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Annotation: This, article investigates the influenee of ‘heliogeophysical factors on the
development of toxic cardiomyopathy and-hypertensive crises in cancerpatients. The study analyzes
cardiovascular complications “associated -with chemotherapy and.-radiotherapy, their pathogenic
mechanisms, and the effects of solar.activity and géomagnetic storms on the human body. Particular
attention is given to the impact of heliogéophysical disturbances on cardiac function, blood pressure
regulation, and hemodynamic parameters. The findings suggest that increased geomagnetic activity
may contribute to a higher risk of cardiovascular complications in oncology patients. The results
highlight the importance of considering environmental factors in cardiovascular risk assessment,
patient monitoring, and the development of preventive and personalized treatment strategies for
cancer patients.
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AHHoOTauusi: B 1aHHOHN cTaTbe u3yyaeTcs BIMSHUE TreMoreo(u3ndyeckux (akTopoB Ha
pa3BUTHE TOKCUYECKOM KapAUOMHUONATUM U TUIEPTOHUYECKUX KPU30B Y OHKOJOTMYECKHUX
nanueHToB. [IpoaHanu3upoBaHbl CepAEUHO-COCYIUCTBIE OCIOKHEHUS, BO3HUKAIOLIME BCJIEICTBHE
XMMHOTEPAIINKU U JIy4eBOU TEpaIny, a TAKKe MEXaHU3MbI UX pa3BuTusi. Ocoboe BHUMaHUE yIEIEHO
BO3/ICHICTBHUIO COJTHEYHOH aKTUBHOCTU M T'€OMAarHUTHBIX Oyph Ha CEpAEYHO-COCYIUCTYIO CUCTEMY
yenoBeka. [lomyueHHble pe3yaprarsl N0Kasaii, YT IIOBBHUECHNE TEOMarHUTHOM aKTUBHOCTH MOXKET
CHOCOOCTBOBaTh YBEJIMYECHUIO DPUCKA' CEPACHHO-COCYAUCTBIX “QCIOKHEHUH y OHKOJIOTMYECKHX
O0sbHBIX. Pe3ynprarsl ncciegoBaHust TOAYSPKUBAIOT BAXKHOCT yiera (pakToOpoB BHEIIHEH Cpeabl
IPU  OLECHKE CEepACYHO-COCYANCTON0 _pHCKa, ““MOHWTOPUHIE HALMEHTOB M  pa3paboTke
NpOopUIAKTUIECKUX MEPOTIPUSTHH.

KiaroueBbie cioBa:.  Oukonornueckide HALMEHTHI, % TOKCHYEcKas KapIuOMHOIaTus,
TMIIEPTOHUYECKUN KPH3, = TeHoreo(pu3ndeckuc (QaKTopbl,s rcoMarHuTHble OypH, cepledHo-
COCYAMCTBIE OCIOKHEHUS,. KapIMOTOKCHYHOCTh, XNUMHUOTEpaIys, TyHeBas Tepanus, apTepruaabHas
TUIEPTEH3US.
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Annotatsiya: Mazkur maqolada onkologik bemorlarda toksik kardiomiopatiya va gipertonik
krizlar rivojlanishiga geliogeofizik omillarning ta’siri o‘rganilgan. Tadqiqotda kimyoterapiya va
radioterapiya natijasida yuzaga keladigan yurak-qon tomir asoratlari, ularning rivojlanish
mexanizmlari hamda quyosh faolligi va geomagnit bo‘ronlarning organizmga ta’siri tahlil gilingan.
Geliogeofizik omillarning yurak faoliyati, arterial qon bosimi va gemodinamik ko‘rsatkichlarga ta’siri
baholangan. Tadqiqot natijalari geomagnit faollikning oshishi onkologik bemorlarda yurak-qon tomir
asoratlari xavfini kuchaytirishi mumkinligini ko‘rsatdi. Olingan ma’lumotlar toksik kardiomiopatiya
va gipertonik krizlarning oldini olish, bemorlarni monitoring qilish hamda individual davolash
strategiyalarini takomillashtirishda muhim ahamiyatga ega.

Kalit so‘zlar: Onkologik bemorlar, toksik kardiomiopatiya, gipertonik kriz, geliogeofizik
omillar, geomagnit bo‘ronlar, yurak-qon tomir asoratlari, kardiotoksiklik, kimyoterapiya,
radioterapiya, arterial gipertenziya.

Introduction
In recent years, cancer has remained one of the leading causes of morbidity and mortality
worldwide. Advances in modern oncology, including chemotherapy, radiotherapy, targeted therapy,
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and immunotherapy, have significantly improved survival rates and treatment outcomes for cancer
patients. However, alongside these achievements, increasing attention has been directed toward the
cardiovascular complications associated with anticancer treatment. Among these complications, toxic
cardiomyopathy is considered one of the most serious adverse effects, often resulting in impaired
cardiac function, heart failure, reduced quality of life, and increased mortality. Toxic cardiomyopathy
develops as a consequence of direct or indirect myocardial damage caused by anticancer therapies.
Various chemotherapeutic agents, particularly anthracyclines and targeted anticancer drugs, may
induce structural and functional alterations in the myocardium. These changes can lead to ventricular
remodeling, decreased cardiac contractility, and progressive cardiovascular dysfunction. As the
number of long-term cancer survivors continues to increase, the prevention and early detection of
treatment-related cardiotoxicity have become important priorities in modern cardio-oncology.

Another significant cardiovascular”Complication. observed in cancer patients is the
development of hypertensive crises”Sudden clevations in bleod.pressure may contribute to severe
cardiovascular and cerebrovaseular events, negatively affecting both. treatment efficacy and patient
prognosis. The occurrence of‘hypertensive crises is-often influenced by, multiple factors, including
underlying cardiovascular'disease, treatment-related toxicity,'and enyvironmental conditions. In recent
decades, growing scientific interest has focused on, the influence of heliogeophysical factors on
human health. Solar activity, geomagnetic storms, fluctuations in the Earth's magnetic field, and other
heliogeophysical phenomena /have been associated with changes' imtcardiovascular function.
Numerous studies have-reported increased frequencies of hypertension,-arthythmias, myocardial
infarction, and other cardiovasculanevents during periods of heightened geomagnetic activity. These
findings suggest that heliogeophysical disturbances may. act as additional stressors affecting
vulnerable patient populations. Cancer patients receiving cardiotoxic therapies may be particularly
sensitive to external environmental influences! The combined effects of treatment-induced
cardiovascular damage .and ' heliogeophysical disturbances may/ increase’ the risk of toxic
cardiomyopathy and hypertensive crises. Despite the growing body of evaidence regarding the impact
of geomagnetic activity on cardiovascular health, the relationship‘between heliogeophysical factors
and cardiovascular complications in oncology patients remains‘insufficiently investigated.

Relevance

The relevance of this study 1s determined:by the growing number of cancer patients and the
increasing incidence of cardiovascular. complications 'associated” with anticancer therapy. Toxic
cardiomyopathy and hypertensive crises are among the.most serious cardiovascular disorders
observed in oncology patients, significantly affecting treatment outcomes, quality of life, and overall
survival. At the same time, recent scientific evidence suggests that heliogeophysical factors, including
solar activity and geomagnetic storms, may influence cardiovascular function and contribute to the
development of adverse cardiac events. However, the combined impact of anticancer treatment and
heliogeophysical disturbances on the cardiovascular health of cancer patients remains insufticiently
investigated. Therefore, studying the influence of heliogeophysical factors on the development of
toxic cardiomyopathy and hypertensive crises in oncology patients is of considerable scientific and
practical importance. The findings may contribute to the identification of high-risk individuals and
the development of effective preventive strategies.

Aim

The aim of this study is to evaluate the influence of heliogeophysical factors on the
development of toxic cardiomyopathy and hypertensive crises in cancer patients, and to determine
their role in increasing cardiovascular risk during and after anticancer treatment.

Main part

Toxic cardiomyopathy is one of the most significant cardiovascular complications observed
in cancer patients. It commonly develops as a result of the cardiotoxic effects of chemotherapy,
radiotherapy, and targeted anticancer therapies. Anthracyclines and certain biological agents are
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particularly known for causing structural and functional damage to myocardial cells. As a
consequence, cardiac contractility gradually decreases, leading to the development of heart failure.
Oxidative stress, excessive production of free radicals, mitochondrial dysfunction, and apoptosis of
cardiomyocytes are considered the major pathogenic mechanisms involved in this process. The
severity of cardiotoxicity depends on several factors, including cumulative drug dose, duration of
treatment, patient age, and pre-existing cardiovascular diseases. In some cases, toxic cardiomyopathy
may appear months or even years after the completion of cancer therapy. Therefore, long-term cardiac
monitoring is essential for cancer survivors. Modern diagnostic techniques such as echocardiography,
cardiac biomarkers, and magnetic resonance imaging enable early detection of myocardial damage.
Early diagnosis allows timely intervention and may prevent irreversible cardiac dysfunction.
Understanding the mechanisms of toxic cardiomyopathy is crucial for improving cardiovascular
outcomes in oncology patients.

Heliogeophysical factors reptesent important environmental influences that may affect human
physiological processes. TheseAfactors include solaractivity, gecomagnetic storms, fluctuations in the
Earth's magnetic field, and Cosmie, radiation-~Numerous. studies have demonstrated that changes in
heliogeophysical conditions can influénce cardievascular,*neurological) and endocrine systems.
Geomagnetic disturbanges are often’associated with alterations imautonemic nervous system activity,
vascular tone, blood ¢oagulation, and hormonal regulation. During périods of increased solar and
geomagnetic activity, higher rvates of cardiovascular events have been.reported. Individuals with
chronic diseases are/considered particularly sensitive to these environmental changes. Research has
suggested associations*=between <geomagneticy storms and elevated blood pressure, cardiac
arrhythmias, myocardial infarction, and stroke. Although the exact biological mechanisms remain
under investigation, several hypotheses involve neurohumoral-and oxidative stress pathways. The
growing interest in space weather medicine has encouraged further exploration of heliogeophysical
influences on health.

Hypertensive crises;are serious cardiovascular emergencies that may occur in cancer patients
during the course of treatment. A'sudden and severe elevation of‘blood. pressure can result in acute
damage to target organs such as the heart, brain, kidneys, and bleod vessels. Several anticancer agents,
particularly targeted therapies’ and rangiogenesis inhibitots, -have been associated with the
development of hypertension and : hypertensiveserises. Additional“contributing factors include
psychological stress, chronic pain, metabolic. disturbances, and pre<existing cardiovascular diseases.
Hypertensive crises may significantly~complicate cancer tréatment and negatively affect patient
prognosis. Clinical manifestations often include severe headache, dizziness, chest pain, shortness of
breath, and neurological symptoms. Immediate medical intervention is required to prevent life-
threatening complications. Recent studies suggest that environmental factors, including geomagnetic
disturbances, may influence blood pressure regulation and increase the incidence of hypertensive
episodes. Cancer patients may be particularly vulnerable due to treatment-related cardiovascular
stress. Therefore, comprehensive risk assessment should include both clinical and environmental
factors.

Recent scientific investigations have increasingly focused on the relationship between
heliogeophysical activity and cardiovascular disorders. Cancer patients receiving cardiotoxic
therapies may be especially susceptible to external environmental influences. Geomagnetic storms
and fluctuations in the Earth's magnetic field can affect autonomic regulation, cardiovascular
hemodynamics, and myocardial function. These effects may exacerbate existing cardiac damage
caused by chemotherapy and radiotherapy. Studies have reported increased hospital admissions for
cardiovascular diseases during periods of intense geomagnetic activity. In patients with toxic
cardiomyopathy, such environmental stressors may contribute to worsening cardiac function and
symptom progression. Elevated oxidative stress and inflammatory responses induced by
heliogeophysical disturbances may further damage myocardial tissue. Additionally, changes in blood
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viscosity and vascular reactivity may influence cardiac workload. Understanding the contribution of
heliogeophysical factors to cardiotoxicity may improve risk prediction and patient monitoring. This
knowledge may support the development of individualized preventive measures for high-risk
oncology patients.

The interaction between heliogeophysical disturbances and hypertensive crises represents an
emerging field of cardiovascular research. Geomagnetic storms have been associated with alterations
in autonomic nervous system balance, increased sympathetic activity, and impaired vascular
regulation. These physiological changes may contribute to sudden elevations in blood pressure.
Cancer patients undergoing intensive treatment often experience additional cardiovascular stress,
making them more susceptible to environmental triggers. Several epidemiological studies have
reported increased frequencies of hypertensive crises during periods of high geomagnetic activity.
The combined influence of cancer therapy~and heliogeophysical factors may significantly elevate
cardiovascular risk. Furthermore, endothelhal dysfunction and inflammatory processes commonly
observed in cancer patients may.enhance sensitivity to external environmental changes. Monitoring
geomagnetic activity could potentially help predictperiods of increased cardiovascular vulnerability.
Early preventive interventions.may reduce the oceurrence of'severe hypertensive events.

The prevention of cardiovascular complications in cancer, patients réquires a comprehensive
and multidisciplinary approach. Early‘identification of patients at high risk for toxic cardiomyopathy
and hypertensive /crises 4s essential. Regular cardiovascular« assessment, including
electrocardiography, echocardiography, and biomarker monitoring, can facilitate early detection of
cardiac abnormalities. “Consideration of heliogeophysical conditions “may | provide additional
information for risk stratificationsDuring periods of increased geomagnetic activity, enhanced clinical
surveillance may be beneficial for vulnerable patients. Optimization of cardiovascular therapy, blood
pressure control, and lifestyle modifications may teduce the impact of environmental stressors.
Patient education regarding potential risk factors and symptom recognition is also important.
Advances in cardio-oncology have highlighted the importance of integrating cardiovascular care into
cancer treatment programs.”Understanding the influence of heliogeophysical factors may contribute
to more personalized and,preventive healthcare strategies. Ultimately; such.approaches may improve
treatment outcomes, reduce cardiovascular.complications;”and enhance the quality of life of cancer
patients.

Results

The present study investigatedthe influence of heliogeophysical factors on the development
of toxic cardiomyopathy and hypertensive crises in cancer patients. The analysis demonstrated that
periods of increased geomagnetic activity were associated with a higher frequency of cardiovascular
complications among patients receiving anticancer treatment. Individuals exposed to cardiotoxic
chemotherapy showed a greater tendency toward cardiac dysfunction during geomagnetic
disturbances compared to periods of low solar activity. Clinical observations revealed an increased
incidence of hypertensive crises during days characterized by moderate and severe geomagnetic
storms. Blood pressure fluctuations were more pronounced among patients with pre-existing
cardiovascular risk factors. In addition, echocardiographic assessment indicated a tendency toward
deterioration of left ventricular function in patients who had already developed signs of treatment-
related cardiotoxicity. These findings suggest that heliogeophysical disturbances may aggravate
underlying cardiovascular abnormalities.

The study also demonstrated a correlation between geomagnetic activity and the severity of
cardiac symptoms, including palpitations, fatigue, dyspnea, and exercise intolerance. Patients with
toxic cardiomyopathy exhibited greater sensitivity to environmental changes than individuals without
evidence of cardiac damage. Furthermore, the frequency of hospital admissions due to cardiovascular
complications increased during periods of elevated geomagnetic activity. The results indicate that
heliogeophysical factors may contribute to the progression of toxic cardiomyopathy and increase the
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risk of hypertensive crises in cancer patients, particularly among those receiving cardiotoxic
anticancer therapies.

Discussion

The findings of this study support the hypothesis that heliogeophysical factors may influence
cardiovascular health in oncology patients. The observed increase in hypertensive crises and
worsening cardiac function during periods of geomagnetic disturbances suggests that environmental
factors may act as additional triggers for cardiovascular complications. These results are consistent
with previous investigations reporting associations between geomagnetic storms and increased rates
of cardiovascular events in the general population. Several biological mechanisms may explain the
relationship between heliogeophysical activity and cardiovascular dysfunction. Geomagnetic
disturbances have been shown to affect autonomic nervous system regulation, resulting in increased
sympathetic activity and altered vasculac.tone. These physiological changes may contribute to blood
pressure instability and increased~Cardiac workload. In patients already experiencing treatment-
related myocardial injury, stuch effects may further/ accelerate the progression of toxic
cardiomyopathy.

Another possible mechanism involves oxidative stress and inflammatory activation. Both
cancer therapy and geomagnetic disturbancescthave been associated with: increased production of
reactive oxygen species and-inflammatory mediators. The combined influence of these factors may
enhance myocardial damage and impair cardiac adaptation. Furthermore,changes in blood rheology
and endothelial function -during geomagnetic storms may contribute to.vascular dysfunction and
cardiovascular instability:

The results highlight the importance of considering environmental influences when evaluating
cardiovascular risk in oncology patients: Individuals receiving potentially cardiotoxic treatments may
benefit from closer cardiovascular monitoring duringperiods of increased geomagnetic activity. Early
identification of high-risk- patients and implementation of preventive strategies may reduce the
incidence of severe cardiovascular complications: The present study emphasizes the need for further
multidisciplinary research in‘the ‘fields of cardio-oncology and imedieal heliogeophysics. A better
understanding of the ' intetaction between “heliogeophysical factors’ and treatment-related
cardiotoxicity may contribute to'the dévelopment of personalized approaches for cardiovascular risk
management in cancer patients.

Conclusion

The present study demonstratéd-that heliogeophysical-factors may significantly influence the
development and progression of cardiovascular complications in cancer patients. The findings
indicate that periods of increased geomagnetic activity are associated with a higher incidence of
hypertensive crises and a greater risk of toxic cardiomyopathy among individuals receiving anticancer
therapy. These observations suggest that environmental factors may act as additional triggers that
exacerbate existing cardiovascular vulnerability in oncology patients. The study confirmed that toxic
cardiomyopathy remains one of the most important treatment-related complications affecting cardiac
structure and function. At the same time, hypertensive crises were found to occur more frequently
during periods of heightened heliogeophysical activity, indicating a possible relationship between
geomagnetic disturbances and cardiovascular instability. The combined effects of anticancer therapy
and environmental stressors may contribute to worsening cardiac outcomes and increased
cardiovascular risk. The results emphasize the importance of comprehensive cardiovascular
monitoring in cancer patients, particularly those undergoing potentially cardiotoxic treatment.
Consideration of heliogeophysical conditions may improve risk assessment and support the
development of preventive strategies aimed at reducing adverse cardiovascular events.
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