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Abstract

Geomagnetic storms are space weather phenomena characterized by abrupt disturbances in the
Earth’s magnetic field caused by solar activity. Recent scientific studies indicate that
geomagnetic activity may exert a significant influence on the human body, particularly on the
cardiovascular system. This literature review is devoted to the epidemiological analysis of the
relationship between geomagnetic storms and attacks of arterial hypertension. The study
evaluates changes in arterial blood pressure and the risk of cardiovascular complications during
periods of geomagnetic activity based on modern scientific publications, meta-analyses, and
epidemiological observations. According to the analyzed data, periods of geomagnetic storms
may be associated with increased average blood pressure levels, decreased heart rate
variability, and a higher incidence of hypertensive attacks. Therefore, the development of
preventive strategies based on space weather monitoring may play an important role in
reducing the risk of cardiovascular diseases.

Keywords: Geomagnetic storm, arterial hypertension, cardiovascular diseases, epidemiology,
blood pressure, prevention.

Introduction

Cardiovascular diseases remain one of the leading causes of mortality and disability worldwide.
According to the World Health Organization (WHO), approximately 19.8 million deaths were
attributed to cardiovascular diseases in 2022, accounting for nearly 32% of global mortality;
the majority of these deaths were caused by myocardial infarction and stroke. At the same time,
in 2024 approximately 1.4 billion adults aged 30-79 years were living with arterial
hypertension, and only about 23% of them had their blood pressure adequately controlled.
These figures indicate that arterial hypertension should be considered not only a clinical
condition but also a major epidemiological and socio-hygienic challenge.

Traditional risk factors contributing to the development and exacerbation of arterial
hypertension—including genetic predisposition, obesity, physical inactivity, excessive salt
intake, tobacco use, alcohol consumption, psycho-emotional stress, and comorbid conditions—

e
O
—
qo!
)
(7))
)

oC
>
(-
(©

£

!
O

82

O

==
)

=

(V.
O

=
-
—
-
O

=5
0
L

L
O

e
o

Vp

®)
-
©
(7))

=

2,

=
-

Q
@)

0p

(T
O

@)

=

S5|Page

&) webofjournals.com/index.php/12




Volume 4, Issue 3, March - 2026 ISSN (E): 2938-3811

have been extensively studied. However, in recent years increasing attention has been paid to
the potential influence of environmental and geophysical factors, particularly space weather
conditions, on the cardiovascular system. In this context, geomagnetic storms have attracted
particular interest because they produce short-term but sometimes intense disturbances in the
Earth’s magnetosphere and may influence autonomic regulation, circadian rhythms, and
hemodynamic parameters in sensitive populations.

A geomagnetic storm is a large disturbance of the Earth’s magnetosphere that occurs when
energy from the solar wind—particularly during coronal mass ejections or high-speed solar
wind streams—is efficiently transferred into the magnetosphere. According to the National
Oceanic and Atmospheric Administration (NOAA), such storms significantly alter the
parameters of currents, plasma, and magnetic fields surrounding the Earth. Their intensity is
commonly assessed using geomagnetic indices such as Kp and Dst. The Kp index, which
characterizes global subauroral geomagnetic disturbances, is one of the principal indicators
used to evaluate geomagnetic activity and is widely employed in epidemiological studies as an
exposure metric.

Scientific interest in this field arises from accumulating evidence suggesting that geomagnetic
activity may influence the delicate regulatory mechanisms of the cardiovascular system. A
critical review published in 2023 analyzed the relationship between geomagnetic activity and
arterial blood pressure and noted that the “center of gravity” of existing literature tends to
indicate an increase in systolic and diastolic blood pressure during days or periods of intensified
geomagnetic activity. According to this review, several studies reported increases in arterial
blood pressure in the range of approximately 3—8 mmHg, with more pronounced responses
observed in individuals with pre-existing hypertension and in certain susceptible population
groups.

Epidemiological observations also partially support this hypothesis. For example, in the
Normative Aging Study cohort conducted in Boston, analysis of 1,949 blood pressure
measurements obtained from 675 elderly men between 2000 and 2017 demonstrated that
increased indicators of solar activity and geomagnetic disturbance were associated with
elevated blood pressure levels. Specifically, within a 16-day exposure window, increases in
interplanetary magnetic field intensity, sunspot number, and elevated Kp index were associated
with an increase in diastolic blood pressure of approximately 1.7-2.8 mmHg and systolic blood
pressure of about 2.1-2.7 mmHg. Importantly, these associations persisted even after
adjustment for air pollution and radioactive aerosol particles.

The potential risks associated with geomagnetic storms may not be limited solely to changes
in arterial blood pressure. A systematic review and meta-analysis published in 2025 reported
that during periods of geomagnetic storms the risk of myocardial infarction or acute coronary
syndrome may increase by approximately 1.3—1.5 times, while the risk of stroke may increase
by about 1.25-1.6 times. The authors interpreted these findings cautiously, noting the limited
number of studies and methodological heterogeneity. Nevertheless, the results strengthen the
concept that geomagnetic activity may influence cardiovascular risk through several
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physiological pathways, including heart rate variability, arterial blood pressure regulation,
microcirculation, and biological rhythms.

i

Objective of the Study

The objective of this study is to conduct an epidemiological analysis of the probability of
arterial hypertension attacks during periods of geomagnetic storms based on scientific literature
and to identify preventive measures aimed at reducing this risk.

Materials and Methods

The present study was conducted using a literature review approach. Scientific articles, meta-
analyses, and epidemiological studies published between 2015 and 2025 were analyzed.

The data were selected from the following scientific databases: PubMed, Scopus, Web of
Science, and ScienceDirect.

The following methods were applied in the analytical process: analytical review, comparative
analysis, systematization of scientific data, and generalization of epidemiological statistical
information.

Results

Numerous epidemiological studies have investigated the relationship between geomagnetic
storms and the cardiovascular system. These studies indicate that increased geomagnetic
activity may influence hemodynamic parameters in the human body, particularly arterial blood
pressure, heart rate variability, and the incidence of cardiovascular events.

Geomagnetic storms occur as a result of interactions between plasma streams and magnetic
fields originating from the Sun and the Earth’s magnetosphere. Such phenomena are
characterized by abrupt disturbances of the Earth’s magnetic field and are commonly evaluated
using the Kp index, which ranges from 0 to 9. A value of 5 or higher generally indicates the
presence of a geomagnetic storm.

Epidemiological findings on arterial blood pressure changes.
Several clinical and epidemiological studies have explored the association between
geomagnetic activity and arterial blood pressure. In an analysis conducted by Mayrovitz
(2023), increases in systolic and diastolic blood pressure were recorded in approximately 91—
92% of patients during periods of geomagnetic storms. The study reported that, compared with
days of minimal geomagnetic activity, the following changes were observed: systolic arterial
blood pressure increased on average by 6—8 mmHg; during intense geomagnetic storms,
systolic pressure increased by up to 15 mmHg; diastolic blood pressure increased by up to 8
mmHg.

Furthermore, several studies have suggested that arterial blood pressure may remain elevated
both two days before and two days after the onset of geomagnetic activity. This phenomenon
is often explained by the influence of geomagnetic disturbances on biological rhythms.

An epidemiological study published in 2021 in the Journal of the American Heart Association
reported that periods of increased solar and geomagnetic activity were associated with elevated
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arterial blood pressure levels. The results demonstrated a statistically significant relationship
between increased solar activity and rises in both systolic and diastolic blood pressure.
Epidemiological observations. In the Normative Aging Study cohort, the relationship between
geomagnetic activity indicators and arterial blood pressure was monitored over several years.
The findings demonstrated that:

during periods of increased geomagnetic activity, systolic blood pressure increased by
approximately 2-3 mmHg; diastolic blood pressure increased by about 1-2 mmHg; these
changes were particularly pronounced among elderly individuals.

In addition, several epidemiological studies have reported an increased incidence of
cardiovascular diseases during periods of geomagnetic storms. Some analyses suggest that
geomagnetic activity may influence cardiovascular function through mechanisms associated
with the autonomic nervous system.

Geomagnetic activity and cardiovascular events. Geomagnetic storms may affect not only
arterial blood pressure but also other cardiovascular parameters. Several epidemiological
studies have reported increases in the incidence of: myocardial infarction; acute coronary
syndrome; stroke during periods of geomagnetic activity. These processes are explained by
several physiological mechanisms, including:

- disruption of autonomic nervous system balance;

- decreased heart rate variability;

- alterations in blood rheological properties;

- impaired microcirculation.

Some studies have also suggested that geomagnetic activity may increase blood viscosity and
consequently elevate the risk of thrombosis.

Main findings reported in selected studies

Author Study type Key finding
Mayrovitz Clinical-epidemiological | Arterial blood pressure increased in 91-92% of
(2023) analysis patients during geomagnetic storms
Wang et al. | Cohort study Geomagnetic activity associated with increased
(2021) systolic and diastolic blood pressure
Papailiou Physiological monitoring | Arterial blood pressure increased two days before and
(2024) after geomagnetic storms
Azcarate Epidemiological analysis | Significant changes in arterial blood pressure
(2016) observed during geomagnetic activity
Belenko Scoping review Increased incidence of cardiovascular events during
(2025) geomagnetic storms

Discussion

The reviewed scientific literature suggests that a certain degree of epidemiological association
may exist between geomagnetic storms and attacks of arterial hypertension. The studies
presented in the results section indicate that periods of increased geomagnetic activity are often
accompanied by elevated arterial blood pressure, reduced heart rate variability, and a higher
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frequency of certain cardiovascular events. Nevertheless, the strength of this relationship and
the underlying biological mechanisms remain subjects of ongoing scientific debate.

First, there is evidence that geomagnetic storms may influence autonomic nervous system
regulation in the human body. Several studies indicate that during periods of intensified
geomagnetic activity, sympathetic nervous system activity may increase while parasympathetic
influence decreases. Such changes may lead to a reduction in heart rate variability and
disruption of arterial blood pressure regulation. Epidemiological observations have
demonstrated that heart rate variability tends to decrease significantly on days characterized by
elevated geomagnetic disturbances, which is considered an important prognostic indicator for
cardiovascular complications.

A second potential mechanism may involve alterations in biological rhythms. Variations in the
geomagnetic field may affect circadian rhythms in the human organism. Some studies have
reported reduced melatonin secretion during periods of increased geomagnetic activity. Since
melatonin plays an important protective role in cardiovascular regulation, a decrease in its
secretion may negatively affect arterial blood pressure control and cardiovascular stability.

A third possible mechanism may be related to hemodynamic and rheological changes. Certain
clinical observations suggest that during geomagnetic storms blood viscosity may increase,
platelet aggregation may intensify, and disturbances in microcirculation may occur. These
processes may contribute to the development of hypertensive attacks and other cardiovascular
complications.

From an epidemiological perspective, although many studies confirm a relationship between
geomagnetic activity and arterial blood pressure, the findings are not entirely consistent. While
some investigations report significant increases in arterial pressure during geomagnetic storms,
others have found weak or statistically insignificant associations. These inconsistencies may
be explained by several factors, including: differences in research methodologies; variations in
the indices used to evaluate geomagnetic activity (such as Kp, Ap, and Dst indices); insufficient
adjustment for meteorological influences; heterogeneity in study populations with respect to
age and baseline health status.

In addition, some epidemiological analyses have reported increases in the incidence of
myocardial infarction and stroke during periods of heightened geomagnetic activity. According
to results from systematic reviews and meta-analyses, the risk of myocardial infarction during
geomagnetic storms may increase by approximately 1.3—1.5 times, while the risk of stroke may
increase by approximately 1.25-1.6 times. However, these findings have not been uniformly
confirmed across all studies and therefore require further epidemiological investigation.
Furthermore, health risks associated with geomagnetic storms may be more pronounced among
meteorologically sensitive individuals and patients with pre-existing cardiovascular diseases.
This phenomenon may be related to individual susceptibility, the functional state of the
autonomic nervous system, and the presence of comorbid conditions.

Overall, the reviewed literature indicates that geomagnetic storms may represent a potential
environmental stress factor for the human organism. This factor may influence the
cardiovascular system through mechanisms involving autonomic regulation, hemodynamic
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processes, and biological rhythms. At the same time, the influence of geomagnetic activity on
hypertensive attacks appears to be multifactorial and likely interacts with other ecological,
meteorological, and individual determinants.

For this reason, future research in this field should include multicenter epidemiological studies,
long-term observational investigations, and integrated analyses of geomagnetic activity
together with meteorological and environmental factors. Such studies would enable a more
precise evaluation of the relationship between geomagnetic storms and attacks of arterial
hypertension and may contribute to the development of new preventive strategies for
cardiovascular diseases.

Conclusion

The reviewed scientific literature indicates that a certain epidemiological association may exist
between geomagnetic storms and attacks of arterial hypertension. During periods of increased
geomagnetic activity, alterations in autonomic nervous system function, decreased heart rate
variability, and elevated arterial blood pressure levels may be observed. However, this
influence appears to be multifactorial and may depend on individual susceptibility,
meteorological conditions, and the presence of pre-existing cardiovascular diseases.

1. Scientific studies suggest that during geomagnetic storms the frequency of arterial
hypertension attacks and cardiovascular events may increase. Several epidemiological
observations have reported that periods of increased geomagnetic activity are associated with
an average rise in arterial blood pressure of several millimeters of mercury.

2. Geomagnetic activity may influence the human organism primarily through mechanisms
involving the autonomic nervous system, heart rate variability, and biological rhythms. These
mechanisms may lead to temporary disturbances in arterial blood pressure regulation and
increase the likelihood of hypertensive episodes.

3. Sensitivity to geomagnetic storms appears to be higher among individuals with arterial
hypertension, elderly populations, and patients with pre-existing cardiovascular diseases.
Therefore, enhanced health monitoring during periods of geomagnetic activity may be
particularly important for these risk groups.

4. In order to mitigate the potential impact of geomagnetic storms, it is important to develop
preventive strategies that consider space weather forecasts. Such measures may include regular
monitoring of arterial blood pressure, limitation of stress and excessive physical exertion,
adjustment of pharmacological therapy under medical supervision, and targeted monitoring of
individuals belonging to cardiovascular risk groups.

References

1. Azcarate, T., Mendoza, B., & Levi, J. R. (2016). Influence of geomagnetic activity and
atmospheric pressure on human arterial pressure during the solar cycle 24. Advances in Space
Research, 58(10), 2116-2127. https://doi.org/10.1016/j.asr.2016.05.048

2. Gaisenok O, Gaisenok D, Bogachev S. The Influence of Geomagnetic Storms on the Risks
of Developing Myocardial Infarction, Acute Coronary Syndrome, and Stroke: Systematic

10| Page

&) webofjournals.com/index.php/12



https://doi.org/10.1016/j.asr.2016.05.048

Volume 4, Issue 3, March - 2026 ISSN (E): 2938-3811

Ee )
|
N

R

Review and Meta-analysis. J Med Phys. 2025 Jan-Mar;50(1):8-13. doi:
10.4103/jmp.jmp 122 24. Epub 2025 Mar 24. PMID: 40256184; PMCID: PMC12005662.

3. Khan, M. A, Khan, S., & Khan, M. L. (2025). Exploring the potential observations between
geomagnetic activity and cardiovascular events: A scoping review. Cureus, 17(1), e432069.
https://doi.org/10.7759/cureus.432069

4. Matzka, J., Stolle, C., Yamazaki, Y., Bronkalla, O., & Morschhauser, A. (2021). The
geomagnetic Kp index and derived indices of geomagnetic activity. Space Weather, 19,
€2020SW002641. https://doi.org/10.1029/2020SW002641

5. Mayrovitz HN. Linkages Between Geomagnetic Activity and Blood Pressure. Cureus.
2023 Sep 20;15(9):e45637. doi: 10.7759/cureus.45637. PMID: 37868483; PMCID:
PMC10589055.

6. Mayrovitz HN. Linkages Between Geomagnetic Activity and Blood Pressure. Cureus.
2023 Sep 20;15(9):e45637. doi: 10.7759/cureus.45637. PMID: 37868483; PMCID:
PMC10589055.

7. Jalolov, N.N., Sobirov, O. G., & Kabilzhonova, S. R. (2023). The role of a healthy lifestyle
in the prevention of myocardial infarction.

8. National Oceanic and Atmospheric Administration. (2024). Geomagnetic storms. Space

i

Weather Prediction Center. https://www.swpc.noaa.gov/phenomena/geomagnetic-storms

9. National Oceanic and Atmospheric Administration. (2024). Planetary K-index. Space
Weather Prediction Center. https://www.swpc.noaa.gov/products/planetary-k-index

10. Papailiou, M.-C., & Mavromichalaki, H. (2024). Space Weather Effects on Heart Rate
Variations: Sex Dependence. Atmosphere, 15(6), 685. https://doi.org/10.3390/atmos15060685
11. Wang VA, Zilli Vieira CL, Garshick E, Schwartz JD, Garshick MS, Vokonas P, Koutrakis
P. Solar Activity Is Associated With Diastolic and Systolic Blood Pressure in Elderly Adults.
J Am Heart Assoc. 2021 Nov 2;10(21):€021006. doi: 10.1161/JAHA.120.021006. Epub 2021
Oct 29. PMID: 34713707; PMCID: PMC8751821.

12. Wang VA, Zilli Vieira CL, Garshick E, Schwartz JD, Garshick MS, Vokonas P, Koutrakis
P. Solar Activity Is Associated With Diastolic and Systolic Blood Pressure in Elderly Adults.
J Am Heart Assoc. 2021 Nov 2;10(21):e021006. doi: 10.1161/JAHA.120.021006. Epub 2021
Oct 29. PMID: 34713707; PMCID: PMC8751821.

13. Jalolov, N. N. (2023). MIOKARD INFARKTI PROFILAKTIKASIDA SOG‘LOM
TURMUSH TARZINING O’RNI. In E Conference Zone (pp. 1-5).

14. Wang, V. A., Wellenius, G. A., Koutrakis, P., Coull, B. A., Schwartz, J. D., & Kloog, I.
(2021). Solar activity is associated with diastolic and systolic blood pressure in elderly men.
Journal of the American Heart Association, 10(12), €021006.
https://doi.org/10.1161/JAHA.120.021006

15. World Health Organization. (2025, July 31). Cardiovascular diseases (CVDs). World
Health Organization. https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-
%28cvds%29

16. World Health Organization. (2025, September 25). Hypertension. World Health
Organization. https://www.who.int/news-room/fact-sheets/detail/hypertension (who.int)

e
O
—
qo!
)
wn
@

oc
e
L
qo!

£

!
O

82

O

==
)

=

(T
O

=
-
(-
-
@)

S
0
(-

L
O

e
o

0p

®)
-
©
7p)
=

2

)
-

Q
@)

0p

Uy—
@)

O

=

11|Page

&) webofjournals.com/index.php/12



https://doi.org/10.7759/cureus.432069
https://doi.org/10.1029/2020SW002641
https://www.swpc.noaa.gov/phenomena/geomagnetic-storms
https://www.swpc.noaa.gov/products/planetary-k-index
https://doi.org/10.3390/atmos15060685
https://doi.org/10.1161/JAHA.120.021006
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-%28cvds%29
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-%28cvds%29
https://www.who.int/news-room/fact-sheets/detail/hypertension
https://www.who.int/news-room/fact-sheets/detail/hypertension?utm_source=chatgpt.com

q
o
i

L

Web of Scientists and Scholars: Journal of Multidisciplinary Research

Volume 4, Issue 3, March - 2026 ISSN (E): 2938-3811

17. Zilli Vieira CL, Chen K, Garshick E, Liu M, Vokonas P, Ljungman P, Schwartz J,
Koutrakis P. Geomagnetic disturbances reduce heart rate variability in the Normative Aging
Study. Sci Total Environ. 2022 Sep 15;839:156235. doi: 10.1016/j.scitotenv.2022.156235.
Epub 2022 May 26. PMID: 35644403; PMCID: PM(C9233046.

18. Zilli Vieira, C. L., Alvares, D., Blomberg, A., Schwartz, J., Coull, B., Huang, S., &
Koutrakis, P. (2019). Geomagnetic disturbances driven by solar activity enhance total and
cardiovascular mortality risk in 263 U.S. cities. Environmental Health, 18, 8§83.
https://doi.org/10.1186/512940-019-0516-0

&) webofjournals.com/index.php/12



https://doi.org/10.1186/s12940-019-0516-0

