we will discuss the results in an effort to highlight the significant featu-
res/patterns of the analyzed associations.

Seasonality and gender

Examining the associ ations between health indicators and GMF fluctua-
tions, certain differences based on seasonality were found. In the spring
season, at least a little stronger (>0.10) correlations were more observed in
lower frequencies (0—3.5 Hz, 3.5-7 Hz, 7-15 Hz), and those found correla-
tions were found when assessing SF mental health indicator with 12- and
36-hour lagging intervals. Meanwhile in the fall season, more significant
correlations that reached 0.10 and above, were found in higher frequencies
(7-15 Hz and 32—66 Hz), and those correl ations were observed when assessing
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overall wellbeing and physical health. It isimportant to note that in the spring
season the associations were found with 12- and 36-hour lagging intervals,
whereas in the fall season the effects of GMF took longer to occur where the
most associations were observed with 24- and 48-hour lagging intervals.

These findings provide definite insights about different effects of the
seasons on human functionality. Similar observations have already been
disseminated by different authors [35, 116, 166], who found that physical
health ailments, such as heart activity failure (ischemic heart disease, stroke),
deaths, etc. aremorelikely to occur inthe cold season of theyear (fall-winter),
whereas psycho-emotional difficulties, such as suicidal cases, social unrest,
etc., are observed more often in the warmer time of the year. These obser-
vations are in agreement with the findings of the study of this dissertation,
which found that in the spring season, most responsive to GMF disturbances
was mental health, which potentially reflects the greater psycho-emotional
sensitivity during this period. Whereas in the fall season, the greater effect
was observed on physical health and wellbeing. Some authors[35, 116] argue
that perhaps temperature differences, increased incidence of side-effects, etc.
may also contribute to more sensitive health responses during the cold season.

Although we did not succeed in finding any studies in literature exami-
ning the seasonality impact on different GMF frequency ranges, the study in
this dissertation observed the greater significance of lower frequenciesin the
spring season, and higher frequencies were more likely to correlatein the fall
season. The highest Gamma (32—66 Hz) frequency range’s correlation with
overall wellbeing in the fall season was negative, meaning that an increasein
GMF strength in this frequency range resulted in poorer self-reported overall
wellbeing of participants. As the HeartMath Institute observations claim,
Gamma waves can be associated with hyperactivity, panic, fright, tension
[39], which means that an increase in these waves intensity increases an
inclination to hyperactivity and destruction, and this could possibly explain
why in the conducted study of this dissertation the correlations between the
ultra-high waves and participants overall wellbeing was negative.

When discussing seasonality, it isinevitableto talk over the significance
of gender as well. Authors especially point out in terms of physical health
[165] that women tend to have better physical health, and this might be one
of the reasons, explaining differences in male and female longevity in most
industrialized countries [163]. When examining the seasonality and gender
factors altogether, more specific effects clear up. For instance, when exami-
ning the associations between GMF and health indicators among men,
dlightly stronger (>0.01) correlations were observed with mental, emotional
and physical wellbeing, and those occurred in the lower, first four, frequency
ranges with 12- and 36-hour lagging intervals. Meanwhile significantly among
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women, very weak correlations were found in all six frequency ranges with
some of the health indicators. But none of the observed correlations reached
0.01, thus, it might seem that men are more sensitive to GMF fluctuations
than women.

However, theinclusion of the seasonality factor into the analysis showed
the opposite that among women, the spring season revealed quite a number
of significant correlationsin all GMF frequencies, the strongest of which were
when assessing overall wellbeing and SF mental health indicator. Among
men, the same season reveaed only four associations, three of which were
negative, meaning that an increase in GMF strength during this season had a
negative affect on men’s health.

Speaking of the cooler, fal season, there was a particularly strong
(compared to al other found in this study) ~0.20 negative correlation between
GMF peak (Gamma) frequency range and overal wellbeing and physical
health. Among women, a more outstanding association was observed only
with physical vitality, but like in the men’s group, in the women'’s group the
association was aso negative. Thus, it could be summarized that an increase
in GMF strength during the fall season, especially in the highest frequency
range, has adverse effect on both women and men’ s wellbeing.

Age factor

Another significant factor that emerged in the study of this dissertation
was age. All participants of the study were divided into two age groups: 19—
29 years and 30-39 years, to compare whether younger and older adults
respond differently to GMF disturbances. In examining differences between
those two age groups, it was found that more significant associations were
observed among older participants (30—39 years) than younger ones (19-29
years). Itisinteresting to note that the found associations were reveal ed across
the first four frequency ranges and were found both at actual time and with
al analyzed lagging intervals, however, dightly stronger ones (>0.10) were
observed at actual time and with 24- and 36-hour lagging intervals. Moreover,
absolutely all of the significant associations were negative. Therefore, it can
be concluded that older adults are more responsive to the changes in GMF,
and that increases in GMF strength have adverse effects on their mental,
physical health, socia and overall wellbeing.

Meanwhile, among younger participants, the more significant associa-
tions were observed only with 12- and 36-hour lagging intervals, and only
within the first two lowest frequency ranges. It is also important to note that
the mentioned associations are positive, in contrary to the older participants
correlations.
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We see then from what has been discussed that an increase in GMF
strength has a positive impact on younger adults' health and wellbeing, and
an adverse impact on older ones. There is quite a number of research studies
on the age factor’s significance on health and wellbeing outcomes with a
particular emphasis on heart function, cognitive abilities, psychological resi-
lience, etc. As some authors claim, HRV declines with age [179] and aging
often involves nervous system changes, which may reduce regulatory capa-
city [74], which, in turn, may contribute to various inflammations, hyperten-
sion and other health issues [52]. Of course, in our study, the age groups that
were compared are not radically alienated, however, a period of 20 yearsis
perhaps sufficient to develop various biologically determined and/or lifestyle
related health and wellbeing outcomes.

When discussing mental and emotional wellbeing, age may also be
relevant, having its significance through physiological changes. HRV is also
an indicator of psychological resiliency and behavioral flexibility and, as the
authors Gary G. Berntson et al. [15] argue, it reflects the individual’s capacity
to adapt effectively to changing social or environmental demands and chal-
lenges [15]. And the social environment and the change and development in
new socia rolesis especially relevant at the age of our target group, asit is
the age groups of the senior group of the study that is mostly characterized by
making important personal and professional decisions, such as marriage,
career development, etc. Age, as being asignificant biological factor influen-
cing mental health and wellbeing, has been also mentioned in the reports
conducted by the Lithuanian Republic Ministry of Education and Science
[170]. Thus, it isbecoming clear that the associations that are being discussed
are very complex, occurring between processes of different levels and comp-
lexity.

The different capabilities and skills of adults, depending on their age, are
also discussed and well described by the WHO in its reports and analyses.
This organization pays quite a big attention to the factor of age and, therefore,
has developed and published guidelines and recommendations for health
promotion, which vary for different age groups [55]. Moreover, in its last
year’ sreport the WHO stated that a significant number of adults do not follow
the recommendations for maintaining good health status, so it is logica to
assume that the older a person becomes (and that means more years of their
lifestyle not contributing to their health support), the more obvious negative
consequences for health and wellbeing occur.

From what has been discussed, the differences between the two age
groups in terms of their associations with different health and wellbeing
parameters are clear. However, this does not yet explain why our study revea-
led differences between those two groups responses to GMF disturbances.
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We can only assume, from the reviewed scientific literature in the field, that
the quality of current health status and wellbeing, and the level of vulnerabi-
lity in one’'s physical, mental or social wellbeing, all may play a significant
role in one's ability to adapt to environmental changes and challenges. This
was also confirmed by arecent study [174], which revealed that our level of
HRV response to GMF disturbances may even depend on the quality of
interpersonal relationships. At this point, it would be possible to assume that
with age, a person develops his’her social competences and is increasingly
capable of establishing and maintaining a better quality and closer interper-
sonal relationships. Thisassumption would raise aquestion, why in our study,
on the contrary, a senior group of participants revealed more complex asso-
ciations with GMF fluctuations than younger ones. We may have to consider
that nowadays, modern lifestyle features do not guarantee any social develop-
ment with age. A report by Beaumont [9] reveaed that despite the ongoing
fast technological progressthat provides people with more and more different
tools and ways how to connect to each other, loneliness and socia isolation
are an ever-growing complex challenge in the society worldwide.

Emotional state and inter personal relationships

When examining the effect of a coherence technique on synchronization
with GMA during the Study 1, it was found that among all of the study days,
synchronization (positive correlation) between participants HRV and GMA
was highest exactly on the day when the Heart Lock-In Technique was
applied. As authors Fred Shaffer, Rollin McCraty and Christopher L. Zerr
[150] indicate, HRV is typicaly used as an indicator of ANS function,
dynamics, and functional status of interdependent regulatory systems that
operate to help aperson to adapt to environmental and psychological challen-
ges. Thus, it is evident that there is a clear link between the mental state of a
person and his’her HRV. However, to the best of our knowledge, there are no
studies examining how mental state can influence HRV’ s associations with
GMA. More over, our study revealed the there is evidence that links the
quality of interpersonal relationships and synchronization with GMA. Results
of the Study 1 showed that two participants (number 7 and 20) were most
similar in the sense of synchronization between their HRV and local GMA.
But what is a'so important in these findings, is that from the analysis of the
participants’ interpersonal interaction data, it was clear that participants 7 and
20 shared mutual positive attitudes towards one another.

Sincethere are no similar studiesthat could be compared to what we have
found, we can only try to reason and philosophize how such factor as mutual
interconnection can affect the two persons’ relationship to geophysical envi-
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ronmental factors. Isit their similar physiological patterns (HRV synchroni-
zation to GMA) that inspires better mutual connection and positive attitude
towards one another, or vice versa? From the overall tendency in scientific
literture it could be assumed that mutual attractiveness or sympathy for each
other involves many more internal associations and dynamics than could be
thought at first sight. And that shifting our emotional state can instantly shift
our physiological responses to geophysical environmental factors.

The discussed observations lead towards understanding that, together
with other factors, it is aso important to pay attention to social wellbeing and
quality of interpersonal relationships of a person when discussing health
effects related to geophysical environment.

Physical activity

The study of this dissertation also examined possible differences between
physicaly active and physically passive participants. The obtained results
showed that a lot more significant associations between GMF fluctuations
and health indicators were observed in the group of regularly practicing
physical activity, compared the with physically passive group. Among the
found correlations, dightly stronger ones (>0.10) were found in thefirst three
frequency ranges, when assessing SF mental health indicator, emotional vita-
lity and social connectedness. All the mentioned correlations appeared with
12- and 36-hour lagging intervals. Among those who indicated being physi-
cally passive, only one significant correlation reached the strength of 0.10
when assessing SF mental health indicator in the frame of 0-3.5 Hz frequency
and with 36 hour lagging interval.

There is a large number of scientific research studies about the impor-
tance and benefits of physical fitness and regular physical activity, which
show the obvious significant associations between physical activity and im-
proved social, mental, physical and general health and wellbeing. However,
the question is, how/why did our study reveal the differences between those
two groups’ responses to GMF fluctuations.

Firgt, it is noticeable that among physically active participants, most of
the associations were with mental/emotional wellbeing indicators. A regular,
physically active lifestyle has been proved by many authors to significantly
influence better psychological wellbeing, higher joy of life, better quality of
life and higher overall satisfaction with one’s life, and this positive impact is
observed regardless of age or socio-economic status [16, 180]. As the obtain-
ned results from the Study 1 revealed, after the application of the emotional
wellbeing balancing technique (Heart Lock-In Technique), the participants
synchronization (positive correlation) with GMF fluctuations significantly
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shifted into the more positive level. These findings may indicate that the more
harmonious and balanced the inner state is, and the better a person overal
feels, the more optimal associations with the geophysical environment he/she
develops, being able to stay more resilient to various greater disturbances.
Thus, evaluating these results from Study 1, further analysis of the main study
has also demonstrated the same tendency and logic in the group of physically
active participants, numerous associations with namely SF mental health and
emotional vitality indicators were observed, indicating that, perhaps, the par-
ticipants physically active lifestyle contributes significantly to a variety of
their health outcomes and overall wellbeing resulting in improved synchro-
nization with GMF fluctuations.

Also, interesting to noticeisthat in the group of physically active compa-
red with physically passive, an association with social connectedness was
found. Thisisalsoin agreement with anumber of other authors' observations,
which showed that regular physical activity, contributing to variousimproved
indicators of physical health (reduced hypertension and obesity, indicators of
inflammation, metabolic dysfunction, etc.), has significant benefits for quali-
ty social relationships maintenance and engagement into socia activities,
which, in turn, helps to avoid feelings of abandonment and loneliness [188—
190, 192].

Looking at theresultsin the physically passive group, which showed only
one correlation that reached 0.10, it is noticeable that this correlation was
observed with a 36-hour lagging interval, whereas in the physicaly active
groups, slightly stronger associations (>0.10) were observed with a 12-hour
lagging interval, meaning that effects occurred much earlier. The question is
whether those who do not practice regular physical activity arein amore dis-
advantaged position regarding associations with GMF? Aswe have discussed
in the literature review section, being isolated from GMF (which aso implies
no associations with GMF fluctuations) is not beneficia neither for animals,
nor for humans. On the contrary, it can adversely affect blood pressure, other
cardiovascular features, and even cognitive functions [11, 57, 176]. Therefo-
re, an overall summary of the discussed observations would suggest that those
who lead a healthier lifestyle (through regular physical activity) and thus
maintain a better health and wellbeing, are more likely to be in more bene-
ficial associations with GMF disturbances in terms of their health and
wellbeing.
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L agging effect

When assessing associations between GMF fluctuations and health
parameters with lagging intervals, it turned out that most statistically signifi-
cant correlations were revealed with 12- and 36-hour lagging intervals
(although multivariate analysis highlighted only theinterval of a12-hour lag).
Associations were also found at actual time and with other analyzed lagging
intervals (24 and 48 hours), however, there were very few of them. The
guestion of why the GMF effects on human health and wellbeing occur with
certain time laggings, is indeed worth discussing. If we looked at other
scientific literature on thistopic, wewould find such mentioned timeintervals
as daily cycle [56, 135]. A more recent study [150] allowed the authors to
distinguish the concept of adaptation, meaning that certain body processes,
especially the HRV indicator, reflect the ability to adapt to environmental and
psychological challenges. And adaptation, as a process, implies by default a
certain necessary time interval. So, in this sense, the significance of lagging
intervals seems logical and plausible. Of course, people are definitely diffe-
rent in their abilities to adapt to environmental changes, and perhaps thisis
why we can observe so many differences in the results when assessing asso-
ciations between GMF changes and health indicators with different lagging
intervals.

On the other hand, there is a wealth of research that shows undoubted
associations aready at actual time, without laggings. For instance, ANS is
highlighted to possess a feature to respond quickly to [109] and even synch-
ronize simultaneously with [104] the changesin GMA. The HRV responses,
occurring already during geomagnetic storms [20, 33, 40, 104] or at least
within a relatively short time interval (between 4-30-minute-long periods)
[195] have been also observed.

From what has been discussed, it can be seen that in literature we find
authors showing associations both at actual time and with various time
lagging intervals. From the results of this study and other authors' research it
can be assumed that there is no general conclusion about which time lagging
interval is the most optimal for the evaluation of the discussed associations
between GMF changes and health indicators. Perhaps this is understandable,
given that human health processes are complex, nonlinear, ambiguous, and
what is especially important to note is that those parameters of associations
can be affected by many individual factors, such as even the quality of
interpersonal relationships. Therefore, it could be concluded that different
people respond differently to GMF changes, at different times and intensities.
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L ower versus higher frequency ranges

Our study examined the associations between health indicators and GMF
changes across six different frequency ranges. 0-3.5 Hz, 3.5-7 Hz, 7-15 Hz,
15-32 Hz, 32-66 Hz and 0-66 Hz. The resultsreveal ed that most of the found
significant and at least dlightly stronger (>0.10) correlations were observed in
the three lowest frequency ranges. 0-3.5 Hz, 3.5-7 Hz, 7-15 Hz.

Some authors have already shown that it is namely the lower frequency
ranges that are more associated with human health and wellbeing. Among
many health related outcomes, they point out the human nervous system,
which couples with low or ultra-low frequency standing waves that overlap
with human physiological rhythms [104]. Another study [42] aso found
evident links between EEG rhythms, blood pressure and heart rate with
namely low-frequency geomagnetic rhythms. The same low frequencieswere
distinguished also by Zenchenko et al. [195], who found significant associa-
tions with heart rhythms.

Insights from the mentioned studies support the findings of our research,
which highlighted that lower frequencies demonstrate more significant
impacts on human health and wellbeing than higher frequencies. Never-
theless, speaking of more specific effects, recent studies show that both weak
and strong GMF disturbances are linked to negative health outcomes [60, 70,
132, 167, 168], whereas, most of the significant associations found in our
study were positive (except when analyzing the groups of senior participants).
It should also be noted that the associations found at lower frequencies were
observed mostly when assessing SF mental health indicator. Therefore, the
conclusion might be that an increase of namely low-frequency GMF has a
positive effect on adults mental health and wellbeing.

Asjust mentioned, the senior group of the study participants stood out as
revealing that their associations were negative. However, it is also noticeable
that those negative associations are aready occurring not only at low
frequencies, but also at higher frequencies (15-32 Hz and 0-66 Hz). Themore
negative effects of higher frequencies are not surprising. In the literature
review we found that the highest among the analyzed frequencies, Gamma
waves, are mostly associated with panic, hyperactivity, fright and tension
[39]. Another very recent study [75] also showed that negative health outco-
me such as myocardial infarction is significantly linked to the highest fre-
guencies.

Summarizing the discussed findings and observations of this work and
other authors, it becomes clear that lower frequency ranges have a more
positive impact and significant associations with adults’ indicators of health
and wellbeing.
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Overall subjective health assessment among men and women

Evauation of the relationship between health indicators and GMF
changesrevealed significant differences based on gender, which have already
been discussed at the beginning of this chapter. However, it would be worth
considering whether the fact that there are significant differences in how
men’s and women’ s health parameters respond to GMF disturbances can be
at all associated with the overall tendency of how men and women subjec-
tively perceive their health and wellbeing.

As the results of our study revealed, statistically significant differences
between men and women perception of their health and wellbeing were found
when assessing SF-12 Mental health indicator, also when measuring
participants’ physical and emotional vitality: in all three cases, better health
parameters were observed among men (P<0.05). Three other indicators had
also atrend of being better among men than women, though not significantly.
These findings show that men tend to perceive their health and wellbeing as
better than women. These observations arein agreement with another conduc-
ted research with Lithuanian population [90], which revealed that women
reported their mental health (vigor, vitality and emotional state) and physical
condition as being statistically significantly poorer than men.

The question then, is whether the way a person perceives hisher well-
being and how one feels about their health status, can influence that person’s
sensitivity to GMF disturbances? Understanding such complex peculiarities
Is not that simple, but perhaps it can be assumed that, given the results of the
Sudy 1, which showed that improved psycho-emotional state and increased
inner coherence improved the participants synchronization with GMF, the
greater inner coherenceis, the less a person should be disturbed by the GMF
changes. If we accept that individuals who tend to better evaluate their health
(in our case men) are more likely to feel better in general and that their inner
coherence is to some extent higher, then they should be in a more positive
association with GMF disturbances.

The results of our study revealed that among women, many significant
correlations across al analyzed frequency ranges were observed in the spring
season, the strongest of which being when assessing overall wellbeing and SF
mental health indicator. In the same season, only four associations (when
assessing physical vitality, social wellbeing and SF physical health indicator)
emerged among men, however, none of them reached 0.10. Such a large
difference between those two groups suggests that GMF disturbances affect
women more than men. The fall season revealed a more moderate quantity of
significant correlations for both men and women groups.
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It is difficult to make categorical generalizations from the observations
discussed, however, it is possible to notice a tendency that women, who are
generally morelikely to perceivetheir health as poorer than men, reveal being
more sensitive and responsive to GMF disturbances.

Study limitations, strengths and futur e per spectives

After implementing the research of this dissertation and after evaluating
the obtained multidimensional results, it is important to highlight certain
aspects that appeared to be our study limitations and/or strengths, and that
may help in planning future researches:

1.

Our study sample consisted of 19-39 years old adults, which is a
relatively young age group. It is likely that including a wider age
range would revea more specific heath and wellbeing related
factors and effects, thus, we can assume that the chosen young age
group might have limited access to more in-depth and meaningful
research findings. Future research should include a wider age group
of participants.

It should also be noted that the study was conducted by implemen-
ting five study waves during 2016, from March till October. All five
waves included different participants, meaning no participant took
part in the study twice. Since seasonality was included in the data
analysis, it isimportant to keep in mind that when comparing diffe-
rent seasons, the subjects from those seasons were different, mea-
ning that the groups were different.

Since seasonality appeared to be a significant factor, it would be
reasonable in future studies to cover winter months aswell, to ensure
that all periods of ayear are included.

Our study included both objective and subjective health and well-
being assessment, which enables usto discuss health related patterns
from a broader perspective, rather than limiting merely to objective
measures.

Finally, our study examined the associations at actual time and with
lagging intervals of 12, 24, 36 and 48 hours. However, in the future,
it would be also reasonable and important to take into consideration
the opposite time intervals prior to the observed event or health
assessment. A number of authors have already noticed that anticipa-
tory reactions occurring several days before a magnetic storm, are
also evident, resulting in changes of blood pressure, HRV and other
biopsychosocial processes [40, 41, 85, 104].
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CONCLUSIONS

From 2014 till 2016, a decreasing trend of local geomagnetic field
strength was observed. Since 2017, the strength has been increasing each
year. Geomagnetic field strength reachesits peak in late summer and then
goes down to itslowest point in late fall.

Y oung adults evaluated their physical health as better than mental health.
Men and older (30-39 years old) participants assessed their mental, phy-
sical heath and emotional vitality better than women and younger (19—
29) participants.

The analysis of the associations between local geomagnetic field fluc-
tuations and biopsychosocial wellbeing and health parameters revea ed
the following:

e Increased inner coherence has a positive impact on synchronization
between heart rate variability and geomagnetic field fluctuations.

e Quality of two persons' interpersonal relationship has shown to be
linked with synchronization of their heart rate variability to local
geomagnetic field fluctuations — the closer their relationship, the
more similar their synchronization is.

e Most pronounced effects of geomagnetic field strength on wellbeing
and health occur with 12- and 36-hour lagging intervals within the
three lowest frequency ranges (0-3.5 Hz, 3.5-7 Hz and 7-15 Hz).

e In spring, geomagnetic field strength has been associated with well-
being and health in the three lowest frequency ranges, whereasin fall
it is associated with the higher frequency ranges; the effect of the
geomagnetic field occurs faster in spring than in fall; mental health
IS more responsive to geomagnetic field fluctuations in spring,
whereas physical heath and overall wellbeing in fall; in spring,
women are more responsive to geomagnetic activity than men.

e Younger participants respond faster (within 12-36 hours) to local
geomagnetic field fluctuations than older ones; moreover, the asso-
ciations among younger participants were positive, whereas among
older ones they were negative.
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IMPLICATIONSFOR PRACTICE

For successful implementation of the obtained results about the associa-
tions between health and wellbeing parameters and GMF fluctuations, it is
essential that public health specialists and representatives include this kind of
information among other publicly disseminated information, making it easily
accessible for the general public. The following actions could be considered
for implementation:

1.

Public Health Bureaus could regularly cooperate with representa-
tives that access the GMF fluctuations data and could establish a
timely information system tool for the public about the dynamics
and/or prognoses of the GMF fluctuations.

After that, Public Health Bureaus might regularly publish in their
websites or other kinds of informational tools, the main scientific
findings concerning possible GMF effects on certain health and
wellbeing aspects. Since it has been observed by a number of
researchers [40, 41, 85, 104] that already several days before the
onset of geomagnetic storms, health status changes might occur,
knowing this kind of information might help the society to prepare
for health changes and take actionsto rai se health resilience or avoid
some drastical health outcomes (stroke, heart attack, etc.).

Since it has been shown that increased inner coherence (positive
emotions, feelings of peace and harmony, etc.) has a positive impact
on the synchronization between the human heart rate variability and
the GMF fluctuations, practicing psychol ogists and psychotherapists
might pay additional attention to helping their clients manage stress
and shift out of being in the Gammawaves (30-100 Hz) into amore
balanced and harmonious state, in order to be more resilient to
environmental geophysical factors.
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SUMMARY IN LITHUANIAN

IVADAS

Pracito amziaus 6-ame deSimtmetyje vokie¢iy fizikas Vinfridas O. Su-
manas (Winfried O. Schumann) atrado ir pradéjo tyrinéti geomagnetinio
(GM) lauko fluktuacijas, atsirandancias ertméje tarp Zemés pavirSiaus ir jono-
sferos. Rezonansai, kuriuos jis aptiko, yra Zemo daznio elektromagnetinés
fluktuacijos, kurios savo ypatybémis yra artimos zmogaus fiziologiniams
procesams [28, 146]. Véliau seké daugybé tyrimy, analizuojanciy zmogaus ir
geofizinés aplinkos sgveikas. Daugybé moksliniy tyrimy patvirtino GM Kiti-
my sasajas su miokardo infarkto atvejy skaiciais, aukstu kraujospiidziu, mir-
Ciy statistika ir t.t. [107, 108, 165, 166]. Padidéje nusikaltimy, Ziauriy
iSpuoliy atvejai, revoliucijos, teroristiniy ataky padaznéjimas — Sie ir panasts
procesai visuomeneése taip pat pat buvo daugumos mokslininky susieti su GM
svyravimais [58, 122, 158]. Tapo aisku, kad sgsajos tarp GM aktyvumo,
skirtingy Sumano rezonansy dazniy ir Zmogaus fiziologijos yra ypa¢ stiprios.
Taciau specifiskesniy tyrimy stoka iki $iol riboja nuodugnesnj supratima apie
minétus poveikius bei apie tai, kaip gaunamus tyrin¢jimy rezultatus biity
galima panaudoti zmogaus sveikatos gerinimui.

Be to, svarbu atskirti globalaus ir lokalaus GM lauko sgvokas. Didzioji
dalis pasaulyje atlickamy tyrimy vyksta pasitelkiant globalaus GM lauko
duomenis, taciau lokaliam laukui fiksuoti yra biitina lokaliai instaliuota ypac
jautri jranga. Déka HeartMath instituto (Kalifornija, JAV), tokia jranga —
ypac jautrus GM lauko aktyvumo pokyc¢ius fiksuojantis magnetometras —nuo
2014 m. kovo mén. yra instaliuota ir Lietuvoje, tad nuo tada Lietuvos moksli-
ninkai turi technines galimybes stebéti biitent lokalaus GM lauko aktyvumag
Ir tyrinéti jo sasajas su zmogaus ir gyviuny jvairiais sveikatos ir elgesio
aspektais. Lietuvojeinstaliuotas magnetometras yra penktas visame pasaulyje
i§ Siuo metu esanciy Sesiy (JAV, Kanadoje, Saudo Arabijoje, Lietuvoje,
Naujojoje Zelandijoje ir Piety Afrikoje).

Moksdlinis haujumas. Nuo 2014 m. kovo ménesio turint biitent Lictuvai
skirtg ir Lietuvos teritorijoje instaliuota magnetometra, iSkart pradéta telkti
interdisciplininé mokslininky komanda, galinti apdoroti ir suprasti didelés
apimties duomenis, taip pat pradéta ruostis Sios disertacijos tyrimo atlikimui.
Sis tyrimas — pirmasis pradétas tyrimas Lietuvoje, kuriame panaudojami §io
magnetometro duomenys ir analizuojamos jy sgsajos su Lietuvos suaugusiyjy
sveikatos parametrais.

Praktiné reik§meé. Geresnis supratimas apie zmogaus sveikatos para-
metry sasajas su GM lauko aktyvumu, ypa¢ detaliau paZjstant Sumano rezo-
nansus ir jy skirtingus daznius bei intensyvumus, gali padéti ne tik paaiSkinti
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kai kuriy su zmogaus sveikata susijusiy reiskiniy (ligos, mirtis ir kt.) apraisky
priezastis ir dinamika, bet taip pat ir prognozuoti tam tikras jy eigas, o taip
pat — planuoti ir jgyvendinti prevencinius veiksmus, siekiant gerinti sveikata
ar iSvengti kritiniy sveikatos pablogéjimy.

DARBO TIKSLAS IR UZDAVINIAI

Darbo tikslas— nustatyti sgsajas tarp jauny suaugusiyjy biopsichoso-
cialinés gerovés ir lokalaus GM lauko pokyciy.

UZdaviniai:

1. [vertinti lokalaus GM lauko kitimy parametrus Lietuvoje;

2. lvertinti jauny suaugusiyjy biopsichosocialinés gerovés parametrus,
3. Nustatyti sgsajas tarp biopsichosocialinés gerovés parametry ir loka-

laus GM lauko kitimy Lietuvoje.

TYRIMO METODIKA IR TIRIAMIEJI

Konsultuojantis su HeartMath instituto mokslo centru ir ieSkant optima-
laus tyrimo dizaino, buvo suplanuoti du tyrimo etapai. Juos aprasant, toliau
jie busvadinami 1 tyrimuir 2 tyrimu.

1 tyrimui buvo atrinkta 20 tiriamyjy. Tyrimo tikslas buvo jvertinti
sinchronizacija tarp tiriamujy $irdies daznio (SD) variabilumo ir magnetinio
lauko kitimy. Véliau Sie duomenys buvo panaudoti tam, kad sukonstruoti tarp
tiriamyjy klasterius pagal jy SD variabilumo sinchronizacija su GM lauku,
bei iStirti, ar emociné biisena gali turéti Siai sinchronizacijai reikSmés. Tiria-
myjy amziaus vidurkis (st. nuokr.) buvo 23.3 (0,6). Vis dalyviai buvo LSMU
medicinos studentai. Tiriamiesiems dvi savaites i§ eilés ambulatoriskai 24
valandas per para buvo matuojamas juy SD, pasitelkiant SD matuoklius. Taip
pat tiriamieji kasdien turéjo pazyméti, ar kazkuris kitas jy grupés narys ta
diena turéjo jiems teigiama arba neigiama poveikj. Tyrimo laikotarpio vidury-
je visai tirilamyjy grupei buvo pravesta 15-os minuciy relaksacija, siekiant
istirti, ar emocinés biisenos subalansavimas gali turéti jtakos jy SD sinchro-
nizacijai su magnetinio lauko kitimais.

2 tyrimas buvo atliktas penkiais srautais 2016 m. kovo-spalio ménesiais.
Kiekvieno srauto tyrimas vyko po dvi savaites i$ eilés. Tyrimo dalyviai buvo
pasirinkti patogiosios atrankos buidu, bendradarbiaujant su jvairiy organi-
zacijy atstovais, sutikusiais suburti grupe tyrime sutinkanciy dalyvauti
asmeny. Susitikus su kiekviena grupe, buvo kiekvienam dalyviui asmeniskai
iteikiamas vokas su tyrimo anketomis. Tiriamiesiems buvo paaiSkinamas
tyrimo tikslas, eiga bei galimybé bet kuriuo metu nutraukti tyrimg ir jame
nebedal yvauti. Pasirinktatirti 18-39 mety amziaus suaugusiuosius. Atrenkant
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grupes, buvo jvardintas amziaus kriterijus. Anketos, kuriose buvo nurodytas
Siam tyrimui netinkantis amzius, buvo nejtrauktos j tolimesn¢ duomeny
analize. IS viso 1 galuting tyrimo duomeny analize buvo jtrauktos 264-iy
tiriamyjy anketos. Tyrime dalyvavo 79 vyrai (30 proc.) ir 184 moterys
(70 proc.). Tiriamyjy amziaus vidurkis (st. nuokr.) — 26 metai (6,37).

I nstrumentai

1 tyrimo metu SD matuokliais buvo matuojamas dalyviy SD. Tai
neinvaziné matavimo priemoné, atspindinti autonominés nervy sistemos
aktyvuma ir dinamika. SD matuoklis i§ elektrokardiogramos, registruojamos
1000 Hz daznyje, apskaiciuoja RR intervalus (laiko intervalus tarp dviejy i8
eilés einanciy Sirdies plakimy). Vadovaujantis Europos kardiology asocia-
cijos standartais, kiekvienos dienos jrasai buvo apdoroti i$ eilés einanciais 5-
iy minuciy segmentais.

Tyrimo eigos viduryje tiriamiesiems buvo pravesta Heart Lock-In®
relaksaciné technika. Pristatyta 1992 m., §i technika skirta vystyti gebéjima
palaikyti nuoSirdziai teigiamas emocijas. Heart Lock-In laikoma emocijy
perstruktiiravimo technika, kuri gali veiksmingai padéti palengvinti susikau-
pusj stresg ir neigiamus jausmus. Paprastai po Sios technikos atlikimo apninka
ramybés, harmonijos ir vidinés Silumos jausmas, be to, jrodyta, jog ji padidina
Sirdies ritmo darng.

Lokalaus GM lauko poky¢iai ir jy intensyvumas 1 ir 2 tyrimy metu buvo
matuojami pasitelkiant instaliuotg Lietuvoje magnetometrg, Kkuris yra
globalaus steb¢jimo tinklo dalis [109]. Du GM lauko detektoriai (Zonge
Engineering ANT-4) yra nustatyti Siaurés-piety ir ryty-vakary asimis (1 pT
jautrumu) ir geba fiksuoti pokyc¢ius gana pla¢iame dazniy diapazone — 0,01—
65 Hz.

2 tyrimo dalyviai dvi savaites i eilés pilde SF-12® klausimyna, kurj
sudaro 12 klausimy, vertinanciy astuonias gyvenimo sritis: fizinj aktyvuma,
veiklos apribojimg dél fiziniy ir emociniy problemy, skausma, bendrg sveika-
tos vertinima, energingumg ir gyvybinguma, socialinius rySius bei emocine
biikle. Sios astuonios sritys galiausiai suvedamos j dvi sveikatos kategorijas —
fizing ir psichikos.

Salia SF-12 klausimyno, dalyviams taip pat buvo pateikti 4 papildomi
klausimai, kurie vertino tiriamyjy pozitrj j jy fizinj bei emocinj gyvybingu-
mg, socialinj bendravima bei bendra gerove.
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Duomeny analizé

1 tyrimas. SD sinchronizacijai su lokalaus GM lauko kitimais apskai-
Ciuoti buvo pasitelkiami matematiniai algoritmai, kuriy panaudojimas ir
validavimas apraSyti [174].

Klasteriy pagal tiriamyjy SD sinchronizacija su GM lauku tiriamyjy
grupés viduje identifikavimui buvo atlikta 3.3 skyriuje matematiskai aprasyta
trijy Zingsniy procediira.

2 tyrimo duomenys buvo apdorojami ir tikrinami dél netikslumy ir klaidy
su MS Excel 2007 programa. Duomeny analizé buvo atliekama pasitelkiant
IBM SPSS 23,0 versijos statistinj programinj paketa. ReikSmingumo lygmuo
pasirinktas p<0,05. Kadangi bevelk visaisatvejais gautos reikSmingos sgsajos
koreliacinéje analizéje buvo zemiau 0,20, tai vertinant rezultatus, atsizvelgta
buvo tik i tuos koreliacijy koeficientus ir Siek tiek stipresniais buvo
interpretuojami tie, kurie sieké 0,10 ir daugiau. Sickiant jvertinti galimus
poveikius, pasireiskiancius ne tik tuo paciu duotuoju metu, bet ir po kurio
laiko, j analiz¢ buvo jtraukti GM lauko stiprumo matavimai su 12, 24, 36 ir
48 valandy velavimu, t. y., analizuotos sgsajos tarp sveikatos ir geroveés rodik-
liy su GM lauko rodikliais tuo pa¢iu metu, taip pat su GM lauko rodikliais po
12, 24, 36 ir 48 valandy. Siekiant jvertinti GM lauko s3saja su analizuotais
gerovés bei sveikatos rodikliais, taip pat buvo atlikta ir daugiamaté logistiné
regresiné analizé.

REZULTATAI

1. Lokalaus GM lauko kitimy parametrai Lietuvoje.

Vertinant GM lauko dinamikg nuo 2014 m. iki 2020 m. kovo ménesio,
paaiskejo, jog iki pat 2016 m. kasmetinis GM lauko stiprumas mazéjo, tuo
tarpu nuo 2017 m. pradéjo ryskiai kilti (1 pav.).
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Geomagnetinio lauko stiprumas, pT

(. T |
e, ‘1- "—l- '7:- ]
e w'ﬁ“'f' = ?,N’:'b $ © \g.'ﬁ’ & \‘g b‘-?‘?‘;_ = “Q& &\,@. H

—a— 2014 m. ménesiny \-ldmklal —a— 2018 m. menesiy vidurkiai

—a— 2015 m. ménesiy vidurkiai  —e— 2019 m. ménesiy vidurkiai
2016 oL menesiy vidurkiar  =e= 2020 m, ménesiy vidurkian
2017 m. meénesiu vidorkiai

1 pav. GM lauko dinamika nuo 2014 m. birzelio mén. iki 2020 m. kovo mén.

Didziausias GM lauko intensyvumas 2016 metais buvo uzfiksuotas pir-
maja rugpjiicio savaite, o silpniausias intensyvumas —antraja lapkricio savaite
(2 pav.).
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2 pav. Lokalaus GM lauko stiprumas savaitemis, 2016 m.
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Vertinant GM lauko dinamikg savaités dienomis, paaiskéjo, jog savaités
pradzioje stiprumas pasiekia pika, tuomet nuo antradienio iki SeStadienio
pastebima stiprumo mazéjimo tendencija, o sekmadienj vél stebimas kilimas
aukstyn.

2. Biopsichosocialinés gerovés parametrai.

1 tyrimo dalyviams dvi savaites matavus jy SD ir apzvelgus abiejy
savaiCiy visy tiriamyjy duomenis, paaisSkéjo, jog dalyviy RR intervalai
pasiskirsté nuo 584,77 iki 1014,80 ms.

2 tyrimo metu iSanalizavus tiriamyjy biopsichosocialinés gerovés ir
sveikatos parametrus paaiskéjo, jog tyrimo dalyviy fizinés sveikatos baly
vidurkial, vertinant juos SF-12 instrumentu, buvo Siek tiek auks¢iau popu-
liacinio vidurkio, o psichikos sveikata — Sick tiek Zemiau vidurkio, tad tai
reiSkia, jog tiriamyjy fizin¢ sveikata buvo vertinta kaip geresné¢ negu psi-
chikos. Kiti keturi klausimai buvo vertinti auk$¢iau vidutinio jvertinimo, o
socialinio bendravimo vidurkis buvo auksc¢iausias i§ minéty keturiy klausimy,
tuo tarpu fizinio gyvybingumo — Zemiausias.

Lyc¢iy analizé atskleidé statistiskai reikSmingus skirtumus, vertinant
penkis i$ Sesiy analizuoty rodikliy: fizinio ir emocinio gyvybingumo, bendros
geroves, SF fizinés bei SF psichikos sveikatos geresni jvertinimai rasti tarp
vyry (p<0,05) (1 lentelé).

1 lentelé. Biopsichosocialinés gerovés ir sveikatos rodikliai pagal Iyt

Rodiklis Vyrai Moterys t p
Fizinis gyvybingumas 364+106 | 340+1,12 5,88 <0,001
Emocinis gyvybingumas 3,73+1,06 | 357+1,08 391 <0,001
Socialinis bendravimas 392+1,04 | 3,87 1,07 1,37 0,172
Bendra gerové 383+1,13 | 365+ 1,13 4,45 <0,001
SF-12 fiziné sveikata 545+6,1 | 533+74 4,70 <0,001
SF-12 psichikos sveikata 46,1+ 10,1 | 44,2+ 10,6 5,20 <0,001

Pastaba: paryskinta reiskia p<0,05.

Vertinant skirtumus tarp amziaus grupiy, atsiskleidé, jog vyresni
tiriamigji (30-39 m.) geriau jvertino visus analizuotus, i§skyrus SF fizinés
sveikatos, rodiklius negu jaunesni tiriamigji (p<0,05) (2 lentelé).
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2 lentelé. Biopsichosocialinés geroveés ir sveikatos rodikliai pagal amziy

Rodiklis 19-29 metai | 30-39 metai t p
Fizinis gyvybingumas 340+111 3,65+ 1,06 —6,18 <0,001
Emocinis gyvybingumas | 3,55+ 1,09 3,80+ 1,02 —6,47 <0,001
Socialinis bendravimas 384+1,08 | 4,00+0,99 —4,09 <0,001
Bendra gerové 3,60+ 1,15 3,97+ 1,03 -9,23 <0,001
SF-12 fiziné sveikata 535+7,.2 53,9+ 6,5 -1,62 0,104
SF-12 psichikos sveikata | 44,0 + 10,7 46,8+ 9,4 —7,60 <0,001

Pastaba: paryskinta reiskia p<0,05.

Analizuojant ly¢iy skirtumus skirtingose amziaus grupése, paaiskéjo, jog
vyresni vyrai (30—-39 m.) visus $esis analizuotus rodiklius jvertino geriau negu
jaunesni vyrai (19-29 m.) bei negu to paties amziaus moterys (p<0,05).

3. Biopsichosocialinés gerovés sasajos su lokalaus GM lauko

kitimais Lietuvoje.

1 tyrimas.

Vertinant relaksacinés technikos poveikj SD sinchronizacijai su GM
lauko kitimais, paaiskéjo, jog tiriamyjy SD sinchronizacija su GM lauku buvo
didziausia butent ta dieng, per kurig buvo pravesta relaksaciné technika
(3 pav.).
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3 pav. D ir GM lauko sinchronizacijos koreliacija
kiekvieng tyrimo dieng (n=20)

| dentifikuojant klasterius tarp visos tiriamyjy grupés nariy (n=20) pagal jy SD
sinchronizacijag su GM lauku, buvo sukonstruota dendrograma (4 pav.) —
vaizdinis geometrinés sinchronizacijos atvaizdavimas. X aSyje atvaizduojami
tiriamigji (sunumeruoti nuo 1 iki 20). IssiSakojimy aukstis proporcingas
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Euklidiniam atstumui tarp SD ir GM lauko sinchronizacijos atitinkamiems
tiriamiesiems.
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4 pav. Dendrograma pagal tiriamyjy SD sinchronizacijq su GM lauku

Kaip matyti i§ dendogramos, tiriamieji Nr. 7 ir 20 yra aréiausi (arba
labiausiai panasiis) pagal jy SD sinchronizacija su GM lauko kitimais.

2 tyrimas.

Koreliaciné duomeny analizé atskleidé, jog bent kiek stipresnés (>0,10)
koreliacijos iSrySkéjo vertinant GM lauko sasajas su psichikos sveikata
(SF-12 instrumentas) zemiausiuose trijuose dazniuose (0-3,5 Hz, 3,5-7 Hz ir
7-15 Hz), ir butent su 12 ir 36 valandy atsilikimo intervalais. Pavasario
sezono metu, bent kiek stipresnés (>0,10) koreliacijos iSryskéjo Zzemiausiuose
trijuose dazniuose (0-3,5Hz, 3,5-7 Hz ir 7-15 Hz), ir bitent vertinant psi-
chikos sveikatg su 12 ir 36 valandy atsilikimo intervalais. Rudens sezono
metu koreliacijos iSryskéjo aukSciausiame daznyje (32—66 Hz), taciau tik
keturios i§ visy reik§mingy koreliacijy pasieké 0,10 stiprumo riba. Sios
stipresnés koreliacijos iSrySkéjo vertinant fizine sveikatg bei bendra gerove
su 24 ir 48 valandy atsilikimu.

Vertinant /yciy skirtumus, paaiskéjo, jog vyry grupéje bent kek stipresnés
(>0,10) koreliacijos isryskéjo pirmuose keturiuose dazniuose (0—3,5 Hz, 3,5~
7 Hz, 7-15 Hz ir 15-32 Hz), vertinant psichikos sveikatg, emocin;j ir fizinj
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gyvybinguma su 12 ir 36 valandy atsilikimu. Tarp motery, nei viena i$ rasty
reikS§mingy koreliacijy nesieké 0,10 ribos.

Vertinant skirtumus tarp amziaus grupiy, atsiskleidé, jog jaunesniyjy
(19-29 m.) grupéje isrySkéjo tik trys koreliacijos aukséiau 0,10 stiprumo
ribos —vertinant psichikos sveikatg su 12 ir 36 valandy atsilikimu zemesniuo-
se dazniuose. Vyresniyjy grupéje (30—39 m.) stipresnés (>0,10) koreliacijos
iSrySkéjo pirmuose keturiuose dazniuose ir su 24 bei 48 valandy atsilikimo
intervalais. Taip pat pastebétina, jog Sioje grup¢je visos koreliacijos, pasie-
kusios 0,10 riba, buvo neigiamos.

Vertinant fizinio aktyvumo reikSme, paaiskéjo, jog reguliariai fizinj akty-
vumg praktikuojanciyjy grupéje beveik visos reik§mingos ir pasiekusios 0,10
stiprumg koreliacijos iSrySkéjo zemesniuose dazniuose vertinant psichikos
sveikatg su 12 ir 36 valandy atsilikimu. NeuZsiimanciy reguliaria fizine veikla
grupéje rasta tik viena reikSminga koreliacija, siekianti 0,10 stiprumo ribg —
vertinant psichikos sveikatg su 36 valandy atsilikimu Zemiausiame daznyje
(0-3,5Hz).

Daugiamaté regresiné analizé atskleidé, jog didesni geresnés psichikos
buikles (SF psichikos sveikatos rodiklis) Sansai pastebimi tarp vyry, vyresniy
bei fiziSkai aktyviy tiriamyjy, antrajj mety pusmetj, bei su 12 ir 36 valandy
atsilikimu. Taip pat nustatytas statistiskai reikSmingas GM lauko kitimy
poveikis psichikos sveikatai, taciau Sis poveikis neisliko, vertinant psichikos
sveikatg su 36 valandy atsilikimu. Didesni geresnés fizinés biiklés (SF fizinés
sveikatosrodiklis) sansai pastebimi tarp vyresniy ir fiziskai aktyviy tiriamuyjy,
bei pirmajj mety pusmet]. Fizinei sveikatai magnetinio lauko kitimy poveikis
nenustatytas. Didesni geresnio fizinio gyvybingumo Sansai pastebéti tarp vyry
bei vyresniy tiriamyjy. GM lauko kitimai tur¢jo reikSmingg poveikj fiziniam
gyvybingumui tik Zemiausiame daznyje (0-3,5 Hz) ir tik su 12 valandy atsil-
ikimu. Didesni geresnio emocinio gyvybingumo Sansai pastebéti tarp vyres-
niy, tarp fiziskai aktyviy tiriamyjy. GM lauko poveikis Siam rodikliui nusta-
tytas tik 7-15 Hz daznyje. Didesni geresnio socialinio bendravimo Sansai
pastebéti tarp vyresniy, tarp fiziSkai aktyviy tiriamyjy, antrajj mety pusmetj.
GM lauko poveikis siam rodikliui nustatytas tik zemesniuose dazniuose.
Didesni geresnés bendros gerovés sansai pastebéti tarp vyresniy, tarp fiziskai
aktyviy tiriamyjy. Reik§mingas GM lauko kitimy poveikis Siam vertintam
Kriterijui nenustatytas.
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ISVADOS

1. Nuo 2014 m. iki pat 2016 m., kasmetinis geomagnetinio lauko stiprumo
vidurkis mazéjo. Nuo 2017 m. stiprumo vidurkis pradéjo kasmet zenkliai
kilti. Geomagnetinio lauko stiprumas pasiekia auks$¢iausig pikg vélyva
vasarg, o tuomet pradeda kristi iki Zemiausio stiprumo vélyva ruden;.

2. Tyrimo dalyviai savo fizine sveikatg vertino geriau negu psichikos svei-
kata. Vyrai bel vyresni tiriamigi (30-39 m.) savo psichikos sveikata,
fizinj bei emocinj gyvybinguma vertino statistiSkai reikSmingai geriau
negu moterys bei jaunesni (19-29 m.) tiriamigji.

3. Biopsichosocialinés gerovés bei sveikatos rodikliy ir lokalaus geomagne-
tinio lauko kitimy sasajy analiz¢ atskleidé:

Didesné vidiné zmogaus darna turi teigiamg poveikj sinchronizacijai
tarp Sirdies daznio ir geomagnetinio lauko kitimy;

Dviejy asmeny tarpusavio santykiy kokybé¢ turi sgsajy su jy Sirdies
daznio sinchronizacija su geomagnetinio lauko kitimais — kuo
pozityviai artimesnis jy santykis, tuo panasesné jy sinchronizacija;
Ryskiausi geomagnetinio lauko poveikiai atsiskleidé analizuojant
sasajas su 12 ir 36 valandy atsilikimo intervalais trijuose Zemiau-
siuose dazniuose (0-3,5 Hz, 3,5-7 Hz ir 7-15 Hz);

Pavasario sezonu rySkiausios geomagnetinio lauko stiprumo sasajos
su geroveir sveikataatsiskleidé trijuose Zemiausiuose dazniuose, tuo
tarpu rudenj —aukStesniuose dazniuose; pavasarj poveikiai iSryskéja
grei¢iau negu rudenj; psichikos sveikata labiau reaguoja j geomage-
tinio lauko stiprumg pavasarj, tuo tarpu fiziné sveikata ir bendra
gerové — rudenj; pavasar] moterys labiau reaguoja ] geomagnetinj
aktyvuma nei vyrai;

Jaunesni tiriamieji j lokalaus geomagnetinio lauko kitimus reaguoja
greiciau (per 12—36 valandas) negu vyresni; be to, jaunesniyjy gru-
péje sasajos buvo teigiamos, o vyresniyjy — neigiamos.

TYRIMO RIBOTUMAI, PRIVALUMAI
IR ATEITIESPERSPEKTYVOS

Ivertinus atlikto tyrimo daugialypius rezultatus, svarbu paminéti keleta
reik§mingy aspekty, kurie iSrySkéjo kaip misy tyrimo ribotumai ar/ir stipry-
bés, ir kurie gali pagelbéti planuojant panasaus pobiidZzio tyrimus ateityje:

Tyrime pasirinkta istirti 19-39 mety amziaus asmenis, o tai yra saly-
ginai jauna amziaus grupé. Tikétina, jog jtraukus ir vyresnius asme-
nis, asispindéty daugiau su sveikata ir gerove susijusiy veiksniy ir
poveikiy, todél galimai pasirinkta jauno amziaus imtis apribojo gali-
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mybe¢ gauti nuodugnesnius ir reikSmingesnius tyrimo rezultatus —
ateityje vertéty jtraukti platesng pagal amziy tiriamyjy grupe;

2 tyrimas vykdytas penkiais srautais 2016 m. kovo—spalio méne-
siais. Visais penkiais srautais buvo tirti skirtingi asmenys. Kadangi |
analiz¢ buvo jtrauktas ir sezoniSkumas, svarbu turéti omenyje, kad
lyginant skirtingus sezonus, tiriamigji taip pat buvo skirtingi, tad
grupés buvo nevienodos;

Kadangi sezoniSkumas paaiskéjo esantis reikSmingas faktorius, tai
ateityje atliekant tyrimus vertéty jtraukti ir ziemos ménesius, nes
atliktas tyrimas apémé laikotarpj nuo pavasario iki rudens vidurio;
Misy tyrimas apéme tiek objektyvius, tiek subjektyvius sveikatos ir
geroves vertinimus, o tai suteikia galimybe vertinti su sveikata susi-
jusius aspektus 1§ platesnés perspektyvos, negu kad apsiribojant vien
objektyviais matavimais;

Galiausiai, atliktame tyrime j analize buvo jtraukti poveikiai su
atsilikimo intervalais — po 12, 24, 36 ir 48 valandy. Taciau ateityje
taip pat vertéty analizuoti ir poveikius, pasireiskiancius pries, o ne
tik po GM lauko svyravimy.

116



10.

11.

12.

13.

14.

15.

16.

17.

18.

REFERENCES

Abbot A, Croudace T, Ploubidis G, Kuh D, Richards M, Huppert F. The relationship
between early personality and midlife psychological wellbeing: evidence from UK
birth cohort study. Soc Psychiatry Epidemiol 2008;43:679-687.

Adams T, Bezner J, Steinhartd M. The conceptualization and measurement of percei-
ved wellness: integrating balance across and within dimensions. Amer J Health
Promot 1997;11(3):208-218.

Agelink MW, Boz C, Ullrich H, Andrich J. Relationship between major depression
and heart rate variability. Clinical consequences and implications for antidepressive
treatment. Psychiatry Res 2002;113:139-149. doi: 10.1016/S0165-1781(02)00225-1.
Alabdulgader A, McCraty R, Atkinson M, Vainoras A, Berskiené K, Mauriciene V et
a. Human Heart rhythm sensitivity to earth local magnetic field fluctuations. J
Vibroeng 2015;17:3271-3278.

Alabdulgader AA. Coherence: a novel nonpharmacological modality for lowering
blood pressure in hypertensive patients. Glob Adv Health Med 2012;1:56-64. doi:
10.7453/gahmj.2012.1.2.011.

Antonovsky A. Health, stress and coping. San Francisco: Jossey-Bass; 1979.
Antonovsky A. The structure and properties of the sense of coherence scale. Soc Sci
Med 1993;36(6):725-733.

Baevsky RM, Petrov VM, Chernikova AG. Regulation of autonomic nervous system
in space and magnetic storms. Adv Space Res 1998;22(2):227-34.

Beaumont J. Measuring national well-being - older people and loneliness. Published
by the Office for National Statistics 2013. Available at: http://www.ons.gov.uk/ons/
dcpl71766_304939.pdf.

Bedell W, Kaszkin-Bettag M. Coherence and health care cost - RCA actuarial study:
a cost-effectiveness cohort study. Altern Ther Health Med 2010;16:26-31.

Beischer D. 1971. The null magnetic field as reference for the study of geomagnetic
directional effectsin animals and man. Ann N'Y Acad Sci 1973;188:324-330.

Belov DR, Kanunikov IE, Kiselev BV. Dependence of human EEG synchronization
on the geomagnetic activity on the day of experiment. Ross Fiziol Zh Im | M
Sechenova 1998;84(8):761-774.

Berkman LF, Glass T, Brissette I, Seeman TE. From socia integration to health:
Durkheim in the new millenium. Soc Sci Med 2000;51:843-57.

Berkman LF, Kawachi I, Glymour MM, editors. Social Epidemiology. 2nd ed.
Oxford, UK: Oxford University Press; 2014.

Berntson GG, Norman GJ, Hawley LC, Cacioppo JT. Cardiac autonomic balance
versus regulatory capacity. Psychophysiol 2008;45:643-652. doi: 10.1111/j.1469-
8986.2008.00652.

Biddle SJH. Emotion, mood and physical activity. In: Biddle SJH, Fox KR, Boutcher
SH, editors. Physical activity and psychologicalwell-being. London: Routledge; 2010.
p. 63-87.

Boehm JK, Kubzansky LD. The hearts content: the association between positive
psychological well-being and cardiovascular health. Psychol Bulletin 2012;138:655-
691.

Bohannon RW, Maljanian R, Landes M. Test-retest reliability of shortform (SF)-12
component scores of patients with stroke. Int J Rehabil Res 2004;27:149-50.

117



19.

20.

21.

22.

23.

24,

25,

26.

27.

28.

29.

30.

31

32.

33.

34.

35.
36.

37.

Borrell-Carrié F, Suchman AL, Epstein RM. The biopsychosocia moddl 25 years
later: Principles, practice, and scientific inquiry. Ann Fam Med 2004;2:576-82.
Breus TK, Baevskii RM, Chernikova AG. Effects of geomagnetic disturbances on
humans functional state in space flight. J Biomed Sci Eng 2012;5:341-355. doi:
10.4236/jbise.2012.56044.

Brissette |, Scheier MF, Carver CS. The role of optimism in socia network
development, coping, and psychological adjustment during alifetransition. JPersonal
Soc Psy 2012;82(1):102-111.

Camacho TC, Roberts RE, Lazarus NB, Kaplan GA, Cohen RD. Physical activity and
depression: Evidence from the Alameda County Study. Amer J Epidem 1991;134:
220-231.

Carney RM, Blumenthal JA, Stein PK, Watkins L, Catellier D, Berkman LF, et a.
Depression, heart rate variability, and acute myocardial infarction. Circulation 2001;
104:2024-2028. doi: 10.1161/hc4201.097834.

Cassel J. The contribution of the social environment to host resistance. Am J
Epidemiol 1976;104(2):107-23.

Cernin PA, Cresci K, Jankowski TB, Lichtenberg PA. Reliability and validity testing
of the short-form health survey in asample of community-dwelling African American
older adults. JNurs Meas 2010;18:49-59.

Chariyalertsak S, Wansom T, Kawichal S, RuangyuttikarnaC, Kemerer VF, Wu AW.
Reliability and validity of Tha versions of the MOS-HIV and SF-12 quality of life
questionnaires in people living with HIV/AIDS. Health Qual Life Outcomes 2011;
9:15.

Cheak-Zamora NC, Wyrwich KW, McBride TD. Reliability and validity of the SF-
12v2 in the medical expenditure panel survey. Qual Life Res2009;18:727-735.
Cherry, N. Schumann Resonances, a plausible biophysical mechanism for the human
health effects of Solar/Geomagnetic Activity. Natural Hazards 2002;26:279-331.
ChidaY, Steptoe A. Positive Psychological Well-Being and Mortality: A Quantitative
Review of Prospective Observational Studies. Psychosom Med 2008;70(7):741-756.
Christelis D, Dobrescu LI. The impact of socia activities on cognitive ageing:
evidence from eleven european countries. CSEF Working paper 320, Centre for
Studies in Economics and Finance (CSEF), University of Naples, Italy 2012.

Cohen H, Benjamin J. Power spectrum analysis and cardiovascular morbidity in
anxiety disorders. Auton Neurosci 2006;128:1-8. doi: 10.1016/j.autneu.2005.06.007.
Collingwood J. Y our Sense of Coherence. Psych Central 2018. Accessed on April 23,
2019, at: https://psychcentral.com/lib/your-sense-of-coherence/.

Cornélissen G, Halberg F, Breus T, Syutkina EV, Baevsky R, Weydahl A, et a. Non-
photic solar associations of heart rate variability and myocardia infarction. J Atmos
Sol-Terr Phy 2002;64(5-6):707-720.

Coverman S. Role overload, role conflict, and stress: Addressing consequences of
multiple role demands. Soc Forces 1989;67(4):965-982.

Cowie M. Essentials of heart failure. Wiley: Blackwell; 2013.

Daukantaité D, Zukauskiene R. Optimism and Subjective Well-Being: Affectivity
Plays a Secondary Role in the Relationship Between Optimism and Global Life
Satisfaction in the Middle-Aged Women. Longitudinal and Cross-Cultural Findings.
Jof Happ Stud 2011;13(1):1-16.

Deeming C. Addressing the Social Determinants of Subjective Wellbeing: The Latest
Challenge for Social Policy? J Soc Pol 2013;42(3):541-565. doi: 10.1017/
S0047279413000202.

118



38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

Dekker JM, Schouten EG, Klootwijk P, Pool J, Swenne CA, Kromhout D. Heart rate
variability from short electrocardiographic recordings predicts mortality from all
causes in middle-aged and elderly men. The Zutphen Study. Am J Epidemiol
1997;145:899-908. doi: 10.1093/oxfordjournals.gje.a009049.

Deyhle A. Influence of Geomagnetism and Schumann Resonances on Human Health
and Behavior. 2009. Available at: https://www.heartmath.org/gci-commentaries/
i nfluence-of -geomagneti sm-and-schumann-resonances-on-human-health-and-behavior/.
Dimitrova S, Angelov |, Petrova E. Solar and geomagnetic activity effects on heart
rate variability. Natural hazards 2013;69:25-37.

Dimitrova S, Stoilova I, Cholakov I. Influence of Local Geomagnetic Storms on
Arteria Blood Pressure. Bioelectromagnetics 2004;25:408-414.

Doronin VN, Parfentev VA, Tleulin SZ, Namvar RA, Somsikov VM, Drobzhev VI,
et a. Effect of variations of the geomagnetic field and solar activity on human
physiological indicators. Biofizika 1998;43:647-653.

Ellen B. Loneliness is one thing. A happy loner quite another. The Guardian 2014.
Available at: http://mww.theguardian.com/commentisfree/2014/jun/22/britain-loneliness-
capital-isolation-being-alone.

Engel GL. The need for a new medical model: a challenge for biomedicine. Science
1977,;196:129-136.

Engelhardt H, Buber I, Skirbekk V, Prskawetz A. Social involvement, behavioral risks
and cognitive functioning among older people. Ageing Soc 2010;30:779-809.

Ertel S. Cosmophysical correlations of creative activity in cultural history. Biophysics
1998;43:696-702.

ES fizinio aktyvumo gairés. Rekomenduojami politiniai veiksmai, skirti remti
sveikatg gerinantj fizinj aktyvuma. Brussels: European Union; 2008. Available at:
http://ec.europa.eu/assets/eac/sport/library/policy documents/eu-physical-activity-
guidelines-2008_It.pdf.

European Social Survey: Round 6 Module on Persona and Social Wellbeing — Final
Module in Template. London: Centre for Comparative Social Surveys, City
University London; 2013. Available at:https://www.europeansocial survey.org/docs/
round6/questionnaire/ESS6_final_personal_and_social_well_being_module_templat
e.pdf.

Fathi M, Ajamnezhad R, Khakrangin M. Factors related to teachers social health in
Maragheh. Scientific Research Quartely of Social Welfare 2010;12(47):225-243.
Freund F, Stolc V. Nature of pre-earthquake phenomena and their effects on living
organisms. Animals 2013;3:513-531.

Gatatilinas A. Subjektyviosios gerovés savokos struktiiros taikymo empiriniuose
tyrimuose rezultaty nuoseklumas. In; Matulionis AV, editor. Filosofija. Sociologija.
23(4). Vilnius: Lietuvos moksly akademija; 2012. p. 246-255.

Gevirtz R. The promise of heart rate variability biofeedback: evidence based
applications. Biofeedback 2013;41:110-120. doi: 10.5298/1081-5937-41.3.01.
Giardino ND, Chan L, Borson S. Combined heart rate variability and pulse oximetry
biofeedback for chronic obstructive pulmonary disease: a feasibility study. Appl
Psychophysiol Biofeedback 2004;29: 121-133. doi: 10.1023/B:APBI.0000026638.
64386.89.

Ginsberg JP, Berry ME, Powell DA. Cardiac coherence and posttraumatic stress
disorder in combat veterans. Altern Ther Health Med 2010;16(4):52-60.

119



55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Globa action plan on physical activity 2018-2030: more active people for a healthier
world. Geneva: World Health Organization; 2018. Available at: https://apps.who.int/
irig/bitstream/handle/10665/272722/9789241514187-eng.pdf.

Grigoryev P, Rozanov V, Vaiserman A, Vladimirskyi B. Heliogeophysical factors as
possible triggers of suicide terroristic acts. Health 2009;1(4):294-297.

Gurfinkel Y1, At'’kov OY, Vasin AL, Breus TK, Sasonko ML, Pishchalnikov RY.
Effect of zero magnetic field on cardiovascular system and microcirculation. Life Sci
Space Res 2016;8:1-7.

Halberg F, Cornelissen G, McCraty R, Al-Abdulgader AA. Time Structures
(Chronomes) of the Blood Circulation, Populations' Health, Human Affairsand Space
Weather. W Heart J 2011;3:1-40.

Han WJ, Shibusawa T. Trajectory of physical health, cognitive status, and psycholo-
gical well-being among Chinese elderly. Arch Gerontol Geriatr 2015;60:168-177.
Hardell L. World Health Organisation, radiofrequency radiation and health — a hard
nut to crack (Review). Int J Oncol 2017;51:405-413.

Hawkley LC, Capitanio JP. Perceived socia isolation, evolutionary fitness and health
outcomes: alifespan approach. Philos Trans R Soc B 2015;370:20140114.

Hawkley LC, Thisted CM, Cacioppo JT. Loneliness predicts increased blood
pressure; 5-year cross-lagged analyses in middle-aged and older adults. Psychol
Aging 2010;25(1):132-141.

Hill AB. The environment and disease: association or causation? Proc R Soc Med
1965;58:295-300.

Holt-Lunstad J, Smith TB, Layton JB. Socia relationships and mortality risk: A meta-
analytic review. PLo S Med 2010;7(7):€1000316.

Hon EH, Lee ST. Electronic evaluation of the fetal heart rate. V111. Patterns preceding
fetal death, further observations. Am J Obstet Gynecol 1963;87:814-826.

Huo T, Guo Y, Shenkman E, Muller K. Assessing the reliability of the short form 12
(SF-12) health survey in adults with mental health conditions: a report from the
wellness incentive and navigation (WIN) study. Health and Quality of Life Outcomes
2018;16:34.

Huppert FA, Abbot RA, Ploubidis GB, Richards M, Kuh D. Parental practices predict
psychological well-being in midlife: life-course associations among women in the
1946 British birth cohort. Psychol Med 2010;40:1507-1518.

Huppert FA, So T. What percentage of people in Europe are flourishing and what
characterises them? Briefing document for the OECD/ISQOLS meeting Measuring
subjective well-being: an opportunity for NSOs? 2009; 23/24 July, Florence, Italy.
Huppert FA. Psychological well-being: evidence regarding its causes and consequen-
ces. App Psychol Health Well-being 2009;1:137-164.

Huss A, Peters S, Vermeulen R. Occupational exposure to extremely low-frequency
magnetic fields and the risk of ALS: A systematic review and meta-analysis. Bio-
electromagnetics 2018;39:156-163.

Idler EL, Russel LB, Davis D. Survival, functional limitations, and self-rated health
in the NHANES | Epidemiologic Follow-up Study, 1992. First National Health and
Nutrition Examination Survey. Am J Epidemiol 2000;152(9):874-883.

International Health Conference. Constitution of the World Health Organization,
1948. Bull World Health Organ 2002;80(12):983-984. Available at: https://apps.who.
int/iris’handle/10665/268688.

Iwasaki Y, Zuzanek J, Mannell RC. The effects of physicaly active leisure on stress-
health relationships. Can J Pub Health 2011;92:214-218.

120



74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

Jancke L, Mérillat S, Liem F, Hanggi J. Brain size, sex, and the aging brain. Hum
Brain Mapp 2015;36(1):150-169. doi: 10.1002/hbm.22619.

Jarusevicius G, Rugelis T, McCraty R, Landauskas M, Berskiené K, Vainoras A.
Correlation between Changes in Local Earth's Magnetic Field and Cases of Acute
Myocardia Infarction. Int J Environ Res Public Health 2018;15:399. doi:10.3390/
ijerph15030399.

Jeffrey K, Abdallah S, Quick A. Europeans Personal and Social Wellbeing: Topline
Results from Round 6 of the European Social Survey. London: Centre for Compa-
rative Social Surveys, City University London; 2015. Available at: https.//www.
europeansociasurvey.org/docs/findings/ESS6_toplines issue 5 personal_and socia
I_wellbeing.pdf.

John PD, Montgomery PR. Marital status, partner satisfaction, and depressive
symptomsin older men and women. Can J Psychiatry 2009;54:487-492.

Kaliatkaité J, Bulotaité L. Gerovés samprata sveikatos moksluose ir psichologijoje:
tyrimai, problemos ir galimybés. Visuomenés sveikata 2014;1(64):9-24.

Kaplan G, Baron-Epel O. What lies behind the subjective evaluation of health status?
Soc Sci Med 2003;56(8):1669-1676.

Karasawa M, Curhan KB, Markus HR, Kitayama SS, Love GD, Radler BT, et al.
Cultural perspectives on aging and well-being: a comparison of Japan and the United
States. Int JAging Hym Dev 2011;73:73-98.

Kawachi I, Berkman LF. Socia Ties and Mental Health. J Urban Health 2001;
78(3):458-467.

Kending H, Browning CJ, Thomas SA, Wells Y. Hedlth, lifestyle, and gender infuen-
ceson aging well: an Australian longitudinal analysisto guide health promotion. Front
Public Health 2014;2:70. doi: 10.3389/fpubh.2014.00070.

Key terms and definitions in mental health. Copenhagen: WHO Regiona Office for
Europe; 2016. Availableat: http://www.euro.who.int/en/heal th-topi cs/noncommunicable-
diseases/mental -heal th/key-terms-and-definitions-in-mental -heal th#heal th.

Keyes CLM, Lopez S. Toward a science of mental health: Positive directions in
diagnosis and interventions. In: Snyder CR, Lopez S, editors. Handbook of Positive
Psychology. New Y ork: Oxford University Press; 2002. p. 45-59.

Khabarova O, Dimitrova S. On the nature of peopl€'s reaction to space weather and
meteorological weather changes. Sun and Geosphere 2009;4:60-71.

Khorseva N. Using psychophysiological indices to estimate the effect of cosmophy-
sical factors (Review). Izvestiya, Atmospheric and Oceanic Physics 2013;49:839-852.
Kitaev NN, Parkhomov VA. About possible correlation of actions of serial sexual
maniacs with the heliogeophysical factors. Bull. IGEA 2001;3(28):49-57.

Kivits J, Erpelding ML, Guillemin F. Social determinants of health-related quality of
life. Rev Epidemiol Sante Publique 2013;61(3):S189-S194. doi: 10.1016/j.respe.
2013.06.001.

Konig HL, Kriger AP, Lang S, Sonning W. Biologic Effects of Environmental
Electromagnetism. New Y ork: Springer-Verlag; 1981.

Kranciukaité D, Rastenyté D, Juréniené K. Kauno populiacijos gyvenimo kokybés
vertinimas naudojant SF-12 klausimyna. Medicina (Kaunas) 2007;43(6):501-507.
Kusnanto H, Agustian D, Hilmanto D. Biopsychosocial model of illnessesin primary
care: A hermeneutic literature review. J Family Med Prim Care 2018;7(3):497-500.
doi: 10.4103/jfmpc.jfmpc_145 17.

Larson JS. The World Heath Organization's definition of health: Social versus
spiritual health. Soc Indic Res 1996;38(2):181-192.

121



93.

94,

95,

96.

97.

98.

99,

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Lawlor DA, Hopker SW. The effectiveness of exercise as an intervention in the
management of depression: systematic review and metaregression analysis of
randomised controlled trials. Brit Med J 2011;322:1-8.

Lehrer PM, Karavidas MK, Lu SE, Feldman J, Kranitz L, Abraham S, et a.
Psychological treatment of comorbid asthma and panic disorder: a pilot study. J
Anxiety Disord 2008;22:671-683. doi: 10.1016/j.janxdis.2007.07.001.

Lehrer PM, Vaschillo E, Vaschillo B, Lu SE, Eckberg DL, Edelberg R, et a. Heart
rate variability biofeedback increases baroreflex gain and peak expiratory flow.
Psychosom Med 2003;65:796-805. doi: 10.1097/01.PSY .0000089200.81962.19.
Lehrer PM, Vaschillo E, Vaschillo B, Lu SE, ScardellaA, Siddique M, et a. Biofeed-
back treatment for asthma. Chest 2004;126:352-361. doi: 10.1378/chest.126.2.352.
Lehrer PM. How does heart rate variability biofeedback work? Resonance, the
baroreflex, and other mechanisms. Biofeedback 2013;41:26-31.

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

Lin XJ, Lin IM, Fan SY. Methodological issues in measuring health-related quality
of life. Tzu Chi Medical Journal 2013;25(1):8-12.

Lindstrém B, Eriksson M. From health education to healthy learning: Implementing
salutogenesis in educational science. Scandinavian Journal of Public Health
2011;39(Suppl 6):85-92.

siyjy psichologinés gerovés sasajos su socialiniais ir demografiniais kintamaisiais.
Tiltai 2012;3:35-53.

Marmot MG. Status syndrome: A challenge to medicine. JAMA 2006;295(11):1304-
1307.

Masi CM, Hsi-Yuan C, Hawkley LC, Cacioppo JT. A meta-analysis of interventions
to reduce loneliness. Pers Soc Pyschol Rev 2011;15(3):219-266.

McCraty R, Atkinson M, Stolc V, Alabdulgader AA, Vainoras A, Ragulskis M.
Synchronization of Human Autonomic Nervous System Rhythms with Geomagnetic
Activity in Human Subjects. Int J Environ Res Public Health 2017;14(770):1-18.
doi:10.3390/ijerph14070770.

McCraty R, Atkinson M, Timofgjeva I, Joffe R, Vainoras A, Landauskas M,
Alabdulgader AA, Ragulskis M. The influence of heart coherence on synchronization
between human heart rate variability and geomagnetic activity. JComplex Health Sci
2018;1(2):42-48. doi: https://doi.org/10.21595/chs.2018.20480.

McCraty R, Atkinson M, Tomasino D. Impact of a workplace stress reduction
program on blood pressure and emotional health in hypertensive employees. J Altern
Complement Med 2003;9:355-369. doi: 10.1089/107555303765551589.

McCraty R, Childre D. Coherence: bridging personal, social and global health. Altern
Ther Health Med 2010;16:10-24.

McCraty R, Deyhle A, Childe D. The Global Coherence Initiative: Creating a
Coherent Planetary Standing Wave. Glob Adv Health Med 2012;1(1):64-77.
McCraty R, Deyhle A. Biophysics of Earthing (Grounding) the Human Body. In:
Rosch PJ, editor. Bioelectromagnetic and Subtle Energy Medicine. 2nd ed. Oakville:
CRC Press; 2014. p. 411-425.

McCraty R, Moor S, Goelitz J, Lance SW. Transforming Stress for Teens: The
HeartMath Solution for Staying Cool Under Pressure. New Harbinger; 2016.
McCraty R. Science of the Heart. Exploring the Role of the Heart in Human
Performance. Heart Math Institute, USA: Vol. 2, 2015.

122



112.

113.

114.

115.

116.

117.

118.

119.

120.

121,

122.

123.

124.

125.

126.

127.

128.

129.

McCraty R, Shaffer F. Heart Rate Variability: New Perspectives on Physiological
Mechanisms, Assessment of Self-regulatory Capacity, and Health risk. Glob Adv
Health Med 2015;4(1):46-61. doi: 10.7453/gahmj.2014.073.

McCraty R, Tomasino D. Emotional stress, positive emotions, and psychophysiolo-
gica coherence. In: Arnetz BB, Ekman R, editors. Stress in health and disease.
Weinheim, Germany: Wiley-V CH; 2006. p. 360-383.

McCraty R, Zayas MA. Cardiac coherence, self-regulation, autonomic stability, and
psychosocia well-being. Front Psychol 2014;29(5):1090. doi: 10.3389/fpsyg.2014.
01090.

McGee H, Morgan K, Hickey A, Burke H, Savva G. Quality of life and beliefs about
ageing. In: Barrett A, Savva G, Timonen V, Kenny RA, editors. Fifty plusin Ireland
2011: First results from The Irish Longitudinal Study on Ageing (TILDA). Dublin:
RSCI;2011. p. 265-293.

McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M, Dickstein K, et al.
ESC committee for practive guidelines. ESC guidelines for the diagnosis and
treatment of acute and chronic heart failure. Eur Heart J 2012;33(14):1787-1847.
Meltzer H, Bebbington P, Dennis MS, Jenkins R, McManus S, Brugha TS. Feelings
of loneliness among adults with mental disorder. Soc Psychiatry Psychiatr Epidemiol
2013;48(1):5-13. doi: 10.1007/500127-012-0515-8.

Menec VH, Chipperfield JG. A prospective analysis of the relation between self-rated
health and health care use among elderly Canadians. Can J Aging 2001;20(3):293-
306.

Mental health action plan 2013-2020. Geneva: World Heath Organization; 2013.
Available at: https://www.who.int/mental_health/action_plan_2013/bw_version.pdf?
ua=1.

Mental health policy and service guidance package: child and adolescent mental
health policies and plans. Geneva: World Health Organization; 2005. Available at:
http://www.who.int/mental _health/policy/Childado_mh_modul e.pdf.

Mental health: strengthening our response. Geneva: World Health Organization;
2016. Available at: http://www.who.int/mediacentre/factsheets/fs220/en/.

Mikulecky M. Solar activity, revolutions and cultural primein the history of mankind.
Neuroendocrinology Letters 2007;28:749-756.

Miroshnichenko LI. Solar cosmic rays. Berlin: Astrophysics and Space Science
Library, Springer; 2001. p. 492.

Mittelmark MB, Sagy S, Eriksson M, Bauer GF, Pelikan JM, Lindstrom B, et al. The
Handbook of Salutogenesis. Cham (CH): Springer; 2017.

Miller ML. Social well-being: investigating the relation of social aspects to optical
functioning in society [Thesis]. Netherlands: Twente University; 2012.

Mutrie N. The relationship between physical activity and clinically defined
depression. In: Biddle SJH, Fox KR, Boutcher SH, editors. Physical activity and
psychological wellbeing. London: Routledge; 2000. p. 46-62.

National Oceanic and Atmospheric Administration. Accessed at: https://www.ngdc.
noaa.gov/stp/GEOMAG/kp_ap.html.

National Oceanic and Atmospheric Administration. Accessed at: https://www.ngdc.
noaa.gov/stp/solar/ssndata.html.

Nelson SK, Lyubomirsky S. Finding happiness. tailoring positive activities for
optimal well-being benefits. In: Tugade M, Shiota M, Kirby L, editors. Handbook of
positive emotions. New Y ork: Guilford Press; 2012. p. 275-293.

123



130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

146.

O'Connor PJ, Raglin JS, Martinsen EW. Physical activity, anxiety and anxiety
disorders. Int J Sport Psych 2010;31:136-155.

O'Luanaigh C, Lawlor BA. Loneliness and the health of older people. Int J Geriatr
Psychiatry 2008;23(12):1213-1221.

Palmer SJ, Rycroft MJ, Cermack M. Solar and geomagnetic activity, extremely low
frequency magnetic and electric fields and human health at the Earth’s surface. Surv
Geophys 2006;27:557-595. doi: 0.1007/s10712-006-9010-7.

Phillips KJH. Guide to the sun. Cambridge: Cambridge University Press; 1995. p.
400.

Physical activity, heath and well-being. Consensus statement. Res Q Exerc Sport
1995;66(4):v-viii. doi: 10.1080/02701367.1995.10607909.

Pobachenko SV, Kolesnik AG, Borodin AS, Kalyuzhin VV. The Contigency of
Parameters of Human Encephalograms and Schumann Resonance Electromagnetic
Fields Revedled in Monitoring Studies. Complex Systems Biophysics 2006;51(3):
480-483.

Preventing depression in the WHO European Region. Copenhagen: World Health
Organization; 2016. Available at: http://www.euro.who.int/ __data/assets/pdf file/
0003/325947/New-Preventing-depression.pdf 2ua=1.

Rastgoo L, Nazari J, Lotfzade A, Jahani S. Therelationship between social and mental
health with nurses job performance of hospitals of Ardebil. The first national
conference for nursing, psychology, health promotion and healthy environment.
Hamedan Association of Hegmataneh environmental assessment, Faculty of shahid
Mofate; 2014.

Ryff CD. Psychological well-being revisited: advances in the science and practice of
eudaimonia. Psychoterapy and Psychosomatics 2014;83(1):10-28.

Seevareid HI, Thygesen E, Nygaard HA, Lindstrom TC. Does sense of coherence
affect the relationship between self-rated health and health status in a sample of
community-dwelling frail elderly people? Aging and Mental Health 2007;11:658-
667.

Sagy S, Eriksson M, Braun-Lewensohn O. The salutogenic paradigm. In: Joseph S,
editor. Positive psychology in practice: Promoting human flourishing in work, health,
education, and everyday life. 2nd ed. New Y ork: Wiley; 2015. p. 61-80.

Salehi A, Marzban M, Sourosh M, Sharif F, Negjabat M, Imanieh MH. Social Well-
Being and Related Factors in Students of School of Nursing and Midwifery. Int J
Community Based Nurs Midwifery 2017;5(1):82-90.

Salyers MP, Bosworth HB, Swanson JW, Lamb-Pagone J, Osher FC. Reliability and
validity of the SF-12 health survey among people with severe mental illness. Med
Care 2000;38:1141-1150.

Santini ZI, Koyanagi A, Tyrovolas S, Mason C, Haro JM. The association between
social relationshipsand depression: asystematic review. JAffect Disord 2015;175:53-
65.

Sapagovas J, Vilkauskas L, Rasymas A, Saferis V. Informatikos ir matematinés
statistikos pradmenys. Kaunas: KMU; 2000. p. 23.

Saroka KS, Persingerb MA. Quantitative Evidence for Direct Effects Between
lonosphere Schumann Resonances and Human Cerebral Cortical Activity. Int Lett
Che Phys Astron 2014;39:166-194.

Schane RE, Walter LC, Dinno A, Covinsky KE, Woodruff PG. Prevalance and risk
factors for depressive symptoms in persons with chronic obstructive pulmonary
disease. J Gen Intern Med 2008;23:1757-1762.

124



147.

148.

149.

150.

151.

152.
153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Schumann WO, Kénig H. Uber die Beobactung von Atmospherics bei geringsten
Frequenzen. Naturwissenschaften 1954;41(8):183-184.

Seeman TE, Singer BH, Ryff CD, Dienberg LG, Levy-StormsL. Social relationships,
gender, and allostatic load across two age cohorts. Psychosom Med 2002;64(3):395-
406.

Seligman MEP, Csikszentmihalyi M. Positive psychology: An Intro-duction. Amer
Psychol 2000;55(1):5-14.

Shaffer F, McCraty R, Zerr CL. A hedlthy heart is not a metronome: An integrative
review of the heart’s anatomy and heart rate variability. Front Psychol 2014;5:1040.
Shapiro A, Keyes CLM. Marita status and social well-being: are the married always
better off? Soc Indic Rec 2008;88:329-346.

Sharkey BJ. Physiology of fitness. USA, Illinois: Human Kinetics Pub; 1990.
Shoorvazi M, Dalir Z, Atefi N, Tohidi S, Forouhari S. The relationship between socia
wellbeing and job satisfaction in nurses. Der Pharmacia Lettre 2016;8(19):410-416.
Shrivastava A, Mahgjary KK, KalraV, Negi KS. Effects of Electromagnetic Forces
of Earth on Human Biological System. Ind J Prev Soc Med 2009;40(3& 4):162-167.
Silinskas G, Zukauskien¢ R. Subjektyvios gerovés isgyvenimas ir su juo susije
veiksniai vyry imtyje. Psochologija 2014;30:47-58. doi: 10.15388/Psichol.2004.
4347.

SilvaPA. Individual and social determinants of self-rated health and well-being in the
elderly population of Portugal. Cad Saude Publica 2014;30:2387-2400.

Singh B, Kiran UV. Loneliness Among Elderly Women. Int J Humanities Soc Sci
Invention, 2013;2(2):10-14.

Smelyakov SV. Tchijevsky’ sDisclosure: How the Solar Cycles Modulate the History;
2006. Available from: http://www.astrotheos.com/Page5.htm.

Sneath PHA, Sokal RR. Numerical taxonomy. The principles and practice of nume-
rical classification. San Francisco, USA: W.H. Freeman and Company; 1973. p. 573.
Starbuck S, Cornélissen G, Halberg F. Is motivation influenced by geomagnetic
activity? Biomedicine & pharmacotherapy 2002;56:289-297.

Statistical Yearbook of Lithuania 2014. Accessed on September 8, 2015. Available
at: http://osp.stat.gov.It/services-portlet/pub-edition-file?1d=2910.

Steptoe A, Demakakos P, Oliveira C. The psychological well-being, health and
functioning of older peoplein England. In: Banks J, Nazroo J, Steptoe A, editors. The
Dynamics of Ageing. Evidence from the English Longitudinal Study of Ageing 2002-
2010. London: PurePrint Group; 2012. p. 98-182.

Stoupel E, Abramson E, Shapiro M. Monthly admissions for heart failure (HF) —
Environmental links. Health 2014;6:442-447.

Stoupel E, Babayev ES, Abramson E, Sulkes J. Days of “Zero” level geomagnetic
activity accompanied by the high neutron activity and dynamics of some medical
events — Antipodes to geomagnetic storms. Health 2013;5:855-861.

Stoupel E, Kalediene R, Petrauskiene J, Starkuviene S, Abramson E, Israelevich P, et
a. Twenty years study of solar, geomagnetic, cosmic ray activity links with monthly
deaths number (n-850304). J Biomed Science Engineer 2011;4:426-434.

Stoupel E, Petrauskiene J, Gabbay U, Kalediene R, Abramson E, Sulkes J. Circannual
rhythmicity of deaths distribution. Acta Medica Lithuanica 2001;6:37-42.

Stoupel E. Space Weather and Tachysystolic Sudden Cardiac Death (Scd) — Lessons
from Clinical Cosmobiology. Int JCar & Hear Heal 2017;1(1):1-09.

Stoupel E. The effect of geomagnetic activity on cardiovascular parameters. Biomed
& Pharmacother 2002;56:247s-256s.

125


http://www.astrotheos.com/Page5.htm
https://www.cabdirect.org/cabdirect/search/?q=lp%3a%22San+Francisco%2c+W.H.+Freeman+and+Company.%22

169.

170.

171.
172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

Stoupel EG, Wittenberg C, Zabludowski J, Boner G. Ambulatory blood pressure
monitoring in patients with hypertension on days of high and low geomagnetic
activity. JHum Hypertension 1995;9(4):293-294.

Svietimo problemos analizé. Jaunimo psichiné sveikata ir savizudybés. Lietuvos
Respublikos $vietimo, mokslo ir sporto ministerija 2013;2(88). Available at: http:/
www.nmva.smm.lt/wp-content/upl oads/2012/12/Jauni mo-psi chin%C4%97-
sveikata-ir-savi%C5%BEudyb%C4%97s.pdf.

Tchijevsky AL. Physical factors of the historical process. Cycles 1971;22:11-27.
Telesiené A. Asmeniné ir socialiné subjektyvi gerové Lietuvoje. In: Matulionis AV,
editor. Filosofija. Sociologija. 26(4). Vilnius: Lietuvos moksly akademija; 2015. p.
293-303.

Thayer JF, Hansen AL, Saus-Rose E, Johnsen BH. Heart rate variability, prefrontal
neural function, and cognitive performance: the neurovisceral integration perspective
on self-regulation, adaptation, and health. Ann Behav Med 2009;37:141-153. doi:
10.1007/s12160-009-9101-z.

Timofejeva |, McCraty R, Atkinson M, Joffe R, Vainoras A, Alabdulgader AA,
Ragulskis M. Identification of a Group’s Physiological Synchronization with Earth’s
Magnetic Field. Int J Environ Res Public Heath 2017;14:998. doi:10.3390/
ijerph14090998.

Tough H, Siegrist J, Fekete C. Social relationships, mental health and wellbeing in
physical disability: a systematic review. BMC Public Health 2017;17:414. doi:
10.1186/s12889-017-4308-6.

Trukhanov KA, Gurieva TS, Dadasheva OA. Influence of simulated hypo-magnetic
conditions of deep space on embryo development of the Japanese quail. Proceeding
of Annual Russian National Committee on Defense from lonizing Radiations 2012;
83-93.

Tsuji H, Venditti FJ Jr, Manders ES, Evans JC, Larson MG, Feldman CL, et al.
Reduced heart rate variability and mortality risk in an elderly cohort. The Framingham
Heart Study. Circulation 1994;90:878-883. doi: 10.1161/01.CIR.90.2.878.

Umberson D, Montez JK. Social relationships and health: a flashpoint forhealth
policy. JHealth Soc Behav 2010;51(Supp!):S54-66.

Umetani K, Singer DH, McCraty R, Atkinson M. Twenty-four hour time domain heart
rate variability and heart rate: relations to age and gender over nine decades. J Am
Coll Cardiol 1998;31:593-601. doi:10.1016/S07351097(97)00554-8.

VandeVliet P, Knapen J, OnghenaP, Fox KR, David A, Morres|, et al. Relationships
between self-perceptions and negative affect in adult Flemish psychiatric in-patients
suffering from mood disorders. Psychology of Sport and Exercise 2002;3:309-322.
Vanhoutte B. Measuring well-being in later life: a review. CCSR Working paper
2012-06, University of Manchester, UK 2012.

Vittersg J, Sgholt Y, Hetland A, Thorsen |A, Raysamb E. Was Hercules happy? Some
answers from a functional model of human well-being. Social Indicators Research
2010;95:1-18.

Wahrendorf M, Siegrist J. Are changes in productive activities of older people
associated with changesin their well-being? Results of alongitudinal European Study.
Eur J Ageing 2010;7:59-68.

Wang H, Xu R (editors). Solar-terrestrial magnetic activity and space environment.
COSPAR Colloquia Series; 2002(14). p. 474.

Ware JE, Kosinski M, Keller SD. A 12-item short-form health survey: construction
of scales and preliminary tests of reliability and validity. Med Care 1996;34:220-233.

126



186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

Ware JE, Snow KK, Kosinski M, Gandek B. SF-36 health survey manual and
interpretation guide. Boston, MA: New England Medical Center, The Health Institute;
1993.

Wilson FN, Johnston FD, Rosenbaum FF, Erlanger H, Kossmann CE, Hecht H, et al.
The precordia electrocardiogram. Am Heart J 1944;27(18):19-85.

World health report 2001: mental health, new understanding, new hope. Geneva:
World Health Organization; 2001. Available at: https.//www.who.int/whr/2001/en/
whr01_en.pdf?ua=1.

Yang Y, Kozloski M. Sex differences in age trgjectories of physiological dysregu-
lation: Inflammation, metabolic syndrome, and allostatic load. J Gerontol A Biol Sci
Med Sci 2011;66(5):493-500.

Yang Y C, Courtney B, Karen G, Ting L, Kristen S, Kathleen MH. Social relationships
and physiological determinants of longevity across the human life span. Proceedings
of the National Academy of Sciences 2016;113(3):578-583.

Yang YC, Li T, Ji Y. Impact of socia integration on metabolic functions: Evidence
from a nationally representative longitudinal study of US older adults. BMC Public
Health 2013;13:1210.

Yang YC, McClintock MK, Kozloski M, Li T. Social isolation and adult mortality:
The role of chronic inflammation and sex differences. J Health Soc Behav 2013;
54(2):183-203.

Y engprugsawan V, Seubsman S, Sleigh AC. Unhappiness and mortality: evidence
from a middle-income Southeast Asian setting. Biopsychosoc Med 2014;8:18.
Zemaitien¢ N, Bulotaité L, Jusiené R, Veryga A. Sveikatos psichologija. Vilnius: Tyto
alba; 2011.

Zenchenko T, Medvedeva A, KhorsevaN, Breus, T. Synchronization of human heart-
rate indicators and geomagnetic field variations in the frequency range of 0.5-3.0
mHZ. Izvestiya Atmos Ocean Phys 2014;50:736-744.

Zenchenko TA, Rekhtina AG, Poskotinova LV, Zaslavskaya RM, Goncharov LF.
Comparative analysis of the response of microcirculation parameters and blood
pressure to geomagnetic activity in healthy people. Bulletin of Experimental Biology
and Medicine 2012;152(4):402-405.

127



LIST OF PUBLICATIONS

Published paperson the dissertation topic

1.

Joffé-Luinien¢ R, Vainoras A, Smigelskas K. Local geomagnetic
field fluctuations relationship with mental and physica health
among adults in Lithuania. Journal of Complexity in Health Scien-
ces. 2019; 2(1):29-33. DOI: 10.21595/chs.2019.20855.

McCraty R, Atkinson M, Timofgeva I, Joffe R, Vainoras A,
Landauskas M, Alabdulgader A, Ragulskis M. Theinfluence of heart
coherence on synchronization between human heart rate variability
and geomagnetic activity. Journal of Complexity in Health Sciences.
2018; 1(2):42-48. DOI: 10.21595/chs.2018.20480.

Timofejeva I, McCraty R, Atkinson M, Joffé R, Vainoras A, Alab-
dulgader A, Ragulskis MK. Identification of agroup's physiological
synchronization with Earth's magnetic field. International Journal of
Environmental Research and Public Health. 2017; 14(9):1-22. DOI:
10.3390/ijerph14090998.

Other published papersin refereed journals

1.

Smigelskas K, Joffé R, Jonyniené J, Julkunen J, Kauhanen J. High
levels of cynical distrust partly predict premature mortality in
middle-aged to ageing men. Journal of Behavioral Medicine. 2017,
40(4):612-619. DOI: 10.1007/s10865-017-9834-2.

Joffé R, BukSnyté-Marmiené L. Abuse in adult intimate relation-
ships in Lithuania and it's influence on subjectively perceived
health. Procedia: Social and Behavioral Sciences. 2014; 159:584-
588. DOI: 10.1016/j.sbspro.2014.12.429.

Other published papers

1.

Kalédiené R, Stankiinas M, Smigelskas K, Vaiciunas T, Mocevicie-
né R, Petronyté G, ir kt. Sveikatos netolygumai: patirtis ir perspek-
tyvos: vadovélis skiriamas visuomenés sveikatos, kity biomedicinos
ir socialiniy moksly sri¢iy studentams ir specialistams bei visiems
besidomintiems sveikatos ir jos priezitiros netolygumais. Kaunas:
Lietuvos sveikatos moksly universitetas. 2017; 291.

Stankiinas M, Veryga A, Jakubauskiené¢ M, Stukas R, Surkiené G,
Berzanskyte A, ir kt. Sveikatos netolygumy mazinimo praktinés
rekomendacijos. Kaunas: Lietuvos sveikatos moksly universitetas.
2017; 253.

128


https://doi.org/10.3390/ijerph14090998
https://doi.org/10.1007/s10865-017-9834-2
https://doi.org/10.1016/j.sbspro.2014.12.429

Conference paperson the dissertation topic
1. Timofejeva I, McCraty R, Atkinson M, Joffé R, Vainoras A,

Alabdulgader AA, Ragulskis M. Identification of a Group’s Physio-
logical Synchronization with Earth's magnetic field. King of Organs
2019 — The 5" International Conference for Advanced Cardiac and
Heart Transplant “Heart Sciences from Genes to Galaxies’, King-
dom of Saudi Arabia: conference abstracts, 2019; 1:94-94.
Timofgjeval, Joffe R, McCraty R, RagulskisM, Vainoras A. Impact
of the Heart Lock-In technique on the pairwise synchronization
between group’ sHRV. King of Organs 2019 — The 5th International
Conference for Advanced Cardiac and Heart Transplant “Heart
Sciencesfrom Genesto Galaxies’, Kingdom of Saudi Arabia: confe-
rence abstracts, 2019; 2:94-94.

Joffé R, Damasevicius R, Landauskas M, McCraty R, Vainoras A.
Local Earth’s magnetic field fluctuations interconnections with
human physical wellbeing. International conference at BirStonas,
Lithuania, 2017; 72-76.

Timofgjeval, Joffée R, Vainoras A, Ragulskis MK. Identification of
clustersin a trial group of persons based on their cardiac intervals
and magnetic field data. 8" International Workshop Data analysis
methods for software systems — DAMSS, Druskininkai, Lithuania,
2016; 59-59. DOI: 10.15388/DAM SS.2016.

Other conference papersand presentationsin conferences

1.

Navickaité S, Voveryté J, Joffé-Luiniené R. Differences between
stress assessment and stress management among medical students
(from various courses). IHS Conference abstract book, Lithuanian
University of Health Sciences, Kaunas, Lithuania, 2018; 606—609.
Joffé R. Complexity in Health and Well-being. Sixth International
Week, Turku University of Applied Sciences, Turku, Finland, 2015;
32-32.

Raudonikyté G, Joffé R, Velicka D, Vainoras A, Grabstaité V, Bale-
viciaté R. ECG parameters and psycho-emotional stateinterrelations
among healthy students. International conference Exercisefor health
and rehabilitation, Kaunas, Lithuania, 2015; 40-42.

Joffé R, Vainoras A, Sendzikaité E, Telksnys T. LMTA studenty
EKG rodikliy kaita atliekant skirtingo zanro vaidmenis. 8th national
doctoral candidates' scientific conference Mokslas — sveikatai,
Lithuanian University of Health Sciences, Kaunas, Lithuania, 2015;
102-103.

129



5. Sendzikaité E, Joffe R, Vainoras A, Grabstaite V, Baleviciaté R,
Telksnys T. Changes of future actors ECG parameters during diffe-
rent genre roles. 18" international conference Biomedical enginee-
ring 2014, Kaunas, Lithuania, 2014; 38-41.

6. Bertasiuté V, Daunoraviciené A, BerSkiené K, Joffé R, Vainoras A.
Study on dynamical characteristics of electrocardiographic parame-
ters during physical load. International Conference VIBROENGI-
NEERING, Katowice, Poland, 2014; 64:326-330.

130



L.ocal geomagnetic field luctuations relationship with
mental and physical health among adults in Lithuania

Roza Jofté-Luinicnd', Alfonsas Vainoras®, Kastytis Smigelshas®

Lithunnian University of Health Scienees, 1lenlth Research Inatitine, Kavmas, Lithuimia
'Corresponding author

E-mail; sofferoiammal com, ‘alfvamaemmiocom, “hasismme i gmailoom

Received T Adoy 2008 veceived i revirad i A June 2009 dccepited | 2 fune 2009 W Chsck K
) o updales
IR Tt oot g L 20 50T e 200 RN ES \ N Dd |

mpyright £ 200 ¥ Roce e -l pnvieod, af ol Uhis or an ape @ doan article dipabietedl nigder tine Cniative Cantmos dcibeiion Lacenoe
vk peevnrits iniventvie e mae, demirhaita, and e grodichion G am addrion, preasaed M oeigeaal work o progeehs ailed

Abstract, The study exanuned the relabonslup between local peomagnetc leld Muctuations and
phvsical and mental health among voung adults in Lithuania. 264 parmicipants were recruited for
a two-week peried study, during which they had to fill-in paper questionnaires. consisting of 4
12-liem Short Form Survey (SF-12) assessing physical and mental healith, 4 questions about
physical vilality, emotional wvitality, social wellbeing and overall wellbeing. and questions
regarding sociodemographic data, The results of the study revealed that possible influence of
peomagnetic field fluctuations appear not simultaneously with the changes in human health status,
but with a 12-hour lag. Tlis relationship was found to b weak but significant. however. only with
mental health,

Keyworids: geomagnetic leld, mental health, plysical healih
L. Introduction

Invisible flucating magnetic felds inevitably reach all human beings on the Earth, as being
apan af a biclogical svstem [1] Scientists have well descnbed that geomagnenc ficld resonances
penerate 4 mnge of resonant frequencies thal are directlv linked to the phvsiological processes n
luman brain, anlonomic nervons sysiem (ANS), and cardiovascular system. Tt is also proposed
that every living organism on the Earnth has a specific and unigque sensitivity 1o the strength and
fregquency of geomagnetic fizld Muctuations |2, 3]

Recent sindies proved that both — weak und strong — geomagnztic field disturbances are
associated with negative health outcomes [4. 5] It is commonly ecognized, that geophysical
cnviromment factors may stimuolate social nonest by influencing the mental state of people [6]
Increased rates of violence, come, revolutions, frequency of terronst attacks also lave been
significantly linked 10 geomagnetic activity faciors | 7-9). A number of studies have demonsieated
evidence that geomagnetic and solar influences affect human behavioral and health outcomes, the
nervous and cardiovascular systems being the most clearly impacted [10-12]

Doronin ¢f al. [12] m thew study that compared low-fregquency geomagnetic thythms with
clectroencephalogram (EEG) rhythms, blood pressure, heart rate, and reaction times, revealed th
the vanations in both hean and brain palterns were associaled with changes in geomagnetic
activily simultaneously. Stoupel et al. |14 have found significant links between peomagnetic
activity, accompanicd by high Cosmic Ray Activity (peutron activity), and rises in more medical
emergencics and wotal daily death mumber, In another study performed by this rescarcher [ 15], low
GMA wis assocuated with more sudden deaths, some incregse melectrical heard instability mmber
ol ventrcular and supravemncular extrasy stoles and hagher mate of ventncular tachyveardia.

From what has been discussed, it becomes obwvicus that quite a larpe number of
psvehophysiological dwthms are affected by and can synchronize with solar and geomagnetic
activity |9, 11, 13, 16]. However, most of the introduced rescarches weflect objective health
paraneeters, which produces a lack of studies that woulkd assess subjectively perceived data on
physical, mental wellbeing and its relationship with geomagnetic activity. Subjectively perceived
wellbeing of a person is an important and significant indicator for analyzing and predicting his‘her
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nmediate Tutre health changes and healibcare needs |17 A porson’s subjcctiye asscssmcnl of
usder health statas and overall wellbeng 1s most olien determuned by bomedical, Tonctional amd
cmotional components [17. 18], A number of scientists [17. 19, 20| emphasize that it is the
subjective rather than the objective assessment of health status and wellbeing that 15 a particularly
impartant and significant prognostic indicator. therefore. il was decided in this study 1o rely on
subjectivelv assessed health and wellbeing of the subjects.

2, Methods anil provedures
2.1, Participants

The study ook pliee in Kaungs, Lithuania, Healthy yoong adults (19-39 age) were reennied
for the study . The study foreach participant Tasted two weeks ima mow. therelore, i order W recrll
a sufficient mumber of participants who would agree 1o stav in the study for this poriod, participants
were recruited 0 groups, Starling in March, 2006, unill the end of October, 2016, 5 runs of
two-week study periods were oreanized. A tolal of 264 participants data were included imo the
final analvsis. The mean age (sd) of the 264 panicipanis in the analysis was 26 (6,37) years
consisting of |84 females and 79 males.

2.2, Ethics statement

The performad stndy was in compliance with the ethics of experimentation in accordance with
ihe Declarmtion of Helsiki. The permit o perfonn biomedical research was granted by the Kaunas
Regional Ethics Committee for Biomedical Investigations, No. BE-2-31, 23.12 2015 (copies of
documenis are enclesed as supplemental data). Each panicipant signed a paper consent prior (o
the siucly

2.3. Health parameters data collection

Participants had 10 fill in paper questionnaires, consisting of 12-liem Short Form Survey
(5F-12), 4 guesbons about plvsical vitahily, emotional vitality, social wellbemg and overall
wellbeing. and questions regarding seciodemographic data.

SF-12 hias been extensively used as a valid measure of self-reported health-related guality of
life in @ vanety of population groups [21], including adulis’ population in Kamas city [22] The
questionnaire consists of twelve questions that measure eight health domains 10 assess physical
and mental health, Phvsical health-related domains include General Health, Phvsical Functioning
Role Physical, and Body Pain Mental healih-related scales include Vitality. Social Functiomng.
Role Emotional, and Memal Health,

4 questions aboul plvsical vitality, emorional vitality. social wellbeing and overall wellbeing
were consirncted consulling the HeanMath Institnie Fesearch Director Rollin McCraiv. The
questions asked the participants to provide thelr responses by using a 3-point Likert scale,

2.4, Magnetic Geld data

The local magnetic feld Muomations data was gathered using a magnelomeier localed in
Luthuania. The device is a part of the Global Coherence Monitoring Network [1]. Two magnetic
field detectors (Zonge Engineenng, ANT-4) an the sife are positioned i the porth-south and
easi-wesl axes o detect local time-vany ing magneiic leld strengihs (sensitivily 1 pT) over a wide
Irequency range (0.01-65 He) while maintamimg 3 Oat frequency response. The mechamsm of the
data acquisition capiures, then stamps the global positioning system tme, and transmis the data
10 the common server.
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2.5, Wdentification of corvelitions  between  healith  parmmeters and  geomagnetic Tield
Muctuwations

Foridentification of correlations between mental, physical héalth parameiers and geomagnetic
field Fluctuahons, Spearman’s comelation coefficient was applied For the analysis, the Statistical
Package for the Social Sciences (SPS5), 20 version was used.

3. Resules

The resulls ol the analysis of comelations between peomagnetic Dield Muctoations, menlal and
physical healih are presented in Table | and Table 2, Geomagnetic field is ranged in 6 different
frequency ranges. Tuhle | reflects the relationships ot the same time, wherens Table 2 shows the
relationships with a 12-hour lag (geomagnetic Neld Muctuations that occorred 12 hours prior the
participants’ health parameiers were assessed).

Tultle | Gemnagnetse Geld Suetwabions relatiomship wilh sy sieal and oental Dealth
Fregquency. | Froquency | Prequeney | Fregueney | Frequensy | Frequensy

=35 He 357 Hr T-15 Hy 15-32 M | 32-65 He (65 He
R B2e Q36 0,042 1,050 0017 04D
SE physical n =00, (Hi1 = (W =l =001 = D001 =101
N 3420 M0 3420 3420 3420 420
SF mental R E},{Mf{ 4127 (001 0 (30124 0027
Plivsical vitalitv B = (1001 > .00 = 0001 = (001 > 0001 = (1.040)
2 i N 3420 3420 3420 3420 420 3420
R [h kA0 613 000120 0015 10005 1,014
S phvsial P = [0 = {1,(KH = 1| =00 = 001 = (]
N 1444 3449 3440 34444 3440 3440
i 0,029 0,027 0015 0.008 0,000 0010
SF mental n = (1,141 = [t =101 = {0,001 =001 = (I
N 3 S 3448 G448 3448 3448

H — Spearman s comelabion coelTicient, p — Speanman s correlation coefficient’s p value

Tuble 2, Grenmugnelc field Quetuations celotionslup with [_)Ew:ii:l.ut v mented health with o 12-hour lag
Frequency | Frequency | Prequency | Dreguency | Frequency | Frequeénsy
U-3.5 1z 33T Hz =15 Hz 15-12 11z 32-63 1z 0-63 [z

it t){KHE IR T 0022 0011 0117
ST physical B > (1,001 0001 | =000l > 0,001 = 0,001 > 0,001
N 3420 3420 3420 420 3420 3420
[ 0,102 o110 RRE 0065 1026 0026
i}h\!'q;l:]-l:lllu:??;t:lﬁh p | <0001 < 0,001 < 0,011 = 0,00 = 0001 = (001
! E N 3420 34240 3420 3420 3420 3420
i3 0034 (i35 ), B33 L1003 3,033 D018
SF physical p > (LA > LK > il =001 = [Lnal > (30001
N 49 48 3449 3449 3449 3440
s (A2 (14152 1, (134 —0.00% 0013
Sk mental i = (1.001 = ({31 < 0.00] > 00] > [0 > .01
N 3448 448 3448 3448 3448 3448

R = Spearman’s comclation cocfficiont; p = Speanman’s corrclation coefficient’s p value

As b can be seen from Table 1, that there were no significan! relationships found between
geomagoetic feld flucluations and health parmneters when estumating at the same e of
oLcurence,

From the duia in Table 2. i can be seen that weak correlations appear in four different
frequency ranges when estimaring mental health and geomagnetic feld fAnctoations with a
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12-hour lag.
4. Limitations of the study

Our stodv has some limitations. First, we incloded only subjectively asscssed data about the
participants’ health parameiers. Doe Lo a study penod of two weeks, this may have resulicd moa
loss of motivation to provide sincers answers regarding the participants’ evervday health status,
which, in turn, may have influcnced inaccurate results of the study. Objcetive measures of health
parameters would have contmbuted to more accurate resulis. Further sindies including not only
subyective. but also objective measures of hzalth parameters. ovfand shortening the study penod
in order o maintain the participants motivalion, arc Neccssary.

5. Conclusionsy

The discussed smdy examined geomagnetic ficld fluctuations relationship with mental and
phvsical health imong vonng adults in Lithingmia. The resolts of the conducted study suggest that
possible inluence of geomagnelic field Muctuations appear not simulianeously with (he changes
in lman health stats, but with & [2-hour lag. This relatonship was found 10 be weak b
significant. however, only with memal health. Resulis of the study propose thai perfuaps not only
subjective, bul also objective assessment of corrent health parimeters might be of greal value in
order 1o obtain belter and more accurale dala. A more complex design of the study, 1ocluding
objective data abowt panicipants” health parameters, is an object Tor future analyvsis,
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Abstract. Resulis of @ study on the effect of the Heanl Lock-Tn meditation technique on the
synclronization between heart male variability and local magnetic leld activity 1s presented in this
paper. A technique based on the near-ophimal chaotic attractor embedding was applied in order 1o
evaluaie the geometrical synchronization between analyzed time series. The resnlls demonstrate
that Hearl Loch-In technique had a stong miluence on the relationship between candiac and
gemmagnelic actvily

Keywords: Earth’s magnetic feld. peomagnetic field, beant rate variabilitv. HRY, ANS
nonlinear dvnamical systems.

1. Introduction

All biological systems, which are embedded within the Sun and Eurth’s magneiospheres. are
expusad to invisible Muchating magnetic Nelds that span a wide mnge of Trequencies [1]. T is well
known that geamagnetic field line resonances and the Schimann resonances, which exist in the
cavily belween Earth and the ionosphere, gencrate a vange of resonant frequencics that divectly
overlay those of (the human brain, autonomic nervous sysiem (ANS), and cardiovascular sysiem
OfF all the physiological systems sidied. the rhwvthms produced by the brain and hean are most
affected by changes in géomagnetic conditions [2-8] It has been demonsirated that nuimearons
phy siclogical rhytluns are affected by and can sy nchronize wath solar and geomagnetic activity
[2-12] However, severm! recent studies that uiilized continuons moenitaring of heart rte yanability
(HRV) over longer lime periads have shown that ANS activily can svnchronize 1o a somrising
depree with changes in the amplitnde of resonant frequencies produced by geomagnetic field-line
resonances, Alfvén waves and the Schomiann resonances [13, 14].

HRV is the measurement of the time inlervals bebween adpscent pairs of heartbems, which
reflects autonomic nervons system dynmmics | 13], The amount of naturally occurnng HRY one
has reflects the functional status of codependent regnlatory systems that operate ever different
time scales 1o adapt 10 environmental and psycholopgical challenges [16]. Lower levels of variation
in age-adjusted HRV indicate pathology. cluonic stress, or insufficient functioning in regulatorny
svstems i the newro axis and is associated with of all-cause mortality [17-149], Higher levels of
HRV are associated with resiliency, capacity 1o self-regulate and 1o adapt o changing demands
[16, 19].

Several studies have found that an intensification in ficld-line resonances can lead to alterations
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i cardiovaseular function and i has been supgested that thas may be duc to the fact that many of
the held Ime resonances have frequencies that directhy overlap with those of the AMS and
cardiovascular system [9. 12, 13, 20]

A previously conducted study provided evidence suggesting that participant’s psychological
stale and gualily of mteractions between gronp members was relaled the degree of HRV
svichromzation with the magnetic ficld data and other parlicipants in the group | 14]. It has also
becn propesed that when one s 14 state called phy siclogical or HRY colwience thal one is more
likely to be conpled to and therefore synchronized to the Earth’™s magnenc halds [21] In order ta
test this hypothesis, we also examined the potential effecis of a heart focused mediation technique
citlled 1he Heant Lock-In, which incresses the coherence in one’s hearl rhvilans, and has been
shown o merease (he svachronization of heart dythms between pardicipanls m a group
setting |22].

Inorder 10 improve the assessment of physiolegical synchronization and wently individuals”
response patlems. we utilized a newly developed and wvalidated analysis approach using
near-optimal chaotic nitractor embedding techniques. This allowed us to identify specific patterns
ol svnchronization between hearl mle variability and local magnetic ficld data, and assess polential
ellects of paricipants bemg m a state of HRV coberence on $ynchromzation i a groop ol people
located in Lithuania.

2. Methods and procedures
2.1. Participants

The expenment locaton had o local sile coordinator who was responsible for participant
recmitment, logistics coerdination and participant tromng in the study procedures and use of the
HRY recorders. Study coordinaor in Lithonania recruited 2 total of 20 participants, The mean age
(gd)of the 20 participants in the analysis was 233 (0.6) yours consisting ol 16 fomales and 4 males.

Crring the 14 day period between 26 February and |12 March 2015, 20 participants locsed in
Lithmani participated in the study. All of the panicipants were healthy and either worked or
attended classes during davime hours, The Lithomian group consisted of 20 nudical stude s
allending the Lithusmean Umversaty of Health Sciences.

2.2, Ethics statement

The vesearch met all apphcable standards for the ethics of expenmentation n accordance with
the Declaration of Helsinki. The permit to perform biomedical investigation was granfed by the
Kaunas Regional Ethics Committee for Biomedical Investigations, No, BE-2-51, 2312 2015
{copies of documents are enclosed as supplemential data), Paricipants provided watten informed
consent prior to the experiment.

2.3, HRV data collection

HEY 15 a nonuvasive measure that mellects ANS activity and dyoamucs, All participants
underwent daily 24-hour ambulatory HRY recordings during a two-week period between 26
February and 12 March 2015 (Bodyguard2, Firstbeal Technologies Lid | Ivviisky . Finland).
Prior to the siart of the siudy, each paricipant received instruclions an allaching, siarting. and
stopping the recorders as well as instructions to participants for logeing day (o day activity, sleep,
waking, ete, from the local site coordinator

The group coordinalor was mstrocted in how 10 retneve data fom the HRY recorders and
upload it to the data collection FTP site. Panicipants were instructed 10 stop the recorder each
moming after waking up to start the day . and plowed op oo 300minuies o shower or bathe befone
reattaching the recorder and starting the new dav ‘s recording. Ambu Blue Sensor V9 microporons
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breathable disposable electrodes were used for all of the recordings, The clectrodes were placed
m a modified V3 posiion, Te mammze skim imitation over the two weeks, pariicipants were
encouraged 1o locate the electrodes around theee different positions near the V35 electrode sites.
The HRV recorder caleulates the RR Intervil (R 15 o point corresponding o the penk of the QRS
complex of the ECG wave; and RRE s the mlernval bebween successive Hs) Trom he
clectmocardiogram sampled at 1000 Hz, The RR interval data were stored locally in the device
memory, and downloaded 10 a computer workstation wt the compleuon of the study

All ol the HRY recordings ware downloaded from the FTP site to a computer workstation and
analyzed using DADISP 6.7, Inter-Deat-Intervals greater or less than 50 % of the mean of the
previous four mlervals were considered artifacts, and were removed from the analvas recond.
Following an aulomated editing procedure, all of the recordings were manually reviewed by an
experienced technician, and. if necded, correcied, Daily recordings were processed inconseoutive
S-mun segments o accordanee with the standards established by the HRY Task Force, Aoy S-nun
segment with =10 % of the TRIs either missing or removed in edifing were exclnded from the
analysis. The local time stamps in the HRV recordings were convened to Coordinated Universal
Time (UTC) 1o enable svnehrontzation between locations and magnetic ficld da sets

2.4, Magnetic field data

The local magnetic ficld intensity was measured using magnetometer located in Lithuania
which is a pad of the Global Coherence Monitoring Network [21]. Two magnetie Oeld detectors
(Zonge Enginzering ANT-4) a1 the site are positioned in the nonth-south and east-west axes to
detect local tme-varving magnetic Ngld strengihs (sensitivity 1 pThover a wide frequency range
(0LO1-300 He) while mamtaimmg @ (1ol frequency respomse The data scquisiion mimstruciore
caplures, then stamps, (he global positioning sysiem time. and iransmits the data 1o the common
server. Boch magnetometer in the nerwork is continuounsly smuopled a a rate of 130 He.

2.5, Heart Lock-In procedure

On March 5th. the group participated in the Heart Lock-In technigue for a 15-minute period.
The Head Lock-In technigue focuses on bulding the capacity e sostaiin heanfeit positive
emotions. The lechnigue is generally practiced for five fo Nifteen minutes at a time_ although longer
sessions may be nsed as well. The steps of Heart Lock-In are:

Step 1. Focus vour attention in ithe area of the heart, Imagine vour breath is Nowing im and cul
of your heart or chest arca, breathing a linle slower and decper than usual,

Step 20 Activate and sustain a regencrative fecling such as appreciation, care or compassion.

Step 30 Radiate that renewing feehing o voursel! and others [23]

Use of this technique is typically accompanied by feelings of peacefulness, harmony . and a
sense of mner warmithe and s oflen an effective means o diffuse accumulated siress and negalive
Feelings [24].

2.6, Computation of the power of the local magnetic ficld

The spectral power of the local magnetic hield was computed using the magne e licld imensity
values and apply g the algomthm denoted | 14] as Algonthm A The main steps of the algernthm
included the computation of the spectrogram of the magnetic ficld intensity data signal (for
ane-second time mernvals), clipping the spectrogram 1o a certwin level in order to minimize the
naise (nanmade noise, Hghiming) in the magneiic field data and summing the values over the
frequency range [0, 1] Hz, Empirically obtained optimal noise clipping level was 123 (pTyiH=.
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2.7, Determinaton ol geometrical svachronisation between participants® HRY and local
muagnetic fiekd power time series

For the determination of synchronizauon between participanls” HRV and (he signal of the
power of local magnetic field. compulzd for ls tme miervals (see Secbon 2.0), we emploved
techmiques developed, validited and described in deil in [14] This approach is based on the fact,
that it is possible 1o map a daa signal into an integer which describes the geometrical dynamics
ol the data signal. The imleger corresponds o the oplinmal fime g vadoe Dal mascmiees (he arca
ol the aftractor construcied from the daia senes.

We slightlv modificd the algorithm described in [14] a5 Algerithm C to be relovant 1o this
study 10 the following procedure:

Let RE = (RR,.. . RE,) and M = (My, ..., M) be synchronously sampled participant’s
HRV and local magnetic field (MT) power signals of size n

1) Divide series AR and M into T S-minute-long observation windows (according 1o HRY
analysis siandards [23]) and compuie optimal time Iag values for each observation window lor
HRV tme  scries (T:‘m” = e ,rf“'”}) and magnetic  fickd power data signal
{T:M" =T .Tf:"’ ) This step reduces the amalyeed HRY and MF time series o imeger
vectors, characterizing geometrical features of those series.

2) Smooth obtmned optunal tme lag vectors in order (o identify averaged changes 1o time lags
for HRV (7"%') and magnetic field data (7,*"')

3) Calculate e Peamson correlation coefficient belween lie obtained mean ime log veclors
c{.‘u" M) = ﬂl[filtﬁ!‘.. T_E”]).

Consider a sct of HRY time scries RR™ = (RR, . RRY), k = T R, corresponding 10 K
participants. In order to calculate the mean svnchronization between the HRY of all K participants
and magnetic field, we compute HRV/Magnetic field correlation coefficients C1#™%) for cach

participant A=1K and calculate the mean correlation coclficient
clrat-Kip) _ —'.Eg - clnst M)
- .

2.8, Identificarion of the effect of being in a coherent state using the Heart Lock-In technigque
on syachronization with the magnetic field

Procedures for the estimmion of synchronization between participams” HRV and local
magnetic field power time series. described in Section 2.7, were applied to the data described
shove,

Since the Heart Lock-In techmgue look place once for a 15-munute penod (on March Sth
20051, we caleulaed participamts” HRV/MF synchromization for cach day of the study sepatatcly
i order 1o see il the synchronization between participanis’ HRY and magnetic field activity an
the day of the Hearl Lock-In was different compared (o dmyvs before and after the using the
technique.

3. Hesnlrs

The results of the analysis of the synchonization between participants” HRY and magnetic
ficld actvity are presented in Fig, 1. Each figure consists of plots displaying the synchronization
between each paricipant’s HRY  and  magnetic field activity for six  days
(2015303401 — 201503/06). The Fig. 1(e) part of each figure coresponds 1o the day of the
application ol the Heart Lock-1n technigue.

Fig, 2 depicts the mean synchronzalon between groups” HRY and magnetic held power lor
cachday of the experiment (red bar corresponds to the day the participants did the Hean Lock-1n),
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Fig. 2. Groups’ mean HRV/ME synchronization for each day of the expernmant

It can be seen that the synchromization (positive corrclation) between participants” HRY and
magnetic field activity (Fig, 2) on the day of the Heant Lock-In was the highest. Furtbermore, all
participants were highly positively comelated/synchronized with the local magnetic ficld during
the day of the application of the Heart Lock-In rechnique (Fig. 1{f})) which comrasied with the
synchronrzition resulis for days before and afler the troinng
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4. Conclusions

A technique based on the near-optimal chaotic altractor embedding was applied in order lo
cvalvate the goometrical synchromizaton bebween analvaed tme serics. The mesults of the
conductied study mdicate that the applicd Heart Lock-In meditaton techuugue has a positive impact
an the synchronization between the human heart rte vanability and the Earh’s magnetic Neld.
Thus. such medical wechniques are shewn (o be valnable not only psychologically (in sustaining
positive emations), bul also physislogically since high synehronization between hearl mile
vanability and peomagnetic activity has been associaled with better health conditions, Furher
study of these offccts using different computational and experimental wwchniques are a definiie
objective of fulure research.
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Abstract: A new analysis lechnigue for the evaluation of Lhe degree of synchronizalion belween the
physiological state of a group of people and changes in the Earth's magnetic fleld based on thelr
cardiac inter-beat intervals was developed and validated. The new amalysis miethod was then used
to identify clusters of simifar synchrenization patterns in a group of 20 mdividoals over a two-week
period, The algorithm for the idenlification of slow wave dynamics for every person was
ctmstricted in order 1o determine meaningful 'r|1h:rrru'|:ll'.im'r_tihi|:r.-i batwem the 'Flart'lci'paniﬁ and the
local magnetic field data. The resulls support e hypothesis that the slow wave thythms in heart
rate variability can synchronize with changes in local magnetic field data, and that the degree of
synchronization is affected by the quality of interpersonal relationships.

Keywords: earth's magnebc field; geomagnebic field; heart rate vamability; psychophysiology;
nonhinear dvaamical syslems

1. Introduction

There are numerous investigations examining correlations between human health and (he
Earth's magnetic field activity. Many interesting studies have shown strong influences on a number
of human pathalogic and behavioral states.

[k 15 waell established thal geomagnetic held line resonances and the cavity between Earlh and
Lie lonosphere generate a number of resonain frequencies that divectly overlap those of the human
brain. autonemic nervous system, and cardiovascular system. OFf all the physiological systems
studied thus Ear, the rhvihms of the heart and the bran are most strongly assoaated with chan_u;u\i mn
geomagnetic conditiems [1-11].

For sxarmple, numerous stidivs hove demonstrated significant relationships between magnoetic
storms and decreased hearl rate variability {(HEV), the measurement of beal-lo-beal changes in heart
rate [12], swhich is sugimestive of a potential mechanism linking geomagnetic acivity with increased
incidents of myoeardial infarction and coronary disease [7,13-18]. In a review of the health effects of
peomagnelic disturbances [20], Palmer et al. sugeed these “definile condusions™: {1} geomagnetic
disturbances have a grealer effect on humans at higher geomagnetic latitudes; (23 unusually high
values of geomagnetic activity have an effed on candiovascular systom health; (3) unusually low
values ol geomagnetic aclivity appear o have a negative effect on healtly; (4} approximately 10% o

TiE. § Evetrone Rey, Pidiic Helth 017, Td, 998, dol TL30 ] erph 1 4)was sy midp Loy lewmal il ph
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15% of people n areas studied are negatively affected by disturbed geomagnetic activity; and (3)
HRV is negatively correlated with geomagnetic disturbance.

There is & wide range of magnetic waves occurrng in the magnetosphere that are excited by
warious processes within the magnetosphere as well as the solar wind. The most common soorce of
ultra low-frequency wave énergy measured on the ground is due to the field line resomances that
exhibit the largest magnetic wave amplitudes occurring in the magnetosphere [21]. The frequency of
these oscillations depends on the field strength, the number of charged ions spinning around the field
lings, and specifically, the length of the magnetic field line. Quasi-sinusoidal oscallations are called
“Pc” (pulsations continuous), and irregular waveforms are called “Pi” (pulsations irregular). Each
major type is divided into frequency ranges associated with distinet phenomena. Standing field line
pacillations are typically im the Pc? to Pe3 range, which correspond (o a frequency range between 1-
100 mHz Cscillations classified as Pel and 2 are osclllations with frequencies up o 5 hertz, which
are typically exdited by geomagnetic substorms [22],

The ionosphere is a layer of plasma, a term that describes highly ionized gases threaded by
magnetic fields, which surrounds the Earth, The charged particles in the plasma can spiral around
the magnetic field lines and travel along it, creating auroras as high-energy particles flos along the
field limes to the Earth’s magnetic poles. This process was described by Harmes Alfven to explam
how low-frequency waves that propagate along magnetic field lines are created [23],

Standing waves in the magnetosphere involve many magnetic field lines, with lengths several
limes the Earth’s radius, which are excited and oscillale at their resonanl frequency, similar o a
plucked guitar string. Longer tield lines have a lower resonant frequency, while shorter ones resonate
at a higher frequency. Field lires with more or heavier particles spiraling aroumd them tend b have
lower frequencies. Changes insolar wind velocity or the polarity and orientation of the interplaretary
magnetic field can have dramatic effects om the waves, as measured on the surface of the Earth [24],

Studies have shown that incressed amplitudes of field line resonances can effect the
cardiovascular systern, most likely because their frequencies are in the same range as the primary
rhythms found in the cardiovascular and autonomic nervous svstems [23].

There has been a rapidly growing use of HRV since new devices have made obtaining the
electrocardiogram (ECG) and HREV more accessible, and the understanding that HRV reflecis
autanamic nervous system dynamics [12] and provides an index of stress and emotions [26] and
social interaction [27]

In a study conducted by Dorenin et al. [24], eleclmmmphulngmm (EEG) rhythms, blood
pressure, heart rate, and reactiom fimes were compared with the low-frequency geomagnetic
thythms, They found that the oscillations in both heart and brain patterns changed simultanzously
with changes in geomagnetic activity, Experiments conducted by Zenchenko et al. [29] monitored
healthy individuals” heart rates at rest and compared them with low-frequency variations between
15-3.0mHzm the geomagnetic ficld. They found that in two-thirds of the experiments there was a
synchrontzation between the heart thythms and the rhythms in the geomagnetic tield that cecurred
between 4 and 30 minute-long periods.

& more recent study [30] by MoCraty et al. foundd a surprising degree of synchronization
between geomagnetic activity and human nerveus system function by continuous monitoring of
participants HRV over a 31-day period in a group of individuals whio went about their normal day-
w-day lives. Owverall, the study fonnd evidence suggesting that daily autonomic nervous system
activity not enly responds to changes in solar and geomagnetic activily, but also is synchronized with
the time-varying magnetic fields associated with geomagnetic field line resonances and Schumann
resonances. More specifically, it was found that the participants exhibited a previously unidentified
slow wave thythm in their HRV, which was highly synchronized among the study participants and
the time-varying magnetic field data, with a thythm of approximately 2.5 days,

Following these findings of a significant intercommection between changes in local magmetic field
activity and heart rate variability, this study examined poiential relationships between human
physiology (HEV), the geomagnetic field activity, and the quality ot irerpersonal relationships,
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It has been found that individuals have widely varying levels of sensitivity te changes in the
Earth's magnehc beld, and can respond i opposite ways bo fluchiations i the same environmental
variable [31] In order to improve the assessment of physiclogical synchronization and alse identify
different clusters of individualy' response patterns, we firat developed and validated a new analysis
appranch using near-optimal chaotic attractor embedding techniques. This allowed us to dentify
specific patterns of synchronizabion between heart rate vamabiity and local magnetic field data, and
assess potential relationships between interpersonal dynamics and physiolagical synchronszation in
a group of people.

2, Methods and Procedures

2.1, Particimarts

During the two-week pericd between 26 February and 12 March 2015, a group of 20 medical
students anending the Lithuanian University of Health Sciences continuously waore cardiac monitors
(Bodyruard 2, Firstheat Technologies Ltd, Jyvaskyld, Finland) that gathered inter-beat intervals (1B1)
from each participant. Consequently, we obtained a total of 20 [BI series, which is the time bitween
the consecubivie R wave peaks in the electrocardiogram from the 20 participants,

2.2, Ethies Skatement

I'he fesearch met all applicable standards for the cthics of experimentation in accordance with
the Declaration of Helzinki. The permut o perfonm bivmedical investigatiim was granted by the
Kaunas Regional Ethics Committes for Biomedical Investigations, Na. BE-2-51, 23.12.2015 (copies of
documents are enclosed as Supplementary Materials). Participants provided written infarmed
consent prior to the experiment.

2.3, Computndinaed Estémution of He Synchronization of e Group's SRV Time Siries wwith Earth's Magnetie
Field Data

The main objective of this study was to assess the synchronization between the HRY Hme series
of each participant and the magnctic field data. This information was then used to construct clusters
of participants within the group based on the estimated synchranization bolween their HRV and the
magretic field.

3.1 Magnetic Field Data

The local magnetic field intensity was measured using a local magnetometer located in Lithuania
(Coordinates: Latitude: 55634068 Longitude: 23.704563), which (s part of the Global Coherence
Monitoring Network [32] Two magnetic field detectons [Zonge Enginecring ANT-4) were positioned
in the north-south and east-west axes to detect local time-varying magnetic field strengths
(sensitivity 1 pT) over a wide freguency mange (0.01-300 Haz) while maintaining 3 tlat froqueacy
response, The data acquisition infrastructure captures, then stamps, the global positioning system
time, and transmits the data to the common server. Bach magnetometer in the network is
continuously sampled at a rate of 1530 Hz. Used data can be obtained from the Hearthath Institute
wibsite [33]

2.4 Coamputation of the Paeer of Loctl Magnetic Fild
Consider magnﬁlir field in!‘t—‘-‘l‘l:}ity ﬂl]fﬂlr where ¢ i5 a8 discrete time variable In order to
transtorm (L5 o the frequency domain the discrete Fourier transtorm (DFT) was used:

“ _dmltw
er_‘+=21,-¢ e wel (1
=9

In order to observe changes in spectral demsity aver Hime, the analysis interval was broken up
intoy smaller sections using the discrete ime short-time Fourier transtorm (STFT) far (LS
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P8 @) = Z e ECE— BYe™™ 4 € 2 ()
i=—m
This s essentially a partitioned form of Eguation (1) using the windowing function §(¢), A
windowing function has a value close to 1 in each of a series of shiding segments of ¢ and a value of
0 elsewhere.
The squared magnitude of the STFT Fi,) results i the spectrogram of [y, which is utilized
in the subsequent analysis since the STFT provides better time resolution:

508, w) = |F{A. m)]* (3

58, ) is typically referenced as power spectral density (P50, Thus, the value of 5{8.w) 15
interpreted as the signal power at the time interval 48 and at the freguency range Aw,
Consider that it 15 required to find the local magnetic field power in the frequency range w €
[@nini Ohnax ] H2 2t Hme interval £ through £ =, + A8 (35).
The power of the local magnetic field is computed using Algorithm A:
(1) Compute the spectrogram (8, w) (as described previousty).
(2) Crop the spectrogram § = min(8; 8,551 in order to eliminate intermittent chaotic outbreaks in
the measured data due to manmade noise, lightening, efc.
(3 Apphy the Gaussian madian filter of dimensions 3 % 3 to § for the reduction of noise.

(4) Compute the signal power as # = Eom {ﬁx;':,‘_.'i(:.mfl].

Thus, the signal power time series is the sum of the values of the spectrogram mrrcsponding to
the specitied frequency and Hime intervals.
2.4.1. Example: Computation of the Local Magnetic Field Power

Anoxample of the magnetic field intensity series is shown in Figure 1.

o

Magnetic field intensity, pT

oo Lag 200 pat] =0

Tipite

Figure 1. An example of the local magnebc field intensity data (measured n Lithuama durng the
time perlod botween 201502/2601:00:01 and 2015/0226 01:00:01).

Ancexample of the spectrogram S(6, o) of the magnetic ficld signal depicted in Figure 1 for
Af = 4 hours, w € [;52]Hz is displayed in Figune2
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Frequency, Hz

o 20d 4.00

Time

Figu‘re 2, An uxampln of the specirogram lorthe magnetic freld data |Jresl=.n|9|:| n I-'mufe 1. [-rm;-uu-nr:.-
resolulion is -ﬂl;u Al = 4 hours, e = 52 Hz,w & [0, 52]Hz.

In arder to calculate local magnetic field power in the frequency range @ € [0; 1] Iz at time
interval p = 2015/02/2601:00:02 through & = 2005/02/2601:00:03 , the corresponding
spectrogram is calculated as described above. The spectrogram is then cropped to § = min{S: 0.25]
[he signal power P = 7.7405 ((pTI%/Hz) is then computed from the filtered spectrogram.

2.5. Algorithm for the Conrpubation of Geometrical Synchronization betieen Tioo Time Series

25,1, Computation of the Area of an Attractor in the State Space

Let a signal X = (Xy,...,.X,) be a scalar time serics of size n.

It iz p:m—iilﬂi' o embed the time series into a 20 delay coordinate gpace:
Yf=ITns XX =Ta—TTEN

For v =1 the following trajectory malrix 15 obtained:

]
XX
X!“— i :(rl

where every row of the matrix corresponds to the coordinates of an embedded point in the delay
coordinabe space, The time lag 1 can be different [t € W), Thus, al 7= &, the trajectory matrix reads:
Xy Xu
Xa Xen

"!;-II =l lTl:

The grdered sel of the embedded points is cdl':IL'd an attractor, and the 2D plane itself is called
the state space [34]. Nobe that the area cccupied by the embedded attractor is one of the atiributes
characlerizing the dynamics of the rme series. However, the area of the attractor depends on the ime
lag v used for the reconstruction of the state space. The maximal area of the embedded attractor (and
the corresponding optimal tme lag) is a feature that can be exploited for the description of the
underlving model governing the evolution of the time series [35].

We employed a straightforward algorithm for the computation of the area of the embedded
attractor based on the direct assessment of the geomelric arca occupied by the set of points of the
trajectory matrix in the state space. The steps of Algorithm B read:
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(1) Compute the center of the mass of the points comprising the attractor. Move the origin of the
state space 1o the center of the mass.,

{2} Dhvide lhe state space of the attraclor inlo the slices wilh equal central angles of a circle centered
on the vrigin. The number of slices depends on the number of points in the observation window
af the lime series.

3y Setthe radius of each slice 10 the maximal distance between a point belonging Lo that slice and
the: prgin

4 Compute the area of the atiractor ¢ as the sum of areas of all slives,

As noted previously, the area 5, depends on ¢ We consder a fimle range of hime lag values

T= 1 wns Ty 3y 15 calculated for each value of 1. The area of the embedded attractor is maximized

in respect o T T, =arg{max$t}. The optimal time lag 1, can be ascd as a scalar identifier
T

represenling the geometrical features of the analyzed dala series in the corresponding observation
window. The computation of the optimal ime lag 7. can be considered as the information reduction
algorithm where a set of numbers in the original time series is mapped into a single scalar.

2,52 Example 1: Idendification of the Optimal Time Lag

We will conmder a nonhinear pendulum model with harmonic exatation as a paradigmatic
chaolic gscillalor in this example:

x'"+x' + anlx) = beoslwt) {4

Equation (1) exhibits a chaobic solution at b = 2048, w =§ [36] Figure 3 illustrates 500 data

points of the chaolic solution X = (X, .., Xgap )

0 Lo 200 300 400 K]

Figure 3, Time serles X = (X, Xg) representing a numerical selution (o Egquation (1) with initial
condilions () = 0 2'(0) = 4.

The images of embedded attractors for the time series depicted in Figure 3 using several different
walues of the Hime Tag 7 are presented in Figure 4.
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Figure 4. Examplea.of attractors for differem tdme lag values. ITnfa) =4 () r=12; () 7= 23; (d)
r=31:{g) r=43;:(f) T=150,

According to the algorithm presentod above, the first step is shifting the arigin to the center of
the mass.of the embedded attractor. The results of this procedure are illustrated in Figure 3. Note that
this trangformation does not impact the geometrical shape of the attractor.

Figure 5. Shifting the orlgin 1o the conter of mass of the atteactor for £ = 4 (a) the orlginal attractor;
{b) the origin shifted o the center of the mass of the ab actor,

We select the number of slices to be 45, The execution of steps 2 and 3 of te algonthm with the
six altractors (which correspond Lo six distind time lag values) shown in Figure 4 results in the
corresponding sliced dingrams iHustrated in Figure 6.
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Figure b, Sliced diagrams of the attractors shown i Figure 4,

The maximal value of 1 is set o 50, because the tota] number of data points in the observation
window is 500 thigher values of v would generate too short trajectory matrices), In order to compute
1. inthe range [1,50], the areas of embedded atiractors must be computed for each value of . A plot
representing the relationship between an area of the attractor £, and. 1 is presented in Figure 7. The
largest arca of the embedded attractor 5, = 24.9527 is achicved at 7, = 23,

25

20

‘Ergtimlll-r= 2?!:
e
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3 e 15 20 25 3 3B 40 45 30

Figure 7. The identification of optimal time lag value 7.

253, Congtruction of the Algorithm for the Estimation of the Geomeltrical Synchronization belween

Two Time Seres

Let X = (X, ... Xy} and V= (¥, ... ¥} be symchronously sampled time series of sizen. The
following procedure for the estimation of the geometrical synchronization between those twa lime
series. The steps of Algorithm C read:
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(1] Divide signals X and ¥ into T observation windows of size m {m should be large encugh to

enable the reconstruction of a meaningful atiraclor in the state space):
(6 ST Sy & (SR 1) IR ¢ S 1) -
) SRR S B SISV 4

{2) Compute optimal time lags for cach observation window for both time series using Algorithm
B. Such computations result in two vectors of optimal ime lags: rL:""rl:J:' j=1T). This
information reduction algorithm allows the identification of similarities between attractors
reconstructed brom ditferent time series from the geometrical peint of view. The variation of
optimal time lags reconstructed for a pair of tme series is used for the guantification of the
generalized geometrical synchronization between those time series,

{3) Caleulate the vector ol absolute differences between obtained oplimal time lags lor each

Ef'“ = [5?1 - rf";}| {f = LT} The differences betwien the optinmal time
lags are used as the metricof geometrical similarity between the analyezed time series,

(4] In order to identity the slow dynamics reflecting averaged changes in absolute differences
between optimal time lags for each data signal, divide the vector of absalute ditferences into

* = : ;
F = segments: |r_t;;_;:_”_,r....rf;;::”h =1.F). The number of paints A in each segment

obaereation window: T

should be large enough to produce 8 meaningtul averaging.
B = 1 = 1
(5] Caleulate the mean absolute difference 7o' =;Ej'?=lrff,.‘,ﬂ_1 jey 0= 1,F) between optimal
time lags for each segment The obtained vector of mean absolute differences 457 =
[ftﬂ'”'l_'::x'” . '.'._‘l.x" r] ic detined as 2 measure mpmsunling the Huumutrir:ul -Ayrlchr:}ni'}a!luh
between data signals X, ¥

254, Computational Validation of the Geometrical Synchronization Algarithm

To validate the analysis method, we used a system of two nonlinear pendulum maedels with

harmonic excitation (given in Equation (4% coupled with diffusive terms:

"+ x' + sin(x) = by cos{we) + ey — x)

¥+ ¥+ sin{y) = hs cos(al] + e(x — ¥, )
whene e *—*E:b. = 2.048; b, = 2.049 . The coupling parameter £ =€ determines the coupling
strength: low values of & correspond to low synchronization between the pendulum maodels, while
high values load to highly synchronized oscillations [38].

Two Hme series X = (X, 0L = (¥, Fy) of size n= 43,000 are illustreted in Figure 8
Time series X and ¥ are constructed as follows: lirstly, £ is set to zero and the equations are
integrated until transient processes die down. Then, the first 12,000 data points are sampled (first
quarter of Figure ). Atter sampling, 7 is set to D03 (weak diffusive coupling] and another 12,000
data points are sampled {second quarter of Figure 8), The pricess 15 repeated two more imes for ¢ = 0.1
in the third cpuarter, and £ = (1 in the last quarter, which aze shown in Figure 8.
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Figure §. Time series X (a) and ¥ (b} and the difference ¥ =V (¢}, obtained {rom numerical
ntegration ol the coupled nonlinear pendulum model (Eguation (5)). Dotled hnes separale time

intervals with different values tor the coupling parameters.

The time scties are divided into T = 160 segments of size m = 300 according to the first step
of Algorithm C (300 is a sutficient number of points to reconstruct a mearingtul altractor). MNext, the
oplimal time lags for each segmenl of both signals were computed using Algorithm B. The sel of
optimal time lags 7", 7'} (j = T,180) is presented in Tigure 9a.b.

Mow, absolule differences belween oplimal time fag veclors :ET W |l".""I 5 r:;l {j = 1,160)

o)
were compuited. The obtaimed vector is divided intg F = 16 segments of size i = 10, which results
y : ) XX LKY) XX - :
in the vector of mean absolute differences A = [r‘;I o s ]] illustrated in Figure Sc.
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Figure 9. The sets of optinal lime lags {a) r-.r and (b} r f’ for the lime series depicted in Figure 8.
Circlesin (o) denote the absalute differences r“m' hetween optimal time lags for X and ¥, The sofid

red line in (o] corresponds todhe averaged absolute differences A - ‘ﬁ"’:{”’ ‘[:ﬂ]_

This procedure allows us to identify and quantify the variable of geometrical synchronization in
Llime. The numerical values on the y-axis in Figure 9 can be interpreted as follows. %aller values of
" 1 indicate a greater magnitude of syndhronization in the respective segment, If #5974 equal o
l:l the corresponding synchronization can be considered as absolute sgm::hrumzaliun. Analogously,
the maximal possible value of 7 (equal to 49 in this Example) correspends to absolute
desynchronization. For the algorithm parameters used i this example, the cul point for
desynchronization is #7777 =15; ie, the signals are considered poorly synchronized in the
regpective segment for the averaged absolute differences of optimal time lags exceeding this value,

The chaotic oscillators given in Equation (5) are nonsynchronized in the first quarter of data
points (e = 0), which resulls in an average absolute of differences of optimal time lags ranging from
& to 21, When the coupling parameter is set to £ =003, the chaotic oscillators are weakly
synchronized, which is reflocted by the decreased values of AYYY Note that this effect i3 not ohvions,
and canniot be observed by simply considering the difference ¥ — ¥ (Figure 8c). Further, the coupling
parameter £ =01 resulls inan almost complete synchronization, as seen from both Figure 8c and
the near-zera vatues of AYY) in Figure 9¢ In the last quarter of data paints, ascillators are allowed
{0 evolve in the uncoupled regime at £ =0, which resulis in uncoupled chaotic oscillations,
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2.6, Clusterszetion of Multivergte Toane Series Based end Ther Synchreonizobion with o Muster Time Sevies

Suppose a set of time series XM = (X" L Xk =T and a master time series M =
(M}, .., My) are given. The objective of the tollowing procedure is to compare and clusterize time
series X' (= 1, ¥} based on their synchronization in respect to the master time series M. The steps
of Algorithm T read:

o s Er LT b I (P N X
(1) Compute the vector of mean absolute differenecs A4 = |1, o |, deseribing the
relationship between ¥™ and M as described in Algorithm C, foreach ¥,k =18,
{2) Calculate the Euclidean distance (the measure used to estimate the geometrical similarity of two
data vecturs) which represents the similarity hetween all K data signals, using the following
formula:

“Hu_xlﬁun — pxt ”l= = J[f;{-"“"-”) - ff-’f""--“JJ! AT (f:l""m)“ - l._;x“'.ﬁ})? =11
The above equation yields the symmetric matrix of Buclidean distanees.

(3 Construct a dendmogram plot (UPGMA) [37] using the obtained maler. The main goal of the
dendrogram is to identify the custers of similar time series, i, the custering process involves
gront pings the analyeed time serics based an the similarity of the stowes rhythm dynamics of their
synchronization with master time series M.

The pracedure described above was utilized in subscguent analysis ey identify the clusterization
ol a group of 20 people based on the sy nchronization of their HRV with the Muctuations in the Earth's
local magnetic field. These fluctuations are refllected by the power of the local magnietic field data.

3. Results
3.1 The Application of the New Analysis Techiiquie on HRV and Magnetic Fleld Dita

3.1.1. Obtaining the Pawer af Local Magnetie Tield during the Experiment

The local magnetic field penver data was Cl.tmputﬂd us]ug Hawe ma[;ur_-tic freld rnbensiby values [see
Algorithm A during the experiment [see Section 2.2.1), It is also Important to note one specific
feature of the acquisition process of the magnetamcter data. The magnetometer valucs are uploaded
tothe central server dt the end of each hour, and the ime required for the upload (s about one minate
Theroiore, the magnetometer data contains one minute-long periods of missing data that occur at the
errd of cach hour.

The local magnetic field power was calculated in the [requency range w € [0; 1] Hz, since the
low-frequency fluctuations of the magnetic field have the most significant impact on human
physiology, especially henrt and brain activity [29].

The normal heart rate for healthy adults is approximately 60 beats per minute, which implies
that the standard 1Bl is approximately one second, Thus, the power of the magnetic field was
compubed in one-second intérvals, in order b match the time scales of HRV and the local magnetic
Feld uariﬂbilil‘_l,'_

During the computation of the magnetic field power, the spectrogram was cropped using the
cropping level Sy = (K25, since emprirical observations indicated that this crogping level was most
effective al removing the spike type noise from the spectrograms.

3.1.2, [dentification of Clusters in the Groups Based on the Similarity/Synchronization between
Participants” HRV and Magnetic Field Activity

Algorithm D was applied to the experimental data (Sections 2.1 and 3.1.1) in order to identity
clusters of participants based on the slow dynamics of the synchronization between the participants'
HRV and the pawer of the local magnetic field.

According to Algorithm T3, the time series X,k = 1,20 represents the participants’ HRV data
collected during the expeniment. The master Hime series M corresponds to the time series of the
power of the local magnetic field measured during the time o the experiment.
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Since Algorithm D emplovs Algorithms B and C. the corresponding parameters for both of

those algorithms had Lo be selected:

(h

{2}

@

Ome of the steps of Algorithm Cis splitting the participant=" HRV and local magnetic ield power
{ime serfes into segments. The standard length of analysis for HRV is five minutes [38], Thus, inter-
beat (RR) interval and magnetometer data was splitinto five- minube segments for analysis. Note
that since HRY data congists of ime irtervals between each pair of heartbeats, the number of
samples in the data vectors corresponding to each five-minute segment varies due Lo changes in
the participants heart rate and other factors that influence FIRV, such as stress and emotiona)
states [39]. Since the power of the local magnetic field was computed for one-second time
intervals, the resulbing five-minule segments consisted of the same number of elements (300 data
points). However, the difference in the size of the segments of HRV and the power of the local
magnebc field lime series did nol impact Lhe overall resall of the study, since all of the segments
represented the same concurrent five-minute bme intervals.

We selecled Lhe number of slices in Algorilhm B o be 60 because il was empliocally observed
that a higher mumber would resull in some emply slices.

The maximal value of 7 in Algorithm B was set Lo 50. Higher values of T would generate too
shorl trajeclory malrices, because the five-minuie =epmwenils corsisliod of approximalely. 300
wlements.

The value of Ihe parameler & in Algorithm C, used for idenfification of slow dynamics of the
synchronization between the bwa Hime series, was sel (o 48, This corresponded 1o a foor-hour
averaging of the difference of the optimal time lags, 0 was observed that this value of h
preedueed the most meaningtul averaging,

As noted in Section 3.2 the magnetometer data contained one minute-long perinds of missing
datu at the end of each hour Since these periods m the time series did not contain any
information, it was necessary 1o remove those periods in such a way that would not disrupl the
timing between the HRV and magnetic field time series. The solution we implemented was to
remove the missing data segments from both the five-minute magnetometer data and from the
five-minute RR interval series. Since the cropped series obtained after this procedure fully
defined the five-minute series, they were used in the data reduction step.

We applied the dusterization technique on two-day and two-week data sels collected during

the experiment (see Section 3.2} in order to determinge how the ime span of the data set impacts the
qualily of the clusterizalion.

We firstly analyzed two days of damn (2015002427 18:05:00 through 201503/01 18:05:00).

Theretore, each individoai®s HREV and the magnetometer data consisted of 576 Hve-minute sepments,
i.e. T =576

Apcordimg to the Airststep of Algorithm D, the vector of mean absolute differences AXKMY (oa

compuied as described in Algerithm C, for gach X% & = TT0, The esecution of this step is
demimstrated in Figure 10
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Figure 10, The wheme of the application of Algorithm C on the experimental data. The horizental
axis of the depicled data corresponds lo the indices of the lime series,

The application of steps 2 and 3 of Algorithm D to the two-day (20150227 180500 through
2015/03/01 18:05:00) data resulted in the dendrogram plot depicted in Figure 11,

Euclidean distance betaean

HRV /Maguetic fiek] synchranization vectars

|
i

Ll i

7°20:13

D409 3w 5182

Person

% 1407 1001 05

Figure 11, Dendrogram plot fer the two-day (201502727 18:05:00 through 2015/03/01 18:0500) data.
Mumbers on fhe X axis vepresent participants (numbered fram 1 1o 20)
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The dendrogram depicted in the Tigure 11 is a visual representation of the geometrical
synchronization between HRV and the magnetic field for all 20 participants. Numbers on the X axis
represent parlicipants. The height of the branches of lhe dendrogram is proportional Lo the Euclidean
distance between HRV/Magnetic field synchronization veclors for corresponding participants,

[t can be seen in Figure 11 thal participants 7 and 20 are the closesl (or most similar) in the sense
of synchronization between their HRV and local magnetic field power lime series. The Euclidean
distance between The HRY and magnetic hield synchronization for the pair of parlicpants (7,200 1=
equal 1o 5.15. Al the opposile end of the spedrum, the participant 15 synchronization with the
magnetic field is least similar o any of the remaining parlicipants.

The variation of the slow dynames of the synchronization (Algorithm C) for two pairs of
participants, (7.20) and (7,15), is also illustrated in Figures 12 and 13, respectively, It can be seen that
there 18 a strong visible similarity between the synehronization dynamics for participants 7 and 20,
meaning that they are similarly synchronized with the local magnetic field, and form a clustor in the
dendrogram [Figure 11). On the other hand, there is no visible similarity in the synchronization
dynamics of individuals (7,15}, indicating that the reladonship between HRV and magnetic field
activity for thase participants is unlikely (Tigure 13). The Fuclidean distance between the HRV and
magnetic field symchronization for the pair of participants (7,13} is equal to 30.09.
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Figure 12, The variabion of the slow dynamics of the geametrical synchronization constrocted from
optimal time lags for participant 7 (red line) and participant 20 (blue line) for the time period betwoen
201502427 1H05:00-2015/0340 18:05:00,
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Figure 13, The vanation of Ahe stow dynamics of the geomelrical synchronizal:on constoucted from
optimal time lags for participant 7 (red line) and participant 15 (blue ling} {or the dme period between
201502/27 18:05:00-2015/03,01 13:05:00.

Next, the dendrogram plot (Figuee 14) for the entine two weeks (T = 4032) of the experiment
was obtained in an identical manner, The comparison of the twe-day (Figure 11} and two-week
(Figure 14) clusterization results shows that the tse of the data with the longer time span provides
better qualiby of clusterization, since the distances between the identified clusbers for two-week dala
(Figure 14} are grealer.
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Figure 14 Dendrogram plet for the two-week data, Numberson the X axds represent participants
(numbered from T e 3],

3.2 The Kelation betwven Synchnorizatioe Reswlts and the Paychologioa! Internctions beteven Participanty

321, Psychological Survey Data

In additiom lo the TTRV dala presented in Sechon 1, each persom’s physical and mental
comdition as well as the quality of interactions betwesn the individuals during the two-wesk
experiment were assessed, Bach paricpant compleled a questionnaire twice each day throughout
lhe two-week period, The queslionnaire consisbed of queshions concerning their physical, emotional,
social, and general stales (rating scale belween 0 and 10), At the end of each day, each participant was
alse asked to make alist of other partiapating individuals who they had interacted with that dav (if any)
and rate whether the interaction had positively (+1) or negatively (=1} affected them and (heir survey
responses. The quality of inlerachion data is shown in Table 1. The first column as well as the first
row of the table show the parlicipant rumber for cach of the 20 volunteers. The numbers in the
intersection rows and columns equal the sum of the row person ratings of the interaction with the
column person Tatings over the 14 days. IE, for example, the row person specitied four positive and
twio negative interactions with the column person during the two-week experiment, the overall
interaction value will equal 2. [t can be seen that the matrix is nonsymmetric, which means that it the
column person pasitively or negatively affected the row person, this does not necessarily imply that
the opposite is true. The maltrix is also sparse. since participants did not complete this part of the
survey if interactions did not oceur.

Table 1. Intecpersonal interaction data, gathered from all quesiionnaines.

N 1 2 3 T 5 & 7 & 9 W 11 12 W M 15 W 17 1E 19 20
1 I | 2 Z 1 1
2 i 2
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4 I E
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4 2 1 [

iy 4 3 I 4 1
] 1

1 1 -1
I3 1 £ 1 5 ! |
T4 2

] 2

e 2

I7

s

¥ 1 1 2 1 2 I I % 1 1 1

20 ! 1 3

Inorder Lo illusirate interaction data, the questionnaire malrix was visualized using (he direcled
weighted graph visualization technique (Figure 15). A line with an arrow pointing from person a o
person b ((he pair (a, b)) represents that person a fell positive aboul person b, The widih of the Tine
is proportional to the rumber of times such an interaction did occur, The graph gives a clearer picture
of “mulual affection” between the participants, Participants’ pairs (7,200 (2,10); (411 (Z.100; (1,12)
can be clearly identitied. However, it is impaortant o note that the “mutual affection” for pairs (4,11)
and (2,10) was not “balanced”, since the thickness of lines (4,11) and (11,4) as well as lines between
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(2,10rand (10,2} is substantially different. Consequently, only the pairs (7,20}, (2,14), and (1,12) show
bilateral “mutual positve interactions”.

-]

Figure 15. The graph of the evaluated interaction levels between participants. Nodes represent
participants (numbered from 1 16 20). A line with an actow poinling from pevsen o to b (a4, b),
represents fhat persen o feols positive ahol person B The width of the line iz P'mpnr!innal o thue

overall (#, 8] interaction valoe {sum of &'s ratings of the interaction with the b's ratings over the 14
davs).

The data from the questionnaires {physical, emotional, sodal, and general slate), was also
analyzed and examined for the occurrences of changes in participants” condilions in each domain.
Changes were most clearly evident in participant 15°s survey data. (Figure 16). The figure shows that
afler feeling good for the first two days of the experimental period, there was a change in his physical,

emotiomal, social, and general condition that drastically worsened and then recovered on the eighth
day of the experiment.
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Figure 16. Participant 15°5 change of slaius during seli-evaluation in points (max—10, min—{0; ¥ axis)
over the 14 days (X axds), The green, black, red, and blue lines correspond to the self-evaluation of
social, general, physical, and emctional states, respectively,

3.22, Comparison of Survey Data and the HEV/Magnetic Field Synchronization Results

The results of the HEY geamelrical synchronization with the magnetic field data (represented
by cluster diagrams in Seclion 3.1.2) were compared with the survey dalta {Section 3.2) in order 1o
determine if the two separate data sets {(sociclogical and physiclogical) revealed similar trends,

The dendrogram m Figre 14 shows that the synchronization between HRV and local magnetic
bield power for participants ¥ and 20 is mostly similar. Cn the other hand, the synchronization for
participant 13 is mostly different when compared to all other partidpants,

ILis interesting io observe that the pair of participants (7,20) is the mostly mulually positively
oriented pair according to the questionnaire data (Figure 15). Remarkably, participant 15 has self-
assessed his condition being the worst (out of all 20 participants) during the analyzed period of time.

Tt appears that the computational technique based on the identification of slow dynamics of the
synchronization belween TRV and local magnetic field can also reflect interpersonal relatiomships,
Partidpants reporling more positive stales and interactions were more similarly synchronized with
the magnetic field. Note that the questionmaire data was not used in the proposed algorithm, and
served only as a fool to assess psychological relationships within the group.

4, Dhscussion

This study developed and validated a novel computational approach using near-optimal chaotic
attractor embedding lechmiques for the identification of physiological synchronization among
individual group members’ slow wave rhythms i heart rate vanability and the degree of
synchronization with changes in the loecal geomagmetic field. This approach allowed us to identify
and quantify the degree of geometrical synchronization in fime. This new analysis method was
utilized to determine the degree of synchronization between Jocally obtained peomagnetic fields and
to dentify clusters of similar synchromzation patterns i a group of 20 people whose TRV was
conlinuously monitored over a two-week period as they wenl about their nommal day-to-day lives,

Through comparing the two-day and two-week clustenzation results, it can be seen that the two-
week data provided better separation of the clusters of participants, ie., the distances between the
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oomstructed clusters are greater, This demonstrates that the longer duration of the experiment
positively impacts the ability to dentify meaminghul clusters of mdividuals. However, . the
comparizen of the treo-day dendrogram with the survey data showeased that a shorler time span of
data provides a clearer detection of the changes in the participants’ cendition. This |s because the
changes in the participant’s condition can average ot over a long period of lime: Thus, such
investigations should be performed over both short and long time periods in order to obtain more
complete results,

To the best of our knowledge, this 15 Lhe fest study to incorporate psychological data gathered
throughout the experiment in the context of physiological synchronization to other group members
and with the Enrth’s timevarying magnetic fields,

Interestingly, the synchromeation befween the groups’ slow wave dynaomics of RR infervals and
the warabion of the local magnetic hield were consistent with the psychological data gathered
throughout the expenment. When individual pairs reported more stress in therr interpersonal
relationships, they were less synchronized. This could imply that both the physiological and
psychalogical variables were influenced by the Hme-varying magnetic fields in the environment, On
tho ethier hand, it may indicate that pne's level of stress and emetional state modulatos the capacity
o synchronize 1o olher group members and the Farth™s magnehc feld. Fiber way, this finding
sugpests thal peychological slales may be a factor in mediating the level of physiological
synchromzation between people and wath the rhythms in the Earth's magretic held,

Although the specific details for how geomagnetic fields influence human psychophvsiology are
not yet fully understood, a potential explanation is through a resomant coupling between the nervous
systemoand filed line resonances (Alfbvén waves), or standing waves in the Earth-ionosphere resonont
cavily (Schumann resonances) thal overlap with phvsiclogical rhythms [30]. However, a growing
body of research strongly sugpests that solar and magnretic influences alfecl a wide range of human
health and behavioral processes with the cardiovascolar and nervens systems being the mast clearly
atfected.

Crverall. the study demonstrated that the slow wave thythms in heart rate varability can
synichromze with local magnetic field data, and that the degree of synchromzation 1s affected by the
qualily of interpersonal relationships. When bwo or more persons respond o some changing
environmental factor in a similar way and are emoticnally close as measured by an independent
metrie (such ag the survey or a dired comparison of their HRY attractors over time), then their
respanse patterns (o the environmental factor are less Likely o result from chanee.

5. Conclusions

The results of this study are consistent with other studies showing that daily autonomic nervous
system activity responds to changes in geomagnetic activity. [t also confirms these findings inalarger
group and by usng a different analysis approach; Le, the observation of slow wave dynamics
geeurring in people’s heart rhythms over many hours o days, In addition, it also confirms the
surprising degree of synchronized activity bebween the slow wave dynamics in hkeart rhythms and
changes in he Earlh's lime-varying magnetic field in a requency range that includes bolh Schumann
resonances and peomagnetic field line resomances, which have similar frequencies as the rhythms
produced by human brains and hearts.

Supplementary Materials: The following are available online &t weew mdpi com /L 660-46010 1899981, Fthical
Staternent KAUNC REGIONINIG BIOMEDICINIU TY RIMU ETIKOS KOMITETAS
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Annex 1
7
KALUNG REGIONINIS BIOMEDICININIY TYRIMU ETIKOS KOMITETAS
Limigvas svesknins maks) i ficnevidia: | 44307 {aurps - 7 32 6 i) pbans: kavan orble o

LETDIMAS ATLIKTI BIOMEDICININT TYRTM 4
2015-12-23  Nr. BE-2-51

Biomedicininio nvrimo pavadinimas: "Psichufiziologiniy Zmogaus parametry sgsajos so Zemés
magnetinio lauko svyravimais Lictuvoje"
Prawokols Ne.: Joffe-Vain-1
Dis: 2015-12-16
Versija: 2 -
Agmens informavime foma VYersijo 2, 20M5-12-16
Poprindinis tyréjas: Frof. hahil. dr. Alfonsas Vainoras
Biomedicininio tyrime victa: Listuvns sveikatos moksly universitetas
Istaigns pavadinimas, Sveikatos tyrimy institutas
CAdresps: - Betonuotogy . 4, Kainas
{5vadu:

Fauno regionino bomedicininiy Grimy eikos komitete posedfio, jvykusio 2015 m. gruodtio mién,
22 d. {protckolo Nr, BE-10-12) sprendinu pritera biomedicininio tyrimo vwhdymu

Mk slinio eksperimento vikdyiojei imparetgoin: (1) redzlsiam mformmuon Kemo Regioninj biomedicininiy Tyrimy Fxikos
kuritety apie visns nenumetynes stvejus sustjusias s stedios svldymu, (2) i sansio 15 dienas — pateilti melni studijos
wykalviro apibendrinimg bei, €35 psr ménes| po siudijos utbaipimo, pateisti galuting pracciims apic chsperiments.

Kaund rewoninio b pedicinimy teromg clikis Kopieso maria
N1 Vardas, Povarde .  Weiklos sritis Dulyvave posecyie
S i Prof, Romnldas el Klimkims farmakologijs taxig
2 Prof. Edgaras Stankevidins Fiziolngija, farmaladogin | [
3. Doc. Eimenias Peibius Filosofija tain
4 Dr. Ramund KiparviClend Kalbotyra wmp
5 Med. dr. Jonas Andriufkevicius Chirurgija i
b Apme Krufiinskiie Tz g
i Prof Shoydnus Milinuskus Pulmimelogije, vidus ligos | tmip
_H Mzl o, Rohian Biedones Chirurzije nie
o Eglé Vaidpelisng Visuumends sveikaw ne =

Kaune regivaints boomedicininiy tycity etikos komiieas dirba sadoveudamasis elikos principsis nostayiss '.ﬂm;mmhur

Pirmininkas i E
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LR Asmens duomeny eisinés apsavgos lstatymo 10 sir. 3 punkias numate, jog ssmens duomenys apie
asmens Sveikata avtomatiniu bide, taip pat mokslinio medicininio tyrimo tikelais gali b tvarkomi tik
prasefus Valstybinei duomeny apsauges lispekeijai. Sive atveju Valstybing duomeny apsaugos inspakelja
privalo niliki iSanksting patilora.

Pasihaiges tyrimul, tyréjas ar tyrimn uisakevas privalo informuoti KRETEK raStu aple tyrimn
pahaiga el pateikd oyrimo ataskaitos saptravks. Aflickant hiomedicininio tyrimo pakeitimus
bittina gauti Kauno regioniniv bicmedivininio rvrimo etikos komitete pritarima pakeitimamy,

Heikalavimas patetkt pranedimg apic tyeimo pabaiga bei amaskaros santravky jsigalinge nuo 2000 m
gepuies 6.4, 8 reiknluvimy rasite Lietuvos Respublikos sveikatos apsauges ministro jsakymo "Del
leiclimy atlikni Biomadicining tyrimy isdavino tvarkos apraso parvirtinimo® (#1n., 2008, Nr. 6:225; 2010,
Nr. 55 2T06; 2017, e, 233-1570: Nr. 67-3184) 18! punkle . Leiclims atiikii biumediciniaf naeiomg galiofa
ikf Bromedicinimio rino paraiifnje nurodos yrimo pabaigos devos. Blomedicininiy fyrtmy wisakevas,
jo rgerdiclag cdstoves (v fur) pagredinly Deefuy per 30 kalendoringg dicny privalo rasti pranesii feiding
artikei biomedicining wimg Sdavusial nstitneiion (Lictivas bioehkos Komitetul ar regronmiam
biewmedicinirmhy bearimy et tkay Bamilednt) aple ueimo pabadga ie per OO kebeadarindy diery pate ikl teeluo

vikdume ataskaitos saniratika .

|sak yino nuostatz tkoma visioms biomedicininioms tyrimams,
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Kodas Pildymo data:

Pildymo laikas: __ val.

Annex 2

__min.

Prasome atsakyti j zemiau pateiktus klausimus, pasirenkant Jums tinkamiausig atsakyma i$
pateikty, arba jrasant savo (kur prasoma jrasyti).

Jisy Seimyninis statusas? Jisy iSsilavinimas? Jusy amzius (jrasykite):

nevedes/netekéjusi pagrindinis
vedes/istekéjusi vidurinis
iSsiskyres (-usi) profesinis

turiu sugyventinj (-¢)
naslys (-é)

aukStasis neuniversitetinis
bakalauro laipsnis
magistro laipsnis

Jisy Iytis (pabraukite):

vyras
moteris

aukstesnis nei magistro laipsnis

Taip
Ne

Ar reguliariai uzsiimate
fizine veikla?

Irasykite savo svorj:

Irasykite savo Gigj:

SF-12v2® Hedl th Survey © 2003, 2012 Medical Outcomes Trust and Quality Metric I ncorporated.

All rights reserved.

Fizinis gyvybingumas — koks $iuo metu
yralJusy fizinés energijos lygis?

1. Zemas energijos lygis (silpnumas,
nuovargis)

2. Nei Zemas, nei aukstas

3. Auksas energijos lygis (stiprumas,
energingumas)

Socialinis bendravimas — kokia $iuo metu
yralJisy socialiniy santykiy kokybé?

1. Visai nebendrauju (vieniSumas, konfliktai,
atstiimimas)

2. Nei Zemas, nei aukstas

3. Turiu stiprius socialinius santykius
(8bipusis priémimas, harmonija)

Emocinis gyvybingumas— kokias emocijas
§iuo metu jauciate?

1. Neigiami jausmai (liidesys, herimas,
pyktis)
2. Nei neigiami, nei teigiami
3. Teigiami jausmai (ramybé, laimé,
entuziazmas)

Bendra geroveé — kg Siuo metu jauciate

galvodamas (-a) apie savo gyvenimg?

1. Gyvenimas yra sunkus (daug sukrétimy)

2. Nei neigiami, nei teigiami

3. Gyvenimas yra puikus (saviredlizacija,
pilnatvés jausmas)
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Annex 3

Normality
Table A3.1. Distribution of health indicators
Mean | Median | Standard Deviation | Skewness | Kurtosis
Physical vitaity 347 3 1.10 -0.31 -0.39
Emotional vitality 3.62 4 1.07 -0.37 -04
Social connectedness | 3.88 4 1.06 -0.68 -0.21
Overall wellbeing 3.70 4 1.13 -0.66 -0.16
SF physical 53.64 | 55.42 7.01 -1.03 1.66
SF mental 4479 | 45.33 10.44 -0.36 -0.13
n n
1.250 1 o 1.250 - s,
10000 ~ \ 1.000 - \
] A | I
750 - / 75() - '
/ ;
SR / 500 4 /
250 R 250 - 7 \
I:] /l T T T ¥ ﬂ T l/ T T T T
0 1 2 3 4 5 060 0 2 3 4 3 [
A Physical vitality B Emuotional vitality

Fig. A3.2 (A-B). Visual distribution of health indicators
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Fig. A3.2 (C-F). Visual distribution of health indicators
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Table A3.3. Distribution of GMF indicators

Frequency Mean Median | Standard Deviation | Skewness | Kurtosis
0-35Hz 69.34 66.44 19.91 0.9 1.24
35-7Hz 33.03 31.2 18.21 2.43 9.48
7-15Hz 72.13 72.25 35.39 271 13.33
15-32 Hz 115.44 108.34 61.08 4.19 26.14
3266 Hz 557.38 560.22 119.27 0.54 2.46
0-66 Hz 847.32 832.31 21552 2.36 12.62

n n
J0H0) e
KLUV 300 - i
all] J
200 = L 2000 h
A i i
11IAS

1001 4 10003 - \\

0 _Fn"'_n-i ! | r‘[”-ﬂﬁﬁsl‘ﬂ:ﬂ i -’-Hrﬁhn T 11
2N 50 7h o 123 i 35 5 75 100 125
A Freguency 0-3.5 He B Frequency 3.5-7 He

Fig. A3.4 (A-B). Visual distribution of GMF indicators
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Fig. A3.4 (C—F). Visual distribution of GMF indicators
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Annex 4

Table A4.1. Health indicators and geomagnetic field at actual time and with lagging
intervals. P values included

Health indicator 0-35 3.5-7 7-15 15-32 | 32-66 0-66

Hz Hz Hz Hz Hz Hz
Physical rho| 0.040° | 0.039° | 0.020 | 0.015 | —0.005 | 0.014
vitdity P 0.02 0.024 | 0252 | 0388 | 0772 | 0.427
Emotional rho| 0029 | 0.027 | 0015 | 0008 | 0.000 | 0.010
vitality P 0093 | 0111 | 0391 | 0619 | 0998 | 0541
Social rho | —-0.016 | —-0.023 | -0.036" | -0.022 | 0.012 | —-0.002
oh connectedness | P 0.342 | 0176 | 0.033 | 0.206 0.49 0.885
Overall rho| 0.052° | 0.047° | 0.034" | 0.030 | 0.007 | 0.027

wellbeing P 0.002 | 0.005 | 0.043 | 0.077 | 0663 | 0.108
rho| 0.029 | 0036 | 0.042° | 0.050° | 0.017 | 0.040"

SEphysical (om0 086 | 0035 | 0014 | 0003 | 0306 | 0021

SF mental rho| 0.048 | 0.027 | 0001 | 0.004 | 0029 | 0.027

P 0005 | 0111 | 0949 | 0.834 | 0.089 | 0.108

Physical rho| 0.034° | 0.035 | 0.035 | -0.003 | —-0.033 | —0.018
vitdity P 0.045 | 0.038 | 0038 | 0866 | 0.055 | 0.281
Emotional rho| 0.042° | 0.052° | 0.064" | 0.034° | —-0.008 | 0.012
vitdity P 0.013 | 0.002 0 0.044 | 0621 | 0.484
Social rho| 0.038° | 0.041° | 0058 | 0.031 | 0.005 | 0.022

12h connectedness | P 0.024 | 0015 | 0.001 0.07 0.787 | 0.188
Overall rho| 0.038° | 0.037 | 0.030 | 0.001 | -0.015 | —0.003

wellbeing P 0.026 0.03 0074 | 0935 | 0383 | 0.877
rho| 0008 | 0012 | 0.000 | —-0.022 | -0.011 | —0.012
P | 0621 | 0471 | 0981 0.2 0532 | 0.494
rho| 0.102° | 0.110° | 0.119° | 0.065 | —0.026 | 0.026
P 0 0 0 0 0127 | 0.124

SF physical

SF mentd
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Table A4.1. Continued

Health indicator 035 | 357 | 715 | 1532 | 3266 | 0-66
Hz Hz Hz Hz Hz Hz

Physical rho| 0.015 | 0.011 | 0.005 | 0.004 | —0.002 | 0.000
vitality P 0.37 0.524 0.78 0.815 | 0.911 0.98

Emotional rho 0 -0.007 | -0.002 | —0.004 | —0.007 | —0.008
vitality P 0981 | 0701 | 0921 | 0801 | 0.701 | 0.632

Socia rho | —0.033 | —-0.038" | —0.048" | —-0.034" | 0.009 | —0.018

24h connectedness | P 0.04 0.025 0.005 0.045 0.601 0.278

Overall rho| 0.018 | 0.021 0.02 0.015 | -0.019 | —0.004
wellbeing P 0.305 | 0.216 0.25 0.374 | 0266 | 0.819

SF physica rho| 0.026 | 0.039° | 0036 | 0.044° | 0.013 | 0.032

P 0.125 | 0.021 | 0.034 0.01 0.456 | 0.064

SF mental rho| 0.002 | -0.012 | -0.025 | —-0.029 | —-0.018 | —0.027

P 0.885 | 0484 | 0.147 | 0092 | 029 | 0.109

Physical rho| 0.035 | 0.042° | 0.046° | 0.009 | —0.031 | —0.014
vitality P 0.038 | 0.014 | 0.007 | 0581 | 0.073 | 0.409
Emotional rho | 0.040° | 0.053° | 0.063° | 0.037° | —0.006 | 0.009
vitality P 0.02 0.002 0 0.03 0.743 | 0593
Socia rho| 0.016 | 0033 | 0.054° | 0.03 0.007 | 0.014

a6h connectedness | P 0.353 | 0.051 | 0.002 | 0077 | 0703 | 0.399

Overall rho| 0.032 | 0.038 | 0038 | 0011 | -0.014 | —0.006
wellbeing P 0.063 | 0.025 | 0028 | 0519 | 0423 | 0.741

SF physica rho| —0.028 | -0.019 | -0.02 | -0.022 | —0.004 | —0.015

P 0.107 | 0269 | 0246 | 0.203 | 0.798 | 0.375

SF mental rho| 0.093° | 0.107° | 0.109° | 0.050° | -0.015 | 0.026

P 0 0 0 0.004 0.39 0.136
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Table A4.1. Continued

Health indicator 0-35 3.5-7 7-15 15-32 | 32-66 0-66

Hz Hz Hz Hz Hz Hz
Physical rho | 0.019 0.02 0.006 | 0.006 | —0.016 | —0.007
vitdity P 0269 | 0232 | 0708 | 0.738 | 0.345 | 0.677
Emotional rho | —=0.005 | —0.013 | —0.023 | —0.027 | —0.036" | —0.042"
vitdity P 0.747 | 0.459 0.18 0.109 | 0.036 | 0.014
Social rho | -0.041" | —0.043" | -0.058" | -0.051" | —0.036" | —0.055"
A8h connectedness | p 0.017 | 0012 | 0001 | 0.003 | 0.033 | 0.001
Overall rho| 0.018 | 0.017 | 0.003 | -0.011 | -0.051" | —0.039"

wellbeing P 0289 | 0328 | 0871 | 0522 | 0.003 | 0.022
rho| 003 | 0.045° | 0035 | 0031 | -0.015 | 0.012
P 0075 | 0008 | 0043 | 0071 | 0392 | 0479
rho | —0.013 | —-0.033 | —0.049" | -0.043" | —0.009 | —0.034"
P 0435 | 0056 | 0004 | 0011 | 0611 | 0.048

Note: * indicates P<0.05.

SF physical

SF mentd

Table A4.2. Health indicatorsand geomagnetic field during spring season. P valuesincluded
0-35 357 7-15 15-32 | 3266 0-66

Health indicator

Hz Hz Hz Hz Hz Hz

Physical rho | 0.068* | 0.071* | 0032 | 0.040* | 0.038 | 0.052*
vitaity P 0.001 | 0.000 | 0.108 | 0.047 | 0.060 | 0.009
Emotional rho | 0.059* | 0.068* | 0.041* | 0.040* | 0.037 | 0.053*
vitdity P 0.003 | 0.001 | 0.039 | 0.043 | 0.066 | 0.008
Social rho| 0001 | 0.009 | -0.018 | 0.009 | 0.046* | 0.036

oh connectedness| p 0954 | 0666 | 0.362 | 0.655 | 0.020 | 0.070
Overall rho | 0.080* | 0.086* | 0.053* | 0.055* | 0.041* | 0.061*

wellbeing P 0.000 | 0.000 | 0.008 | 0.006 | 0.038 | 0.002
rho | —0.038 | —0.042* | —0.061* | —-0.034 | 0.016 | -0.010
P | 0060 | 0037 | 0002 | 009 | 0.418 | 0.635
rho | 0.096* | 0.081* | 0.039 | 0.055* | 0.074* | 0.081*
P | 0000 | 0000 | 0054 | 0006 | 0.000 | 0.000

SF physical

SF mentd
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Table A4.2. Continued

Health indicator 0-3.5 3.5-7 7-15 15-32 | 3266 0-66

Hz Hz Hz Hz Hz Hz

Physical rho | 0.058* | 0.052* | 0.051* | 0.017 | -0.016 | 0.007
vitdity P 0.004 | 0010 | 0.011 | 0385 | 0431 | 0742
Emotional rho | 0.058* | 0.065¢ | 0.073* | 0.047* | 0.011 | 0.034
vitdity P 0.003 | 0.001 | 0.000 | 0.019 | 059 | 0.091
Social rho | 0.063* | 0.053* | 0.065¢* | 0.036 | 0.013 | 0.039*

oh connectedness | p 0.001 | 0.008 | 0001 | 0.072 | 0504 | 0.048
Overal rho | 0.056* | 0.047* | 0.030 | 0.004 | 0.006 | 0.020

wellbeing P 0.005 | 0.017 | 0.131 | 0856 | 0.746 | 0.323

rho | 0.032 0.029 0.020 0.008 | 0.040* 0.039

SF physical
P 0112 | 0.150 | 0.322 | 0.689 | 0.044 | 0.050
rho | 0.132* | 0.139* | 0.143* | 0.093* | —0.018 | 0.054*

SF mental
P 0.000 | 0.000 | 0.000 | 0.000 | 0.379 | 0.008
Physical rho| 0.014 | 0.008 | -0.013 | -0.001 | 0.016 | 0.009
vitality P 049 | 0686 | 0529 | 0946 | 0414 | 0653
Emotional rho| 0.007 | 0.004 | 0.002 | 0.013 | 0.019 | 0.020
vitality P 0735 | 0.835 | 0914 | 0522 | 0332 | 0.327
Socia rho | —0.038 | -0.032 | —0.053* | —-0.021 | 0.026 | —0.003
oah connectedness | p 0.058 | 0.105 | 0.008 | 0.303 | 0.200 | 0.890
Overall rho| 0.027 | 0.031 | 0.019 | 0.030 | 0017 | 0.024

wellbeing P 0178 | 0.118 | 0.340 | 0132 | 038 | 0.232

rho | -0.049* | —0.055* | -0.077* | -0.047* | 0.011 | -0.021

SF physical
P 0.015 0.006 0.000 0.020 0.572 0.295

rho | 0.011 0.006 | -0.015 | —0.003 | 0.010 0.001

SF mentd
P 0.582 0.754 0.446 0.870 0.635 0.943
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Table A4.2. Continued

Health indicator 0-35 3.5-7 7-15 15-32 | 3266 0-66

Hz Hz Hz Hz Hz Hz

Physical rho | 0.064* | 0.066* | 0.067* | 0.027 | —0.012 | 0.015
vitality P 0.001 | 0001 | 0001 | 0.175 | 0564 | 0.461
Emotional rho | 0.064* | 0.080* | 0.087* | 0.056* | 0.014 | 0.036
vitdity P 0.001 | 0.000 | 0.000 | 0.005 | 0473 | 0.071
Social rho| 0.035 | 0.042* | 0.054* | 0.029 | 0.012 | 0.024
a6h connectedness| p 0079 | 0037 | 0007 | 0152 | 0554 | 0.225
Overall rho | 0.047* | 0.053* | 0.048* | 0.022 | 0.006 | 0.017

wellbeing P 0.020 | 0.008 | 0.016 | 0268 | 0.750 | 0.390

rho | —0.003 | 0.008 0.009 0.014 | 0.046* 0.037

SF physical
P 0876 | 0694 | 0.644 | 0.487 | 0021 | 0.066
rho | 0.111* | 0.124* | 0.130* | 0.062* | —0.003 | 0.043*

SF menta
P 0.000 | 0.000 | 0.000 | 0.002 | 0.870 | 0.031
Physical rho| 0.020 | 0.028 | -0.002 | 0.017 | 0.007 | 0.009
vitality P 0323 | 0154 | 0912 | 0408 | 0.709 | 0.668
Emotional rho | —0.009 | —-0.006 | -0.032 | —0.024 | —0.022 | —0.034
vitality P 0655 | 0.772 | 0.115 | 0238 | 0.264 | 0.090
Socia rho | —0.048* | —0.042* | —0.069* | —0.049* | —0.028 | —0.049*
8h connectedness | p 0.017 | 0034 | 0001 | 0014 | 0159 | 0.013
Overall rho| 0.018 | 0.023 | -0.012 | —0.008 | —0.033 | —0.029

wellbeing P 0378 | 0246 | 0545 | 0.698 | 0.100 | 0.152

rho | —-0.035 | -0.039 | -0.073* | -0.052* | -0.012 | —-0.035

SF physical
P 0.079 0.053 0.000 0.010 0.542 0.081

rho| 0.005 | -0.010 | -0.049* | -0.025 | 0.014 | -0.011

SF mentd
P 0.789 0.627 0.014 0.208 0.471 0.597

Note: * indicates P<0.05.
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Table A4.3. Health indicators and geomagnetic field during fall season. P values included

Health indicator 035 | 357 7-15 | 1532 | 32-66 | 0-66
Hz Hz Hz Hz Hz Hz
Physical rho | -0.027 | —0.050 | -0.011 | —-0.082* | -0.115* | —-0.109*
vitality P 0407 | 0129 | 0.740 | 0.012 | 0.000 | 0.001
Emotional rho | -0.050 | —0.062 | —0.033 | —0.071* | —0.087* | —0.094*
vitality P 0123 | 0.058 | 0.317 | 0.029 | 0.008 | 0.004
Social rho| 0009 | -0.034 | —-0.011 | -0.017 | —-0.059 | —0.052
oh connectedness | p 0790 | 0297 | 0732 | 0593 | 0071 | 0113
Overall rho | -0.015 | —-0.043 | 0.007 | -0.030 | -0.079* | -0.075*
wellbeing P 0653 | 0194 | 0.829 | 0.362 | 0.015 | 0.021
. rho| 0.034 | 0.005 | 0.082* | 0.042 | —0.037 | -0.013

SF physical
P 0.297 | 0877 | 0012 | 0202 | 0252 | 0.697
rho| 0005 | -0.005 | 0.036 | -0.041 | -0.072* | —0.059

SF mental
P 0872 | 0879 | 0270 | 0205 | 0.026 | 0.072
Physical rho | -0.045 | —0.014 | -0.007 | —-0.055 | —0.080* | —-0.076*
vitality P 0.168 | 0659 | 0.825 | 0.090 | 0.014 | 0.021
Emotional rho| —-0.017 | 0.010 | 0.044 | 0.002 |-0.070* | —0.048
vitality P 0596 | 0.749 | 0.174 | 0943 | 0.031 | 0.140
Social rho | —0.055 | —0.020 | 0.013 | -0.004 | -0.044 | —0.044
oh connectedness | p 0090 | 0533 | 0684 | 0.893 | 0176 | 0.179
Overall rho| —-0.022 | 0.011 | 0.045 | 0.001 |-0.071* | —0.053
wellbeing P 0509 | 0729 | 0.170 | 0968 | 0.030 | 0.105
. rho | —-0.016 | 0.028 | 0.017 | —-0.039 | —-0.077* | —0.067*

SF physical
P 0630 | 0.396 | 0596 | 0.236 | 0.018 | 0.039
rho | —-0.030 | -0.012 | 0.021 | -0.041 | -0.086* | —0.076*

SF mental
P 0353 | 0713 | 0513 | 0212 | 0.009 | 0.021
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Table A4.3. Continued

Health indicator 0-35 3.5-7 7-15 15-32 | 3266 0-66

Hz Hz Hz Hz Hz Hz
Physical rho| 0.024 | 0.002 | 0046 | 0.006 | —0.050 | —0.029
vitality P 0467 | 0958 | 0.156 | 0.848 | 0128 | 0.369
Emotional rho | —0.015 | —0.044 | 0.003 | —0.035 | -0.066* | —0.062
vitality P 0653 | 0181 | 0926 | 0291 | 0.043 | 0.059
Social rho| 0.045 | 0.023 | 0058 | 0.014 | -0.023 | -0.008
oah connectedness| p 0.169 | 0474 | 0077 | 0671 | 0483 | 0.806
Overdll rho | —0.016 | -0.039 | 0.013 | -0.052 | -0.106* | —0.100*

wellbeing P 0615 | 0234 | 0699 | 0114 | 0001 | 0.002

rho | 0.076* | 0.080* | 0.117* | 0.084* | -0.015 | 0.025

SF physical
P 0.019 | 0014 | 0000 | 0010 | 0654 | 0.439
rho| 0054 | 0015 | 0.059 | -0.029 |-0.078* | —0.057

SF mental
P 0.101 | 0643 | 0072 | 0383 | 0.017 | 0.080
Physical rho | —0.057 | -0.024 | -0.007 | -0.022 | —0.078* | —0.077*
vitality P 0.082 | 0468 | 0836 | 0501 | 0.016 | 0.018
Emotional rho | —0.048 | -0.035 | 0.003 | 0.002 |-0.066* | —0.060
vitality P 0145 | 0281 | 00932 | 0958 | 0.044 | 0.067
Social rho | —0.058 | —0.005 | 0.039 | 0.030 | -0.030 | —0.025
a6h connectedness| p 0.074 | 0880 | 0230 | 0365 | 0364 | 0.443
Overal rho| —0.014 | 0.012 | 0.030 | 0.005 | —-0.064 | —0.046

wellbeing P 0675 | 0.706 | 0354 | 0.888 | 0.052 | 0.161

rho | —-0.053 | -0.013 | -0.009 | -0.029 | —0.066* | —0.067*

SF physical
P | 0103 | 0688 | 0781 | 0374 | 0042 | 0041

rho | 0.015 0.031 0.023 0.003 | -0.079* | —0.053

SF menta
P 0.645 0.349 0.475 0.926 0.016 0.106
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Table A4.3. Continued

Health indicator 035 | 357 7-15 | 1532 | 32-66 | 0-66
Hz Hz Hz Hz Hz Hz
Physical rho| 0.002 | -0.013 | 0.017 | —-0.028 | -0.072* | —0.054
vitality P 0956 | 0.690 | 0594 | 0.397 | 0.028 | 0.101
Emotional rho| 0.003 | -0.020 | 0.004 | —0.038 | —-0.069* | —0.060
vitality P 0917 | 0550 | 0.899 | 0.246 | 0.034 | 0.065
Social rho| 0010 | 0.008 | 0.039 | 0.007 | —-0.052 | —-0.032
8h connectedness | p 0748 | 0.807 | 0233 | 0.833 | 0.108 | 0.327
Overall rho| 0.001 | -0.020 | 0.021 | -0.034 | -0.093* | —0.075*
wellbeing P 0964 | 0543 | 0524 | 0301 | 0.004 | 0.023
. rho| 0.058 | 0.050 | 0.101* | 0.032 | —0.021 | 0.009
SF physical
P 0078 | 0.129 | 0.002 | 0324 | 0519 | 0.789
rho| —0.011 | -0.034 | 0.024 | -0.025 | -0.069* | —0.053
SF mental
P 0741 | 0303 | 0455 | 0439 | 0.036 | 0.102

Note: * indicates P<0.05.

Table A4.4. Health indicators and geomagnetic field in men group. P valuesincluded

Health indicator 035 | 357 7-15 | 15-32 | 32-66 | 0-66
Hz Hz Hz Hz Hz Hz

Physical rho | 0.027 | —0.009 | —0.051 | —0.037 | 0.002 | -0.008
vitality P 0378 | 0.759 | 0100 | 0228 | 0943 | 0.801
Emotional rho | -0.016 | —0.029 | —0.049 | -0.052 | 0.016 | —0.009
vitality P 0608 | 0342 | 0114 | 0.091 | 0597 | 0.779
Social rho | -0.024 | —0.024 | —0.051 | -0.034 | 0.009 | —0.008
oh connectedness| p 0442 | 0434 | 0098 | 0264 | 0774 | 0.786
Overall rho| 0.011 | 0.003 | -0.031 | -0.036 | -0.017 | -0.017
wellbeing P 0726 | 0922 | 0316 | 0249 | 0573 | 0581
. rho| 0054 | 0.023 | —-0.028 | 0.004 | 0.004 | 0.014

SF physical
P 0.079 | 0452 | 0362 | 0893 | 0.886 | 0.652
rho | 0.007 | —0.025 | -0.072* | -0.064* | 0.016 | —0.018

SF mental

P 0.810 | 0422 | 0020 | 0.038 | 0610 | 0.565
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Table A4.4. Continued

Health indicator 035 | 357 7-15 | 15-32 | 32-66 | 0-66
Hz Hz Hz Hz Hz Hz

Physical rho | 0.088* | 0.089* | 0.099* | 0.030 | —0.050 | —0.009
vitality P 0.004 | 0.004 | 0001 | 0326 | 0106 | 0.767
Emotional rho | 0.083* | 0.094* | 0.131* | 0.083* | —0.020 | 0.024
vitality P 0.007 | 0.002 | 0.000 | 0.007 | 0518 | 0.444
Social rho | 0.073* | 0.074* | 0.093* | 0.039 | -0.013 | 0.020
oh connectedness| p 0.018 | 0.016 | 0.003 | 0204 | 0666 | 0.525
Overdll rho | 0.060 | 0.067* | 0.077* | 0.043 | -0.015 | 0.017
wellbeing P 0.053 | 0.031 | 0013 | 0168 | 0638 | 0.581
. rho | 0.083* | 0.080* | 0.060 | —0.013 | —0.048 | —0.022

SF physical
P 0.007 | 0.009 | 0051 | 0672 | 0119 | 0.486
rho | 0.165¢ | 0.176* | 0.197* | 0.125¢ | —0.043 | 0.050

SF mental
P 0.000 | 0.000 | 0.000 | 0.000 | 0161 | 0.107
Physical rho | —0.055 | —-0.072* | —0.093* | —0.089* | —0.029 | —0.062*
vitality P 0.075 | 0.020 | 0.002 | 0.004 | 0345 | 0.043
Emotional rho | —0.093* | —0.089* | -0.075* | —0.051 | 0.007 | —0.029
vitality P 0.002 | 0004 | 0.015 | 0.098 | 0.818 | 0.348
Social rho | -0.067* | -0.062* | —0.079* | —0.043 | —0.005 | —0.034
oah connectedness| p 0.030 | 0043 | 0011 | 0164 | 0879 | 0271
Overdll rho | =0.049 | -0.040 | —0.040 | —0.009 | 0.012 | -0.004
wellbeing P 0115 | 0195 | 0194 | 0.765 | 0.705 | 0.888
. rho | 0.024 | —0.013 | —-0.059 | -0.052 | —0.053 | —0.051

SF physical
P 0440 | 0670 | 0.056 | 0.094 | 0.089 | 0.099
rho | —0.070* | —0.083* | —0.096* | -0.062* | 0.018 | —0.029

SF mental
P 0.024 | 0.007 | 0.002 | 0.046 | 0564 | 0.341
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Table A4.4. Continued

Health indicator 035 | 357 7-15 | 15-32 | 32-66 | 0-66
Hz Hz Hz Hz Hz Hz

Physical rho | 0.097* | 0.119* | 0.152* | 0.071* | -0.041 | 0.020
vitality P 0.002 | 0.000 | 0000 | 0021 | 0181 | 0511
Emotional rho | 0.080* | 0.099* | 0.134* | 0.081* | —0.010 | 0.037
vitality P 0.009 | 0001 | 0.000 | 0.009 | 0.756 | 0.229
Social rho| 0.036 | 0.046 | 0.075* | 0.033 | -0.025 | —0.002
a6h connectedness| p 0242 | 0135 | 0015 | 0282 | 0419 | 0944
Overall rho | 0.056 | 0.082* | 0.099* | 0.078* | 0.017 | 0.047
wellbeing P 0.068 | 0.008 | 0001 | 0012 | 0578 | 0.124
. rho | 0.086* | 0.105* | 0.096* | 0.042 | —0.015 | 0.025

SF physical
P 0.005 | 0001 | 0002 | 0172 | 0625 | 0415
rho | 0.127¢ | 0.145* | 0.169* | 0.085* | —0.019 | 0.050

SF mental

P 0.000 | 0.000 | 0000 | 0.006 | 0541 | 0.109
Physical rho | -0.015 | —0.020 | -0.067* | -0.032 | 0.021 | —0.007
vitality P 0617 | 0512 | 0.029 | 0299 | 0489 | 0.828
Emotional rho | —-0.084* | —-0.084* | —0.095* | —0.066* | —0.016 | —0.061*
vitality P 0.006 | 0.006 | 0.002 | 0.032 | 0.602 | 0.046
Social rho | —0.056 | —0.060 | —0.084* | —0.052 | —0.017 | —0.049
a8h connectedness| p 0.067 | 0.050 | 0006 | 0.093 | 0589 | 0115
Overall rho | —0.044 | —0.045 | —0.063* | —0.037 | —0.021 | —0.049
wellbeing P 0155 | 0148 | 0.042 | 0235 | 0491 | 0.112
. rho| 0.038 | 0.006 | —0.035 | -0.021 | -0.025 | —-0.021

SF physical
P 0224 | 0837 | 0264 | 0488 | 0421 | 0501
rho | -0.052 | -0.081* | -0.127* | —0.078* | 0.010 | —0.046

SF mental

P 0.094 | 0009 | 0000 | 0011 | 0743 | 0.138

Note: * indicates P<0.05.
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Table A4.5. Health indicators and geomagnetic field in women group. P valuesincluded

. 035 | 357 7-15 | 15-32 | 32-66 | 0-66
Health indicator Hz Hz Hz Hz Hz Hz

Physical rho| 0021 | 0027 | 0016 | 0.010 | —0.007 | 0.009
vitality P 0307 | 0188 | 0423 | 0641 | 0.732 | 0.670
Emotional rho| 0036 | 0030 | 0019 | 0016 | —0.005 | 0.010
vitality P 0.083 | 0.146 | 0.362 | 0450 | 0.796 | 0.624
Social rho| -0.017 | -0.031 | -0.041* | -0.024 | 0.014 | —0.003
oh connectedness | p 0412 | 0125 | 0.046 | 0.234 | 0491 | 0.872
Overall rho| 0.053* | 0.043* | 0.036 | 0.036 | 0022 | 0.036
wellbeing P 0.010 | 0.036 | 0.078 | 0.076 | 0.293 | 0.082
. rho| 0001 | 0020 | 0.046* | 0.050* | 0.022 | 0.038

SF physical
P 0945 | 0330 | 0.026 | 0.014 | 0.284 | 0.062
rho| 0.044* | 0.020 | 0.003 | 0.008 | 0.038 | 0.035

SF mental

P 0.033 | 0339 | 0.882 | 0.692 | 0.065 | 0.090
Physical rho| 0007 | 0011 | 0012 | —-0.006 | —0.011 | —0.008
vitality P 0.745 | 0595 | 0562 | 0.775 | 0584 | 0.705
Emotional rho| 0022 | 0033 | 0037 | 0019 | 0.003 | 0.014
vitality P 0284 | 0.108 | 0.075 | 0346 | 0.870 | 0.481
Social rho| 0.023 | 0.028 | 0.045* | 0.030 | 0.015 | 0.027
2h connectedness | p 0261 | 0171 | 0029 | 0.141 | 0462 | 0.183
Overall rho| 0027 | 0024 | 0014 | —0.009 | —0.005 | —0.001
wellbeing P 0188 | 0242 | 0511 | 0662 | 0801 | 0.967
. rho| —0.031 | -0.021 | -0.028 | -0.021 | 0.014 | —0.001

SF physical
P 0.127 | 0298 | 0.174 | 0.317 | 0.495 | 0.949
rho| 0.071* | 0.081* | 0.088* | 0.051* | -0.003 | 0.032

SF mental

P 0.001 | 0.000 | 0.000 | 0.013 | 0.889 | 0.125

182




Table A4.5. Continued

. 035 | 357 7-15 | 1532 | 32-66 | 0-66
Health indicator Hz Hz Hz Hz Hz Hz

Physical rho| 0022 | 0015 | 0011 | 0015 | 0012 | 0012
vitality P 0294 | 0479 | 0599 | 0462 | 0564 | 0.559
Emotional rho| 0027 | 0009 | 0009 | 0000 | —0.010 | —0.007
vitality P 0183 | 0665 | 0.650 | 0987 | 0620 | 0.729
Social rho| —0.025 | -0.039 | -0.047* | —0.039 | 0.017 | -0.016
oah connectedness | p 0.226 | 0.056 | 0.022 | 0.060 | 0.421 | 0.447
Overall rho| 0028 | 0022 | 0018 | 0003 | —0.029 | —0.015
wellbeing P 0178 | 0282 | 0370 | 0874 | 0165 | 0.473
. rho| 0.013 | 0.044* | 0.052* | 0.065* | 0.041* | 0.057*

SF physical
P 0528 | 0.034 | 0.012 | 0.002 | 0.046 | 0.006
rho| 0.012 | -0.010 | -0.023 | -0.038 | —0.032 | —0.040

SF mental

P 0554 | 0621 | 0.267 | 0.063 | 0.120 | 0.055
Physical rho| 0006 | 0007 | 0004 | —0.007 | -0.013 | —-0.016
vitality P 0783 | 0741 | 0.849 | 0718 | 0516 | 0.426
Emotional rho| 0021 | 0032 | 0035 | 0025 | 0.002 | 0.005
vitality P 0305 | 0.119 | 0.090 | 0232 | 0906 | 0.821
Social rho| 0.006 | 0.028 | 0.046* | 0031 | 0.023 | 0.025
36h connectedness | p 0755 | 0.169 | 0.024 | 0.131 | 0272 | 0.223
Overall rho| 0020 | 0020 | 0015 | —-0.011 | -0.020 | —0.020
wellbeing P 0318 | 0338 | 0478 | 0606 | 0322 | 0334
. rho | -0.083* | —0.077* | -0.069* | -0.042* | 0.010 | —0.022

SF physical
P 0.000 | 0.000 | 0.001 | 0.041 | 0.624 | 0.280
rho| 0.076* | 0.091* | 0.086* | 0.044* | 0.000 | 0.028

SF mental

P 0.000 | 0.000 | 0.000 | 0.033 | 0981 | 0.171
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Table A4.5. Continued

Health indicator 0-35 3.5-7 7-15 15-32 | 3266 0-66

Hz Hz Hz Hz Hz Hz
Physical rho| 0.009 | 0.008 | 0.004 | -0.005 | -0.032 | -0.021
vitality P 0645 | 0682 | 0860 | 0824 | 0.122 | 0.311
Emotional rho| 0.014 | —0.002 | —0.015 | —0.028 | —0.045* | —0.042*
vitality P 0505 | 0928 | 0473 | 0176 | 0.029 | 0.041
Social rho | —0.041* | —0.047* | —0.060* | —-0.060* | —0.046* | —0.062*
8h connectedness|P | 0.046 | 0.021 | 0.004 | 0.003 | 0.025 | 0.003
Overal rho| 0.026 | 0.020 | 0.005 | -0.021 | -0.063* | —0.046*

wellbeing P 0207 | 0333 | 0790 | 0305 | 0.002 | 0.026
rho| 0.014 | 0.043* | 0.043* | 0.036 | —0.008 | 0.019
P | 0491 | 0037 | 0038 | 0077 | 069 | 0367
rho | —0.021 | —0.042* | —0.046* | -0.050* | —0.017 | —0.041*
P | 0311 | 0043 | 0025 | 0015 | 0.415 | 0.047

Note: * indicates P<0.05.

SF physical

SF menta

Table A4.6. Health indicators and geomagnetic field in 19-29-year-old group. P values
included

Health indicator 0-35 3.5-7 7-15 15-32 | 3266 0-66

Hz Hz Hz Hz Hz Hz

Physical rho | 0.059* | 0.058* | 0.036 | 0.033 | 0.006 | 0.031
vitality P 0.004 | 0.004 | 0072 | 0.098 | 0774 | 0.125
Emotional rho| 0.030 | 0030 | 0015 | 0011 | 0001 | 0.011
vitdity P 0134 | 0132 | 0451 | 0598 | 0964 | 0574
Social rho | -0.007 | -0.013 | -0.024 | -0.001 | 0.031 | 0.019

oh connectedness|p | 0741 | 0510 | 0233 | 0944 | 0.126 | 0.360
Overall rho | 0.068* | 0.064* | 0.049* | 0.052* | 0.029 | 0.051*

wellbeing P 0.001 | 0.002 | 0015 | 0.010 | 0151 | 0.012
rho | 0.082* | 0.087* | 0.086* | 0.094* | 0.028 | 0.073*
P | 0000 | 0000 | 0.000 | 0.000 | 0.163 | 0.000
rho | 0.060* | 0.033 | 0004 | 0.008 | 0.025 | 0.029
P | 0003 | 0104 | 0855 | 0691 | 0213 | 0152

SF physical

SF mentd
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Table A4.6. Continued

Health indicator 035 | 357 7-15 | 1532 | 32-66 | 0-66
Hz Hz Hz Hz Hz Hz

Physical rho | 0.041* | 0.036 | 0.023 | 0.003 | -0.001 | 0.007
vitality P 0.040 | 0074 | 0259 | 0871 | 0971 | 0.740
Emotional rho | 0.041* | 0.049* | 0.057* | 0.034 | 0.010 | 0.027
vitality P 0.045 | 0.016 | 0.005 | 0.089 | 0606 | 0.179
Socia rho | 0.040* | 0.040* | 0.048* | 0.032 | 0.019 | 0.030
2h connectedness | p 0.048 | 0.047 | 0.019 | 0.108 | 0346 | 0135
Overall rho | 0.048* | 0.039 | 0.012 | -0.002 | 0.005 | 0.011
wellbeing P 0017 | 0051 | 0560 | 0933 | 0.823 | 0580
. rho| 0014 | 0.024 | -0.001 | -0.029 | -0.025 | -0.019

SF physical
P 0497 | 0231 | 0947 | 0.148 | 0225 | 0.347
rho | 0.103* | 0.104* | 0.097* | 0.051* | -0.011 | 0.031

SF mental

P 0.000 | 0.000 | 0.000 | 0.012 | 059 | 0.130
Physical rho| 0.038 | 0.035 | 0.027 | 0.033 | 0027 | 0.029
vitality P 0059 | 0.087 | 0.174 | 0098 | 0187 | 0.146
Emotional rho| -0.002 | -0.004 | 0.002 | 0.007 | 0.021 | 0.009
vitality P 0940 | 0.829 | 0904 | 0.733 | 0.295 | 0.667
Socia rho | -0.028 | -0.033 | -0.039 | -0.014 | 0.050* | 0.012
oah connectedness | p 0162 | 0.099 | 0.055 | 0501 | 0.014 | 0554
Overall rho| 0022 | 0.031 | 0.027 | 0034 | 0011 | 0.019
wellbeing P 0285 | 0.126 | 0.174 | 0.095 | 0583 | 0.340
. rho | 0.069* | 0.084* | 0.078* | 0.088* | 0.030 | 0.067*

SF physical
P 0.001 | 0.000 | 0.000 | 0.000 | 0.134 | 0.001
rho| 0.005 | -0.006 | -0.020 | -0.018 | -0.005 | -0.016

SF mental

P 0813 | 0756 | 0.333 | 0.367 | 0.809 | 0.438
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Table A4.6. Continued

Health indicator 035 | 357 7-15 | 1532 | 32-66 | 0-66
Hz Hz Hz Hz Hz Hz

Physical rho| 0.028 | 0.035 | 0.033 | 0.010 | -0.013 | -0.007
vitality P 0162 | 0080 | 0.101 | 0622 | 0505 | 0.741
Emotional rho| 0.038 | 0.048* | 0.051* | 0.044* | 0.012 | 0.021
vitality P 0.058 | 0.017 | 0.011 | 0031 | 0555 | 0.299
Socia rho| 0013 | 0034 | 0.047* | 0.038 | 0.019 | 0.023
6h connectedness | p 0508 | 0.095 | 0.019 | 0.057 | 0.340 | 0.264
Overall rho | 0.040* | 0.045* | 0.025 | 0.015 | 0.006 | 0.009
wellbeing P 0.046 | 0.025 | 0218 | 0445 | 0.785 | 0673
. rho| -0.034 | -0.021 | -0.035 | -0.038 | -0.014 | -0.028

SF physical
P 0.09 | 0301 | 0.081 | 0064 | 0500 | 0171
rho | 0.089* | 0.102* | 0.092* | 0.051* | -0.003 | 0.030

SF menta

P 0.000 | 0.000 | 0.000 | 0.011 | 0.89 | 0.138
Physical rho | 0.046* | 0.040* | 0.024 | 0.024 | 0.003 | 0.013
vitality P 0.023 | 0.046 | 0.230 | 0.238 | 0.877 | 0.507
Emotional rho| 0.003 | -0.003 | -0.012 | -0.007 | -0.006 | -0.016
vitality P 0888 | 0.885 | 0549 | 0.744 | 0.773 | 0.442
Socia rho | -0.034 | -0.031 | -0.042* | -0.027 | -0.018 | -0.033
8h connectedness | p 0090 | 0129 | 0.037 | 0.177 | 0361 | 0.105
Overall rho| 0.036 | 0.033 | 0.017 | 0.015 | -0.019 | -0.007
wellbeing P 0.073 | 0.106 | 0.394 | 0466 | 0337 | 0733
. rho | 0.073* | 0.084* | 0.070¢+ | 0.066* | -0.008 | 0.040

SF physical
P 0.000 | 0.000 | 0.001 | 0.001 | 0.695 | 0.051
rho| -0.010 | -0.025 | -0.037 | -0.025 | 0.010 | -0.015

SF menta
P 0626 | 0219 | 0.066 | 0227 | 0.607 | 0.472
Note: * indicates P<0.05.
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Table A4.7. Health indicators and geomagnetic field in 30-39-year-old group. P values
included

Health indicator 0-3.5 3.5-7 7-15 15-32 | 3266 0-66

Hz Hz Hz Hz Hz Hz

Physical rho | -0.079* | —0.072* | —0.084* | —-0.064* | 0.000 | -0.034
vitdity P 0.013 | 0.023 | 0008 | 0.042 | 0999 | 0.278
Emotional rho | -0.054 | —0.048 | —-0.051 | —-0.034 | 0.025 | —0.001
vitdity P 0085 | 0128 | 0107 | 0282 | 0431 | 0983
Socia rho | —0.090* | —-0.090* | —0.107* | -0.091* | —0.014 | —0.055
oh connectedness | p 0.005 | 0.004 | 0001 | 0.004 | 0667 | 0.083
Overal rho | -0.103* | —0.092* | —0.091* | —-0.075* | 0.005 | —0.039

wellbeing P 0.001 | 0.004 | 0004 | 0.018 | 0876 | 0213
rho | —0.114* | -0.103* | —0.085* | —-0.066* | —0.002 | —0.038

SF physical
P 0.000 | 0.001 | 0.007 | 0.038 | 0957 | 0.228
rho | -0.064* | —0.060 | —0.076* | —0.047 | 0.076* | 0.017

SF mental
P 0044 | 0059 | 0.017 | 0.141 | 0.017 | 0589
Physical rho | -0.054 | —0.037 | -0.009 | —0.028 | —0.010 | —0.026
vitality P 0090 | 0248 | 0777 | 0379 | 0.759 | 0.419
Emotional rho | —-0.024 | -0.009 | 0.016 | 0.029 | 0.040 | 0.030
vitality P 0439 | 0.787 | 0620 | 0365 | 0.208 | 0.347
Socia rho| —-0.005 | 0.006 | 0.045 | 0.017 | 0.034 | 0.033
12h connectedness | p 0.886 | 0.858 | 0.157 | 0589 | 0.288 | 0.291
Overall rho | -0.087* | —-0.071* | -0.032 | -0.012 | 0.084* | 0.037

wellbeing P 0.006 | 0.026 | 0315 | 0.705 | 0.008 | 0.246
rho | —-0.019 | —-0.028 | —-0.015 | —-0.005 | 0.045 | 0.019
P | 0552 | 0373 | 0646 | 0881 | 0.160 | 0561
rho| 0.024 | 0051 | 0.098* | 0.091* | 0.053 | 0.083*
P | 0451 | 0107 | 0002 | 0004 | 0.098 | 0.009

SF physical

SF mentd
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Table A4.7. Continued

Health indicator 035 | 357 7-15 | 1532 | 32-66 | 0-66
Hz Hz Hz Hz Hz Hz
Physical rho | —0.115* | —0.111* | —0.114* | —0.098* | —0.026 | —0.071*
vitality P 0.000 | 0.000 | 0.000 | 0.002 | 0417 | 0.025
Emotional rho | —0.074* | —0.080* | —0.074* | —0.064* | —0.030 | —0.049
vitality P 0.020 | 0.011 | 0.020 | 0.042 | 0344 | 0.118
Socia rho | —0.090* | —0.090* | —0.107* | —0.102* | —0.061 | —0.092*
i connectedness| p 0.004 | 0.004 | 0001 | 0001 | 0.054 | 0.004
Overall rho | —0.108* | —0.100* | —0.088* | —0.078* | —0.036 | —0.067*
wellbeing P 0.001 | 0002 | 0.005 | 0.013 | 0261 | 0.034
. rho | —0.091* | —0.085* | —0.084* | —0.078* | —-0.018 | —0.056

SF physical
P 0.004 | 0.007 | 0.008 | 0015 | 0565 | 0.079
rho | —0.088* | —0.101* | —0.111* | —0.094* | —0.001 | —0.056

SF menta
P 0.006 | 0.002 | 0.000 | 0.003 | 0965 | 0.079
Physical rho | —0.022 | -0.013 | 0.004 | -0.005 | 0.024 | 0.021
vitality P 0493 | 0673 | 0.893 | 0.868 | 0457 | 0515
Emotional rho| —0.023 | 0000 | 0.021 | 0.008 | 0.038 | 0.027
vitality P 0474 | 0994 | 0498 | 0794 | 0.225 | 0.400
Socia rho | —0.026 | —0.016 | 0.019 | -0.003 | 0.040 | 0.027
36h connectedness| p 0405 | 0617 | 0544 | 0929 | 0208 | 0.401
Overall rho | —0.097* | —0.085* | —0.046 | —0.018 | 0.090* | 0.036
wellbeing P 0.002 | 0.007 | 0.144 | 0561 | 0.004 | 0.256
. rho | —0.038 | -0.036 | —-0.009 | 0.015 | 0.039 | 0.020

SF physical
P 0239 | 0253 | 0781 | 0647 | 0219 | 0529
rho| 0018 | 0.035 | 0.066* | 0.034 | 0.059 | 0.072*

SF menta
P 0577 | 0269 | 0039 | 0282 | 0066 | 0.024
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Table A4.7. Continued

Health indicator 0-3.5 3.5-7 7-15 15-32 | 3266 0-66

Hz Hz Hz Hz Hz Hz

Physical rho | -0.113* | —0.087* | —0.093* | —-0.067* | —0.018 | —0.055
vitdity P 0.000 | 0.006 | 0.003 | 0.033 | 0565 | 0.081
Emotional rho | -0.098* | -0.102* | -0.110* | —0.111* | —0.066* | —0.105*
vitdity P 0.002 | 0.001 | 0.000 | 0.000 | 0.038 | 0.001
Social rho | —0.105* | —0.113* | -0.134* | -0.125* | —0.057 | —0.105*
8h connectedness | p 0.001 | 0.000 | 0.000 | 0.000 | 0.074 | 0.001
Overal rho | -0.131* | -0.114* | -0.117* | -0.117* | -0.072* | -0.117*

wellbeing P 0.000 | 0.000 | 0.000 | 0.000 | 0.023 | 0.000
rho | —0.088* | —-0.067* | —0.069* | —0.063* | —0.026 | —0.053
P 0.006 | 0036 | 0031 | 0048 | 0411 | 0.098
rho | -0.110* | -0.129* | —0.151* | —0.126* | —0.010 | —0.080*
P 0.001 | 0.000 | 0.000 | 0000 | 0745 | 0.012

Note: * indicates P<0.05.

SF physical

SF mentd

Table A4.8. Health indicators and geomagnetic field in physically active group (regular).
P values included

Health indicator 0-3.5 3.5-7 7-15 15-32 | 3266 0-66

Hz Hz Hz Hz Hz Hz

Physical rho| 0.018 | 0.032 | 0017 | 0.013 | 0.027 | 0.033
vitality P 0540 | 0259 | 0558 | 0.653 | 0.351 | 0.243
Emotional rho | 0.088* | 0.101* | 0.085* | 0.069* | 0.045 | 0.077*
vitdity P 0.002 | 0.000 | 0.003 | 0016 | 0117 | 0.007
Social rho | -0.014 | —0.021 | —0.039 | —-0.020 | 0.036 | 0.017

oh connectedness | p 0614 | 0463 | 0175 | 0479 | 0212 | 0562
Overal rho| 0025 | 0.043 | 0.035 | 0032 | 0.027 | 0.038

wellbeing P 0376 | 0130 | 0222 | 0268 | 0.347 | 0.191
rho| 0015 | 0037 | 0053 | 0053 | 0021 | 0.049
P | 0591 | 0196 | 0.065 | 0067 | 0470 | 0.087
rho| 0.043 | 0.027 | —-0.009 | 0012 | 0.084* | 0.064*
P | 0134 | 0344 | 0751 | 0688 | 0.003 | 0.025

SF physical

SF mentd
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Table A4.8. Continued

. 035 | 357 7-15 | 1532 | 32-66 | 0-66
Health indicator Hz Hz Hz Hz Hz Hz

Physical rho| 0009 | 0015 | 0.041 | -0.009 | -0.049 | —0.038
vitality P 0.767 | 0609 | 0151 | 0.763 | 0085 | 0.182
Emotional rho | 0.058* | 0.074* | 0.103* | 0.034 |-0.060* | —0.021
vitality P 0.042 | 0.010 | 0.000 | 0240 | 0.035 | 0.467
Socia rho| 0043 | 0.062* | 0.115* | 0.037 | —0.024 | 0.006
oh connectedness| p 0.130 | 0.029 | 0.000 | 0202 | 0.403 | 0.832
Overall rho| 0028 | 0054 | 0.093* | 0.030 | -0.021 | 0.002
wellbeing P 0321 | 0058 | 0.001 | 0303 | 0470 | 0946
. rho | —0.018 | -0.016 | -0.018 | -0.030 | —0.005 | —0.018

SF physical
P 0522 | 0581 | 0543 | 0290 | 0869 | 0525
rho | 0.121* | 0.145* | 0.180* | 0.079* | -0.060* | 0.013

SF menta

P 0.000 | 0.000 | 0.000 | 0.006 | 0.036 | 0.653
Physical rho| 0021 | 0022 | 0013 | 0.030 | 0.049 | 0.044
vitality P 0463 | 0453 | 0638 | 0291 | 0.090 | 0.127
Emotional rho | 0.079* | 0.085* | 0.090* | 0.092* | 0.055 | 0.089*
vitality P 0.006 | 0.003 | 0.002 | 0001 | 0.056 | 0.002
Socia rho | —0.013 | -0.030 | -0.053 | -0.020 | 0.054 | 0.017
oah connectedness| p 0661 | 0291 | 0062 | 0495 | 0.059 | 0560
Overall rho| 0013 | 0022 | 0020 | 0.040 | 0.049 | 0.041
wellbeing P 0649 | 0440 | 0481 | 0162 | 0.089 | 0.153
. rho| 0019 | 0.052 | 0.058* | 0.061* | 0.034 | 0.053

SF physical
P 0514 | 0070 | 0.045 | 0.034 | 0241 | 0.064
rho| 0016 | -0.010 | —-0.036 | -0.012 | 0.054 | 0.027

SF menta

P 0583 | 0717 | 0213 | 0674 | 0062 | 0345
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Table A4.8. Continued

. 035 | 357 7-15 | 1532 | 32-66 | 0-66
Health indicator Hz Hz Hz Hz Hz Hz

Physical rho| 0.037 | 0.036 | 0.054 | 0.006 | —0.055 | —0.033
vitality P 0199 | 0.206 | 0.057 | 0.839 | 0055 | 0243
Emotional rho | 0.083* | 0.084* | 0.110* | 0.031 |-0.067* | —0.026
vitality P 0.004 | 0.003 | 0.000 | 0284 | 0.019 | 0.368
Socia rho| 0039 | 0054 | 0.096* | 0.038 | -0.014 | 0.012
36h connectedness | p 0171 | 0.060 | 0.001 | 0.180 | 0626 | 0.666
Overall rho| 0.045 | 0.066* | 0.096* | 0.059* | —0.008 | 0.017
wellbeing P 0116 | 0.021 | 0001 | 0041 | 0781 | 0545
. rho| —0.051 | -0.034 | —-0.021 | 0.014 | 0.041 | 0.022

SF physical
P 0075 | 0242 | 0467 | 0.627 | 0.153 | 0.437
rho | 0.117* | 0.127* | 0.151* | 0.048 | —0.046 | 0.012

SF mental

P 0.000 | 0.000 | 0.000 | 0.092 | 0.112 | 0.687
Physical rho| 0023 | 0.027 | 0011 | 0.027 | 0019 | 0.026
vitality P 0413 | 0351 | 0701 | 0340 | 0517 | 0.361
Emotional rho| 0.040 | 0.044 | 0.030 | 0.017 | —0.031 | —-0.010
vitality P 0166 | 0.123 | 0302 | 0560 | 0278 | 0.734
Socia rho | —0.037 | —0.053 | -0.075* | -0.050 | -0.015 | —0.044
48h connectedness | p 0.201 | 0.066 | 0.009 | 0.080 | 0591 | 0.126
Overall rho| 0.008 | 0.006 | —0.018 | —0.021 | —0.042 | —0.037
wellbeing P 0792 | 0.842 | 0537 | 0469 | 0145 | 0.199
. rho| 0011 | 0.053 | 0.037 | 0.035 | —0.028 | 0.000

SF physical
P 0.698 | 0.066 | 0.195 | 0231 | 0.323 | 0998
rho | -0.012 | -0.038 | -0.067* | —0.051 | 0.009 | —0.023

SF mental

P 0667 | 0.189 | 0.019 | 0.076 | 0747 | 0.433

Note: * indicates P<0.05.
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Table A4.9. Health indicators and geomagnetic field in physically passive group (not
regular). P values included

Health indicator 0-35 3.5-7 7-15 15-32 | 3266 0-66

Hz Hz Hz Hz Hz Hz

Physical rho| 0.020 | 0.004 | -0.007 | —0.009 | —0.018 | —0.009
vitaity P 0362 | 0847 | 0771 | 0.698 | 0430 | 0674
Emotional rho | —0.033 | —-0.055* | —0.058* | —0.057* | —0.023 | —0.044
vitdity P 0.148 | 0.015 | 0.010 | 0.012 | 0300 | 0.051
Social rho | —0.050* | —-0.070* | —0.073* | —0.059* | —0.004 | —0.035
oh connectedness| p 0.025 | 0002 | 0001 | 0009 | 0863 | 0.119
Overall rho| 0035 | 0.008 | 0.004 | —-0.001 | -0.003 | 0.005

wellbeing P 0122 | 0722 | 0852 | 0959 | 0904 | 0.823
rho| 0011 | 0017 | 0023 | 0036 | 0012 | 0.023

SF physical
P 0625 | 0450 | 0311 | 0106 | 0579 | 0314
rho| 0.009 | -0.030 | -0.043 | —0.050* | —0.009 | —0.023
SF menta
P 0686 | 0.188 | 0.058 | 0.027 | 0692 | 0.306
Physical rho | 0.045* | 0.044* | 0.035 | 0.022 | -0.002 | 0.011
vitality P 0.046 | 0.049 | 0.115 | 0.338 | 0923 | 0619
Emotional rho| 0025 | 0.034 | 0.048* | 0.057* | 0.040 | 0.046*
vitality P 0275 | 0.131 | 0.033 | 0011 | 0.075 | 0.040
Social rho| 0040 | 0036 | 0.043 | 0.051* | 0.029 | 0.042
12h connectedness| p 0074 | 0106 | 0.053 | 0.024 | 0197 | 0.061
Overall rho| 0042 | 0026 | 0.004 | 0.003 | —-0.001 | 0.004

wellbeing P 0062 | 0251 | 0866 | 0.885 | 0953 | 0.873
rho| 0020 | 0019 | 0.006 | -0.013 | —-0.010 | —0.007
P | 0370 | 0387 | 0803 | 0574 | 0.655 | 0.758
rho | 0.088* | 0.089* | 0.095* | 0.078* | 0.006 | 0.045*
P | 0000 | 0000 | 0000 | 0001 | 0782 | 0.046

SF physical

SF mentd
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Table A4.9. Continued

Health indicator 035 | 35-7 | 7-15 | 1532 | 32-66 | 0-66
Hz Hz Hz Hz Hz Hz
Physical rho | —0.013 | -0.023 | -0.017 | -0.026 | —-0.020 | —0.026
vitality P 0561 | 0305 | 0457 | 0249 | 0371 | 0.248
Emotional rho | —0.073* | —-0.094* | —0.075* | —0.079* | —0.029 | —0.067*
vitdity P 0.001 | 0.000 | 0.001 | 0.000 | 0198 | 0.003
Social rho | —0.071* | —-0.081* | —0.072* | -0.070* | —0.011 | —0.049*
oah connectedness| p 0.002 | 0.000 | 0.001 | 0002 | 0633 | 0.031
Overall rho | —0.007 | —-0.013 | -0.005 | —0.023 | —0.051* | —0.039
wellbeing P 0.770 | 0577 | 0.831 | 0297 | 0.023 | 0.085
. rho| 0020 | 0.031 | 0.027 | 0037 | 0.006 | 0.025

SF physical
P 0372 | 0164 | 0231 | 0104 | 0777 | 0.276
F mentd rho | —0.046* | —0.064* | —0.056* | —0.075* | —0.057* | —0.077*
P 0041 | 0005 | 0012 | 0001 | 0012 | 0.001
Physical rho| 0029 | 0.040 | 0.039 | 0022 | -0.006 | 0.005
vitdity P 0197 | 0074 | 0079 | 0334 | 0788 | 0.837
Emotional rho| 0009 | 0.025 | 0.030 | 0.045* | 0.041 | 0.035
vitdity P 0679 | 0273 | 0189 | 0.043 | 0.067 | 0116
Socia rho| 0017 | 0.036 | 0.048* | 0.044 | 0.023 | 0.027
a6h connectedness| p 0462 | 0110 | 0031 | 0052 | 0298 | 0.233
Overall rho| 0025 | 0.021 | 0008 | —0.005 | —0.004 | —0.006
wellbeing P 0258 | 0345 | 0.734 | 0.825 | 0857 | 0.795
. rho | —0.017 | —-0.013 | -0.017 | —0.032 | —0.031 | —-0.033

SF physical
P 0457 | 0553 | 0458 | 0.160 | 0170 | 0.138
rho | 0.084* | 0.102* | 0.096* | 0.068* | 0.020 | 0.051*

SF mentd
P 0.000 | 0.000 | 0.000 | 0002 | 0379 | 0.024
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Table A4.9. Continued

Health indicator 0-35 3.5-7 7-15 15-32 | 3266 0-66

Hz Hz Hz Hz Hz Hz

Physical rho | —0.014 | —0.016 | —-0.021 | —0.028 | —0.023 | —0.030
vitality P 0522 | 0471 | 0353 | 0216 | 0304 | 0.184
Emotional rho | —0.061* | —-0.081* | —0.079* | —0.078* | —0.023 | —0.065*
vitdity P 0.007 | 0.000 | 0.000 | 0.000 | 0.302 | 0.004
Social rho | —0.072* | —-0.077* | —0.081* | —0.083* | —0.034 | —0.067*
8h connectedness| p 0.001 | 0001 | 0.000 | 0000 | 0127 | 0.003
Overall rho | —0.006 | —0.016 | —0.015 | —0.035 | —0.042 | —0.047*

wellbeing P 0791 | 0482 | 0511 | 0122 | 0.060 | 0.038

. rho | 0.035 0.039 0.034 0.030 0.002 0.024
SF physical

P 0.124 0.086 0.128 0.189 0.917 0.289

rho | -0.060* | —-0.083* | —0.078* | -0.075* | —-0.007 | —0.053*
SF mentd

P 0.007 0.000 0.000 0.001 0.768 0.018

Note: * indicates P<0.05.
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Annex 5

Table A5.1. Wellbeing and health indicators and geomagnetic field during spring season

- 035 | 357 7-15 | 1532 | 3266 | 0-66
Lag Health indicator Hz Hz Hz Hz Hz Hz
Physical vitality 0.068* | 0.071* | 0.032 | 0.040* | 0.038 | 0.052*
Emotional vitality 0.059* | 0.068* | 0.041* | 0.040* | 0.037 | 0.053*
oh Social connectedness | 0.001 | 0.009 | -0.018 | 0.009 | 0.046* | 0.036
Overall wellbeing 0.080* | 0.086* | 0.053* | 0.055* | 0.041* | 0.061*
SF physical -0.038 | -0.042* | -0.061* | -0.034 | 0.016 | -0.010
SF mental 0.096* | 0.081* | 0.039 | 0.055* | 0.074* | 0.081*
Physical vitality 0.058* | 0.052 | 0.051* | 0.017 | -0.016 | 0.007
Emotional vitality 0.058* | 0.065* | 0.073* | 0.047* | 0.011 | 0.034
12h Social connectedness | 0.063* | 0.053* | 0.065* | 0.036 | 0.013 | 0.039*
Overall wellbeing 0.056* | 0.047* | 0.030 | 0.004 | 0.006 | 0.020
SF physical 0.032 | 0.029 | 0.020 | 0.008 | 0.040* | 0.039
SF mental 0.132* | 0.139* | 0.143* | 0.093* | —0.018 | 0.054*
Physical vitality 0.014 | 0.008 | -0.013 | -0.001 | 0.016 | 0.009
Emotional vitality 0.007 | 0.004 | 0.002 | 0.013 | 0.019 | 0.020
oah Social connectedness | -0.038 | -0.032 | -0.053* | —0.021 | 0.026 | —0.003
Overall wellbeing 0.027 | 0031 | 0.019 | 0.030 | 0.017 | 0.024
SF physical -0.049* | -0.055* | -0.077* | -0.047* | 0.011 | -0.021
SF mental 0.011 | 0.006 | -0.015 | -0.003 | 0.010 | 0.001
Physical vitality 0.064* | 0.066* | 0.067* | 0.027 | -0.012 | 0.015
Emotional vitality 0.064* | 0.080* | 0.087* | 0.056* | 0.014 | 0.036
36h Social connectedness | 0.035 | 0.042* | 0.054* | 0.029 | 0.012 | 0.024
Overall wellbeing 0.047* | 0.053* | 0.048* | 0.022 | 0.006 | 0.017
SF physical -0.003 | 0.008 | 0.009 | 0.014 | 0.046* | 0.037
SF mental 0.111* | 0.124* | 0.130* | 0.062* | —0.003 | 0.043*
Physical vitality 0.020 | 0.028 | -0.002 | 0.017 | 0.007 | 0.009
Emotional vitality -0.009 | -0.006 | -0.032 | -0.024 | -0.022 | -0.034
48h Social connectedness | —0.048* | —0.042* | —0.069* | -0.049* | —0.028 | —0.049*
Overall wellbeing 0.018 | 0.023 | -0.012 | -0.008 | —0.033 | -0.029
SF physical -0.035 | —0.039 |-0.073* | -0.052* | —0.012 | -0.035
SF mental 0.005 | —0.010 |-0.049* | -0.025 | 0.014 | -0.011

Note: grey indicates ¢>0.10; * indicates P<0.05.
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Table A5.2. Wellbeing and health indicators and geomagnetic field during fall season

Lag | Health indicator 0-35 3.5-7 7-15 15-32 | 32-66 0-66
Hz Hz Hz Hz Hz Hz

Physical vitality -0.027 | -0.050 | -0.011 | —0.082* | —-0.115* | —0.109*
Emotional vitality -0.050 | -0.062 | —0.033 | —0.071* | —0.087* | —0.094*

oh Social connectedness| 0.009 | -0.034 | -0.011 | -0.017 | -0.059 | -0.052
Overall wellbeing -0.015 | -0.043 | 0.007 | —0.030 | —0.079* | —0.075*

SF physical 0.034 0.005 | 0.082* | 0.042 | -0.037 | —0.013

SF mental 0.005 | -0.005 | 0.036 | —0.041 | -0.072* | —0.059
Physical vitality -0.045 | -0.014 | —-0.007 | —0.055 | —0.080* | —0.076*
Emotional vitality -0.017 | 0.010 0.044 0.002 | -0.070* | —-0.048

12h Social connectedness | —0.055 | -0.020 | 0.013 | -0.004 | -0.044 | -0.044
Overall wellbeing -0.022 | 0.011 0.045 0.001 | -0.071* | —-0.053
SF physical -0.016 | 0.028 0.017 | -0.039 | —0.077* | —0.067*
SF mental -0.030 | -0.012 | 0.021 | -0.041 | —0.086* | —0.076*
Physical vitality 0.024 0.002 0.046 0.006 | —-0.050 | —0.029
Emotional vitality -0.015 | -0.044 | 0.003 | —0.035 | —0.066* | —0.062

4 h Social connectedness | 0.045 0.023 0.058 0.014 | -0.023 | —0.008
Overall wellbeing -0.016 | -0.039 | 0.013 | -0.052 | —0.106* | —0.100*

SF physical 0.076* | 0.080* | 0.117* | 0.084* | —0.015 | 0.025

SF mental 0.054 0.015 0.059 | -0.029 | —0.078* | —0.057
Physical vitality -0.057 | -0.024 | -0.007 | —0.022 | —0.078* | —0.077*
Emotional vitality -0.048 | -0.035 | 0.003 0.002 | -0.066* | —0.060

36h Social connectedness | —0.058 | —0.005 | 0.039 0.030 | -0.030 | —0.025
Overall wellbeing -0.014 | 0.012 0.030 0.005 | -0.064 | —0.046
SF physical -0.053 | -0.013 | -0.009 | -0.029 | —0.066* | —0.067*
SF mental 0.015 0.031 0.023 0.003 | -0.079* | —0.053
Physical vitality 0.002 | -0.013 | 0.017 | -0.028 | —0.072* | —-0.054
Emotional vitality 0.003 | -0.020 | 0.004 | -0.038 | —0.069* | —0.060

48h Social connectedness| 0.010 0.008 0.039 0.007 | -0.052 | —-0.032
Overall wellbeing 0.001 | -0.020 | 0.021 | —-0.034 | —0.093* | -0.075*

SF physical 0.058 0.050 | 0.101* | 0.032 | —-0.021 | 0.009
SF mental -0.011 | -0.034 | 0.024 | —-0.025 | —0.069* | —0.053

Note: grey indicates ¢>0.10; " indicates P<0.05.
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Table A5.3. Wellbeing and health indicators and geomagnetic field in men group

0-35 3.5-7 7-15 15-32 | 3266 0-66

Lag | Health indicator Hz Hz Hz Hz Hz Hz

Physical vitality 0.027 | -0.009 | -0.051 | -0.037 | 0.002 | —0.008

Emotional vitality -0.016 | -0.029 | -0.049 | -0.052 | 0.016 | —0.009

Social connectedness | —0.024 | -0.024 | -0.051 | -0.034 | 0.009 | -0.008

on Overall wellbeing 0.011 | 0.003 | -0.031 | -0.036 | -0.017 | —0.017
SF physical 0.054 | 0023 | 0.028 | 0.004 | 0.004 | 0.014
SF mental 0.007 | -0.025 | -0.072* | -0.064* | 0.016 | -0.018
Physical vitality 0.088* | 0.089* | 0.099* | 0.030 | -0.050 | —0.009

Emotional vitality 0.083* | 0.094* | 0.131* | 0.083* | -0.020 | 0.024

Social connectedness| 0.073* | 0.074* | 0.093* | 0.039 | -0.013 | 0.020

12h Overall wellbeing 0.060 | 0.067* | 0.077* | 0.043 | -0.015 | 0.017
SF physical 0.083* | 0.080* | 0.060 | —0.013 | -0.048 | —0.022
SF mental 0.165* | 0.176* | 0.197* | 0.125* | -0.043 | 0.050
Physical vitality -0.055 | -0.072* | -0.093* | —-0.089* | —0.029 | —0.062*
Emotional vitality —0.093* | -0.089* | -0.075* | -0.051 | 0.007 | —0.029
oah Social connectedness | -0.067* | —0.062* | —-0.079* | —0.043 | —0.005 | —0.034
Overall wellbeing —0.049 | -0.040 | -0.040 | -0.009 | 0.012 | —0.004
SF physical 0.024 | -0.013 | -0.059 | -0.052 | -0.053 | -0.051
SF mental -0.070* | -0.083* | -0.096* | -0.062* | 0.018 | —-0.029
Physical vitality 0.097* | 0.119* | 0.152* | 0.071* | -0.041 | 0.020
Emotional vitality 0.080* | 0.099* | 0.134* | 0.081* | —-0.010 | 0.037
6h Social connectedness| 0.036 | 0.046 | 0.075* | 0.033 | —0.025 | —0.002
Overall wellbeing 0.056 | 0.082* | 0.099* | 0.078* | 0.017 | 0.047
SF physical 0.086* | 0.105* | 0.096* | 0.042 | -0.015 | 0.025
SF mental 0.127* | 0.145* | 0.169* | 0.085* | —0.019 | 0.050
Physical vitality -0.015 | -0.020 | -0.067* | -0.032 | 0.021 | -0.007
Emotional vitality —0.084* | -0.084* | -0.095* | -0.066* | —0.016 | -0.061*
48h Social connectedness| —0.056 | —0.060 | —0.084* | -0.052 | —0.017 | —0.049
Overall wellbeing -0.044 | -0.045 | -0.063* | -0.037 | -0.021 | —0.049
SF physical 0.038 | 0.006 | -0.035 | -0.021 | -0.025 | -0.021
SF mental -0.052 | -0.081* | -0.127* | -0.078* | 0.010 | -0.046

Note: grey indicates ¢>0.10; " indicates P<0.05.
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Table A5.4. Wellbeing and health indicators and geomagnetic field in women group

Lag | Health indicator 035 3.5-7 7-15 1532 | 32-66 0-66
Hz Hz Hz Hz Hz Hz
Physical vitality 0.021 0.027 0.016 0.010 | -0.007 | 0.009
Emotional vitality 0.036 0.030 0.019 0.016 | -0.005 | 0.010
oh Socia connectedness | —0.017 | —-0.031 | -0.041* | -0.024 | 0.014 | -0.003
Overall wellbeing 0.053* | 0.043* | 0.036 0.036 0.022 0.036
SF physical 0.001 0.020 | 0.046* | 0.050* | 0.022 0.038
SF mental 0.044* | 0.020 0.003 0.008 0.038 0.035
Physical vitality 0.007 0.011 0.012 | -0.006 | -0.011 | —-0.008
Emotional vitality 0.022 0.033 0.037 0.019 0.003 0.014
12h Social connectedness | 0.023 0.028 | 0.045* | 0.030 0.015 0.027
Overall wellbeing 0.027 0.024 0.014 | -0.009 | -0.005 | —-0.001
SF physical -0.031 | -0.021 | -0.028 | -0.021 | 0.014 | -0.001
SF mental 0.071* | 0.081* | 0.088* | 0.051* | —0.003 | 0.032
Physical vitality 0.022 0.015 0.011 0.015 0.012 0.012
Emotional vitality 0.027 0.009 0.009 0.000 | -0.010 | —0.007
o4 h Social connectedness | —0.025 | -0.039 | -0.047* | -0.039 | 0.017 | -0.016
Overall wellbeing 0.028 0.022 0.018 0.003 | -0.029 | -0.015
SF physical 0.013 | 0.044* | 0.052* | 0.065* | 0.041* | 0.057*
SF mental 0.012 | -0.010 | -0.023 | —-0.038 | —0.032 | —0.040
Physical vitality 0.006 0.007 0.004 | -0.007 | -0.013 | -0.016
Emotional vitality 0.021 0.032 0.035 0.025 0.002 0.005
36h Social connectedness | 0.006 0.028 | 0.046* | 0.031 0.023 0.025
Overall wellbeing 0.020 0.020 0.015 | -0.011 | -0.020 | -0.020
SF physical -0.083* | -0.077* | -0.069* | -0.042* | 0.010 | -0.022
SF mental 0.076* | 0.091* | 0.086* | 0.044* | 0.000 0.028
Physical vitality 0.009 0.008 0.004 | -0.005 | -0.032 | -0.021
Emotional vitality 0.014 | -0.002 | -0.015 | -0.028 | —0.045* | —0.042*
48h Social connectedness | —0.041* | —0.047* | —0.060* | —0.060* | —0.046* | —0.062*
Overall wellbeing 0.026 0.020 0.005 | -0.021 | -0.063* | —0.046*
SF physical 0.014 | 0.043* | 0.043* | 0.036 | —0.008 | 0.019
SF mental -0.021 | -0.042* | -0.046* | —0.050* | —0.017 | —-0.041*

Note: * indicates P<0.05.
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Table A5.5. Wellbeing and health indicators and geomagnetic field among 19-29-year-old
subjects

035 3.5-7 7-15 15-32 | 32-66 0-66
Hz Hz Hz Hz Hz Hz

Physical vitality 0.059* | 0.058* | 0.036 | 0.033 | 0.006 | 0.031
Emotional vitality 0.030 | 0030 | 0.015 | 0.011 | 0.001 | O.011
Social connectedness | —0.007 | -0.013 | -0.024 | -0.001 | 0.031 | 0.019

Lag | Health indicator

on Overall wellbeing 0.068* | 0.064* | 0.049* | 0.052* | 0.029 | 0.051*
SF physical 0.082* | 0.087 | 0.086* | 0.094* | 0.028 | 0.073*
SF mental 0.060* | 0.033 | 0.004 | 0.008 | 0.025 | 0.029
Physical vitality 0.041* | 0.036 | 0.023 | 0.003 | -0.001 | 0.007

Emotional vitality 0.041* | 0.049* | 0.057* | 0.034 0.010 0.027
Social connectedness | 0.040* | 0.040* | 0.048* | 0.032 0.019 0.030

12h Overall wellbeing 0.048* | 0.039 | 0.012 | -0.002 | 0.005 | 0.011
SF physical 0.014 | 0.024 | -0.001 | -0.029 | —-0.025 | -0.019
SF mental 0.103* | 0.104* | 0.097* | 0.051* | -0.011 | 0.031
Physical vitality 0.038 | 0035 | 0.027 0.033 | 0.027 | 0.029

Emotional vitality -0.002 | -0.004 | 0.002 0.007 0.021 0.009
Social connectedness| —0.028 | —-0.033 | -0.039 | -0.014 | 0.050* | 0.012

24h Overall wellbeing 0022 | 0031 | 0.027 0034 | 0011 | 0.019
SF physical 0.069* | 0.084* | 0.078* | 0.088* | 0.030 | 0.067*
SF mental 0.005 | -0.006 | -0.020 | -0.018 | -0.005 | —0.016
Physical vitality 0.028 | 0.035 | 0.033 0.010 | -0.013 | -0.007

Emotional vitality 0.038 | 0.048* | 0.051* | 0.044* | 0.012 0.021
Social connectedness| 0.013 0.034 | 0.047* | 0.038 0.019 0.023

36h Overall wellbeing 0.040* | 0.045* | 0.025 0.015 | 0.006 | 0.009
SF physical -0.034 | -0.021 | -0.035 | -0.038 | -0.014 | -0.028
SF mental 0.089* | 0.102* | 0.092* | 0.051* | —-0.003 | 0.030
Physical vitality 0.046* | 0.040* | 0.024 | 0.024 | 0.003 | 0.013

Emotional vitality 0.003 | -0.003 | -0.012 | -0.007 | -0.006 | —0.016
Social connectedness| —0.034 | -0.031 | -0.042* | -0.027 | —0.018 | —0.033

48 h
Overall wellbeing 0.036 | 0.033 | 0.017 0.015 | -0.019 | —0.007
SF physical 0.073* | 0.084* | 0.070* | 0.066* | —0.008 | 0.040
SF mental -0.010 | -0.025 | -0.037 | -0.025 | 0.010 | -0.015

Note: grey indicates 0>0.10; " indicates P<0.05.
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Table A5.6. Wellbeing and health indicators and geomagnetic field among 30-39-year-old
subjects

035 3.5-7 7-15 15-32 | 32-66 0-66
Hz Hz Hz Hz Hz Hz

Physical vitality -0.079* | -0.072* | -0.084* | -0.064* | 0.000 | —0.034
Emotional vitality —0.054 | -0.048 | -0.051 | -0.034 | 0.025 | —0.001
Socia connectedness | —0.090* | —0.090* | —-0.107* | -0.091* | —0.014 | —0.055

Lag | Health indicator

on Overall wellbeing -0.103* | -0.092* | -0.091* | -0.075* | 0.005 | —0.039
SF physical -0.114* | -0.103* | -0.085* | —0.066* | —0.002 | —0.038
SF mental —-0.064* | —0.060 | -0.076* | -0.047 | 0.076* | 0.017
Physical vitality -0.054 | -0.037 | -0.009 | —-0.028 | —0.010 | —0.026

Emotional vitality -0.024 | -0.009 | 0.016 0.029 0.040 0.030
Social connectedness| —0.005 | 0.006 0.045 0.017 0.034 | 0.033

12h Overall wellbeing -0.087* | -0.071* | -0.032 | -0.012 | 0.084* | 0.037
SF physical -0.019 | -0.028 | -0.015 | -0.005 | 0.045 | 0.019
SF mental 0.024 | 0.051 | 0.098* | 0.091* | 0.053 | 0.083*
Physical vitality -0.115* | -0.111* | -0.114* | -0.098* | —0.026 | —0.071*

Emotional vitality -0.074* | -0.080* | -0.074* | -0.064* | —0.030 | —0.049
Social connectedness | —0.090* | —0.090* | —0.107* | —-0.102* | —0.061 | —0.092*

24h Overall wellbeing -0.108* | -0.100* | —0.088* | —0.078* | —0.036 | —0.067*
SF physical -0.091* | -0.085* | -0.084* | -0.078* | —0.018 | —0.056
SF mental -0.088* | -0.101* | -0.111* | -0.094* | —0.001 | —0.056
Physical vitality -0.022 | -0.013 | 0.004 | -0.005 | 0.024 | 0.021

Emotional vitality -0.023 | 0.000 0.021 0.008 0.038 0.027
Social connectedness | —0.026 | —-0.016 | 0.019 | -0.003 | 0.040 0.027

36h
Overall wellbeing —-0.097* | -0.085* | —0.046 | —0.018 | 0.090* | 0.036
SF physical -0.038 | -0.036 | -0.009 | 0.015 | 0.039 | 0.020
SF mental 0.018 | 0.035 | 0.066* | 0.034 | 0.059 | 0.072*

Physical vitality -0.113* | -0.087* | —0.093* | -0.067* | —-0.018 | —0.055
Emotional vitality -0.098* | -0.102* | -0.110* | -0.111* | —0.066* | —0.105*
Social connectedness | —0.105* | -0.113* | -0.134* | -0.125* | —0.057 | -0.105*

48 h
Overall wellbeing -0.131* | -0.114* | -0.117* | -0.117* | -0.072* | -0.117*
SF physical -0.088* | -0.067* | -0.069* | -0.063* | —-0.026 | —0.053
SF mental -0.110* | -0.129* | -0.151* | -0.126* | —0.010 | —0.080*

Note: grey indicates 0>0.10; " indicates P<0.05.
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Table A5.7. Wellbeing and health indicators and geomagnetic field in physically active
group

035 3.5-7 7-15 15-32 | 32-66 0-66
Hz Hz Hz Hz Hz Hz

Physical vitality 0.018 | 0032 | 0.017 | 0.013 | 0.027 | 0.033
Emotional vitality 0.088* | 0.101* | 0.085* | 0.069* | 0.045 | 0.077*
Social connectedness | —0.014 | -0.021 | -0.039 | -0.020 | 0.036 | 0.017

Lag | Health indicator

on Overall wellbeing 0025 | 0.043 | 0.035 0.032 0.027 | 0.038
SF physical 0.015 | 0.037 | 0.053 0.053 | 0.021 | 0.049
SF mental 0.043 | 0.027 | -0.009 | 0.012 | 0.084* | 0.064*
Physical vitality 0.009 | 0.015 | 0.041 | -0.009 | —0.049 | —0.038
Emotional vitality 0.058* | 0.074* | 0.103* | 0.034 |-0.060* | —0.021
12h Social connectedness| 0.043 | 0.062* | 0.115* | 0.037 | —0.024 | 0.006
Overall wellbeing 0.028 | 0.054 | 0.093* | 0.030 | —0.021 | 0.002
SF physical -0.018 | -0.016 | -0.018 | -0.030 | -0.005 | —0.018
SF mental 0.121* | 0.145* | 0.180* | 0.079* | -0.060* | 0.013
Physical vitality 0021 | 0022 | 0.013 0.030 | 0.049 | 0.044
Emotional vitality 0.079* | 0.085* | 0.090* | 0.092* | 0.055 | 0.089*
oah Social connectedness| —0.013 | —-0.030 | -0.053 | -0.020 | 0.054 | 0.017
Overall wellbeing 0.013 | 0.022 | 0.020 0.040 | 0.049 | 0.041
SF physical 0.019 | 0.052 | 0.058* | 0.061* | 0.034 | 0.053
SF mental 0.016 | -0.010 | -0.036 | -0.012 | 0.054 | 0.027
Physical vitality 0.037 | 0036 | 0.054 | 0.006 | —0.055 | —0.033
Emotional vitality 0.083* | 0.084* | 0.110* | 0.031 |-0.067* | —-0.026
%h Social connectedness| 0.039 | 0.054 | 0.096* | 0.038 | —0.014 | 0.012
Overall wellbeing 0.045 | 0.066* | 0.096* | 0.059* | —0.008 | 0.017
SF physical -0.051 | -0.034 | -0.021 | 0.014 | 0.041 | 0.022
SF mental 0.117* | 0.127* | 0.151* | 0.048 | -0.046 | 0.012
Physical vitality 0.023 | 0.027 | 0.011 0.027 0.019 | 0.026

Emotional vitality 0.040 0.044 | 0.030 0.017 | -0.031 | -0.010
Social connectedness| —0.037 | -0.053 | —0.075* | —0.050 | —0.015 | —0.044

48 h
Overall wellbeing 0.008 | 0.006 | -0.018 | -0.021 | -0.042 | —0.037
SF physical 0.011 | 0.053 | 0.037 0.035 | -0.028 | 0.000
SF mental -0.012 | -0.038 | -0.067* | -0.051 | 0.009 | -0.023

Note: grey indicates 0>0.10; " indicates P<0.05.
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Table A5.8. Wellbeing and health indicators and geomagnetic field in physically passive
group

Lag | Health indicator 035 3.5-7 7-15 1532 | 32-66 0-66
Hz Hz Hz Hz Hz Hz

Physical vitality 0.020 0.004 | -0.007 | -0.009 | —-0.018 | —0.009
Emotional vitality -0.033 | -0.055* | —0.058* | —0.057* | —0.023 | —-0.044
oh Social connectedness | —0.050* | —0.070* | -0.073* | —0.059* | —0.004 | —0.035
Overall wellbeing 0.035 0.008 0.004 | -0.001 | -0.003 | 0.005

SF physical 0.011 0.017 0.023 0.036 0.012 0.023
SF mental 0.009 | -0.030 | -0.043 | -0.050* | —0.009 | —0.023
Physical vitality 0.045* | 0.044* | 0.035 0.022 | -0.002 | 0.011
Emotional vitality 0.025 0.034 | 0.048* | 0.057* | 0.040 | 0.046*

12h Social connectedness | 0.040 0.036 0.043 | 0.051* | 0.029 0.042
Overall wellbeing 0.042 0.026 0.004 0.003 | -0.001 | 0.004

SF physical 0.020 0.019 0.006 | -0.013 | —-0.010 | -0.007

SF mental 0.088* | 0.089* | 0.095* | 0.078* | 0.006 | 0.045*
Physical vitality -0.013 | -0.023 | -0.017 | -0.026 | -0.020 | —-0.026
Emotional vitality -0.073* | -0.094* | -0.075* | -0.079* | —0.029 | —-0.067*
o4 h Social connectedness | —0.071* | -0.081* | -0.072* | -0.070* | —-0.011 | —0.049*
Overall wellbeing -0.007 | -0.013 | -0.005 | —0.023 | —-0.051* | —0.039

SF physical 0.020 0.031 0.027 0.037 0.006 0.025
SF mental —0.046* | -0.064* | -0.056* | -0.075* | -0.057* | -0.077*
Physical vitality 0.029 0.040 0.039 0.022 | -0.006 | 0.005
Emotional vitality 0.009 0.025 0.030 | 0.045* | 0.041 0.035

36h Social connectedness | 0.017 0.036 | 0.048* | 0.044 0.023 0.027
Overall wellbeing 0.025 0.021 0.008 | -0.005 | —0.004 | —0.006

SF physical -0.017 | -0.013 | -0.017 | -0.032 | -0.031 | —0.033

SF mental 0.084* | 0.102* | 0.096* | 0.068* | 0.020 | 0.051*
Physical vitality -0.014 | -0.016 | -0.021 | -0.028 | —0.023 | —-0.030
Emotional vitality -0.061* | -0.081* | -0.079* | -0.078* | —0.023 | —0.065*

48h Social connectedness | -0.072* | -0.077* | -0.081* | —0.083* | —0.034 | -0.067*
Overal wellbeing -0.006 | -0.016 | -0.015 | -0.035 | —0.042 | -0.047*

SF physical 0.035 0.039 0.034 0.030 0.002 0.024

SF mental -0.060* | -0.083* | -0.078* | -0.075* | —0.007 | —0.053*

Note: grey indicates 0>0.10; " indicates P<0.05.
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