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Abstract

Introduction. Pathology of the cardiovascular system is the leading cause in the structure of the causes of death in all
countries of the world in recent decades. The impact of ionizing radiation on the cardiovascular system is a complex process
that includes various molecular and cellular mechanisms that lead to tissue damage and disruption of their functions. The
aim of our research was the analysis and evaluation of modern literature data on the possible association between exposure
to ionizing radiation and the development of diseases of cardiovascular system.

Search strategy. For the search and analysis of scientific data, we used databases and web resources: MEDLINE,
Pubmed, Google Scholar, Cyberleninka, and eLIBRARY. 124 literary sources were identified, of which 48 publications were
the basis of the analytical material for this article.

Results. The development of circulatory diseases due to radiation exposure is based on damage to the vascular intima,
primarily in the coronary arteries, changes in the endothelium associated with the accumulation of reactive oxygen species,
and low-intensity inflammation leading to the development of atherosclerosis. Acute radiation injury to the heart is associated
with inflammation and mitochondrial dysfunction, while chronic radiation injury is associated with myocardial fibrosis. High
doses of radiation to the cardiovascular system are typically associated with radiation therapy for cancers such as breast or
lung cancer. Low doses of radiation are typical for radiation situations associated with occupational exposure to ionizing
radiation, as well as for residents of radiation-contaminated, environmentally unfavorable areas due to nuclear weapons
testing or radiation accidents.

Conclusion. The results of the literature review demonstrate a clear link between radiation exposure over a wide range of
doses and excess risks of circulatory diseases, primarily coronary heart disease, stroke, myocardial infarction, and hypertension.
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BBepeHue. [aTonorus cepagyHo-coCyancTon CUCTEMbI SBNSETCA NUANPYIOLLEA NPUYUHON B CTPYKTYPE NPUYMH CMEPTU
BO BCEX CTpaHax Mupa B nocnegHue gecatunetus. Bo3gencteme MOHM3MPYIOWErO U3MyYeHUs Ha CepaeyvHO-COCYaUCTYIO
CUCTEMY SIBMSETCA CMOXHBIM MPOLECCOM, BKIMKYAIOWMM pa3HOODpasHble MOMEKYMSPHbIE W KIETOYHbIE MEXaHW3Mbl,
NpMBOZALLME K MOBPEXOEHWO TKaHEW M HapyleHuio ux dyHkumi. Llenbko uccnenoBaHus SBUNCA aHamu3 M OLeHka
COBPEMEHHbIX NUTEPaTyPHbIX AaHHbIX O BO3MOXHON CBA3N MEXOY BO3OENCTBMEM WOHU3NPYIOLLEN paguaLun u pasButUeM
naTomnorMm cepaeyHo-CocyancTon CUCTEMbI.

Crparterusi momcka. [Ins noucka WM aHanm3a HayyHbIX [aHHbIX MCnonb3oBammch Oasbl gaHHbIX M Beb-pecypebi:
MEDLINE, Pubmed, Google Scholar, Cyberleninka, eLIBRARY. Bbino BbisiBreHo 124 nuTepaTypHbIX MCTOYHWKA, M3
koTopbix 48 nybnukaLuit Nerny B OCHOBY aHaNUTUYECKOro MaTepuana JaHHON CTaTbu.

Pesynbtatbl. B ocHoBe pa3suTus GonesHel cucTeMbl KPOBOODpALLEHUS! MpWU paguaLMOHHOMY BO3OEACTBUM NexaTt
MOBPEXOEHWE MHTUMbI COCYAO0B, B NMEPBYO 04EPeb, KOPOHAPHbIX apTEPUIA, MBMEHEHMS B 3HAOTENWM, CBA3AHHBIE C HAKOMEHUEM
aKTVBHbIX )OPM KMCITOpOAa, a Takke MaroMHTEHCMBHOE BOCTaneHue, Bedyllee K passuTuio atepockrieposa. OcTpoe nyyesoe
MOBPEXXOEHWE CepaLa CBA3AHO C BOCManeHWeM M MUTOXOHAPWANBHOM AUCCYHKUMENR, a XpoHUYeckoe ¢ mbpo3om Muokapaa.
Boicokve 003bl 0BnyyeHms cepoeyHo-CoCcyauCTON CUCTEMbI CBS3aHbl, Kak MpaBWmo, C MyYeBOW Tepanuen OHKOMOTUYECKWX
3aboneBaHui, TakUX Kak pak MOMOYHON eresbl UnK pak nerkoro. Huskve [03bl 06rydeHns XapakTepHbl AN paguaLyoHHbIX
CATYaLWIA, CBSA3aHHBIX C MPOCECCMOHAmNbHBIM BO3OENCTBAEM VOHU3MPYIOLLENA paauaLvm, a Takke ANs XuTenen pagualymoHHo-
3arpsisHEHHbIX SKOMOMMYECKN HEONArONPUSITHBLIX TEPPUTOPUIA BCNIEACTBUE WCTbITAHWIA SAEPHOTO OPYXWA TGO pagnaLmMoHHbIX
aBapui.

3akntoyeHue. PesynbtaTbl 0630pa NUTEPATYPHBIX WCTOYHWKOB CBWAETENLCTBYIOT O CBA3W MeXAy PagvauMOHHBIM
BO3ENCTBMEM B LUMPOKOM AuanasoHe A03 U M3BbITOYHbIMM puckamn BonesHen cucTeMbl KpOBOOBpALLEHMS, B NEPBYIO
ovepeqb, uwemnyeckon 6onesHn cepaua, MHCynbTamu, MHEapKTOM MUOKapaa U apTepuanbHON rMnepTeHanen.

Knrovesnble cnosa: uoHusupyrowas paduayusi, 601e3HU cucmembl KpogoobpaujeHusi, 003b1 001y4eHUSs,, CMEPMHOCTb,
3abonegaemocb.
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Kipicne. CoHfbl OHXbINAbIKTapaa XYpeKk-KaHTaMblp XYNeci naTonoruscel anemHiH, 6apnblk engepinae enim cebentepi
KypbInbIMbIHAA KETEKWi OpbiH anafpl. VoHgaylbl coyneneHydiH Xypek-KaHTaMblp XyHeciHe acepi — ynnanapibiH
3aKbiMaaHybl MeH onapablH, Kbl3MeTiHiH Oy3binybiHa SKeneTiH anyaH Typni MOnekynanblk 8He Kacyllanblk
MexaHWU3Maepai KaMTUTbIH Kypaeni yaepic. 3epTTeyaiH, MakcaTbl — MOHAAYLUbl paaMaLUsHbIH SCepi MeH XYpPek-KaHTamblp
KYWMECI NaToNormsChIHbIH, AaMybl apacbiHarbl MyMKH OailnaHbICTbl cUNATTalTLIH Kasipri 3amaHFbl 94ebu aepekTeps
Tangay xaHe baranay.

I3pey ctpateruschl. Foinbivm AepekTepai isgey xaHe Tangay ywiin MEDLINE, PubMed, Google Scholar, Cyberleninka,
eLIBRARY pnepektep 6asanapbl MeH BeG-pecypcTapbl nanganabingsl. 124 aaebv gepek aHbiKTansin, onapgbiH, iwiHge 48
XapusnaHblM 0Cbl MaKanaHblH, Tanjamanblk MaTepuanblHbiH HerisiHe anblHApbI.

Hotnxkenep. Paguuuanbik ocep KesiHOe KaHalMHanbIM KyWeci aypynapblHblH, AamybiHAa €H angbIMEH KOPOHAprblK
apTepusinap MHTUMa KabaTbiHbIH, 3aKbIMaaHybl, DenceHai oTTeri TypPrepiHiH, X1HanybIMeH 6ainaHbICTbI SHOOTENMA B3repicTepi,
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COHAal-aK aTepocknepo3ablH, JaMyblHa arnbin KeneTiH TOMEeH KapKbiHabl KabblHy ypaicTepi MaHbi3abl pen atkapagb!. Xegen
paavaumsnbIK XYPeK 3aKpiMaaHybl KabblHYMEH X8He MUTOXOHOPUSIbIK AUCCHYHKUMAMEH DaiinaHbicTbl 6onca, cosbiMarbl
3aKbIMaHy Muokapa dubposbiHa akeneqi. XKypek-KaHTambIp XYAECiHH, oFapbl fo3aaa coyneneHyi kebiHece cyT 6e3i 0Bbipbl
Hemece ©Kne OBbIpbl CUSKTBI OHKOMOTWSMbIK aypynapdbl COynenik TepanusMeH empaeyre ToH. TemeH Aosanap, opeTTe,
MOHAAYLWbl pPapMauMsHbIH, KSCIMTIK acepiMeH HeMece SAPOMbIK Kapy CbiHAaKTapbl MEH paguauusnblK anatrap cangapbiHaH
AKOMOMMAMBIK KOMaliChI3, paanaLmsAnbIK lacTaHFaH aiMakTapaa TypaTtbiH Xanbikka ToH.

KopbITbiHAbI. ©Opnebn gepekTepre xacanfaH LOMy pagvauusanblk cepaiH KeH, [o3anblK ayKbIMblHAA KYpek-
KaHTamblp JKYMECi aypynapblHbiH, €H angbIMeH WLEMMUANbIK XYyPeK aypybl, MHCYNMbT, MUOKApL WHQApPKTICI XaHe
apTepusnbIK rMnepTeH3NsIHbIH, apTblK KayniMeH ce3ci3 6aitnaHbICTbl EKEHIH kepceTeai.

TyliHdi ce3dep: uoHOaywb! paduayusi, KaHalHanbimM Xyleci aypynapbl, cayneneHy 003anapbl, emimM-Ximiu,
CbIpKammaHywnbInbiK.
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Introduction

The effect of ionizing radiation on the human body in most
cases is manifested by an increased risk of developing
malignant neoplasms [13]. This effect has been demonstrated
in a number of studies, most notably in the Life Span Study
(LSS) cohort study of the health status of survivors of the
bombing in Japan [29]. A series of reports found that there was
a 17% excess risk of cancer among the affected population.
Furthermore, it was demonstrated that the excess relative risk
(ERR) per Gy was 0.42 Gy-1 (95% Cl 0.32-0.53) for all solid
cancers among the affected population of Japan.

One area of interest has been determining the radiation
dose that is a factor in adverse prognosis [31]. In the
aforementioned LSS study, the minimum dose range
associated with an increased risk of ERR was 0-0.2 Gy for
malignant tumors. For a long time, possible non-oncologic
effects of ionizing radiation were virtually excluded.
However, modern epidemiological data, particularly studies
among atomic bomb survivors, indicate an increased risk of
cardiovascular diseases CVD [6,21].

It is well known that cardiovascular pathology has been the
leading cause of death worldwide in recent decades [45]. The
main known modifiable risk factors for circulatory system
diseases include nicotine addiction, diabetes mellitus, arterial
hypertension, excess weight, hypercholesterolemia, and
elevated levels of low-density lipoproteins [43]. The risks of
developing CVD when exposed to ionizing radiation have not
been sufficiently studied. They are primarily associated with
diagnostic procedures and radiation treatment of oncological
diseases, since in these cases the radiation doses are clearly
defined and belong to the high-dose range (> 5 Gy) [40].
Exposure to such radiation doses causes damage to the
structures of the heart, as well as the coronary, carotid, and
other large arteries [3]. The effects of ionizing radiation on the
cardiovascular system are complex, involving a variety of
molecular and cellular mechanisms that lead to tissue damage
and dysfunction. Key mechanisms include endothelial cell
damage, accelerated atherosclerosis, inflammation, oxidative
stress, fibrosis, and alterations in metabolic pathways [38, 7].

The aim of our research was the analysis and
evaluation of modern literature data on the possible
association between exposure to ionizing radiation and the
development of diseases of cardiovascular system.

Search strategy

For the search and analysis of scientific data, we used
databases and web resources: MEDLINE, Pubmed, Google
Scholar, Cyberleninka, and e-LIBRARY. For the literature
review, we used sources published from 1998 to 2025.
Scientific articles were used that correspond to the topic
and the basic context of the study. During the selection of
literature for writing an article, preference was given to
publications in peer-reviewed publications. During the
primary analysis, a general array of articles was selected,
which was filtered for compliance with keywords and
context. As a result of the primary selection, 124 literary
sources were identified, of which 45 publications were the
basis of the analytical material for this article.

Inclusion criteria: reports of randomized and cohort
studies, systematic reviews and meta-analyses, diagnostic
and treatment protocols, and articles in English. Exclusion
criteria: personal communications, newspaper publications,
abstracts, and articles with fuzzy conclusions.

Results and discussion

Pathogenetic mechanisms of cardiovascular
pathology development under the influence of ionizing
radiation

Radiation-induced circulatory pathology, according to
many studies, is associated with acute exposure to high
doses of radiation [21, 26]. The effect of high doses of
ionizing radiation on blood vessels is well illustrated by the
example of radiation therapy for cancer, which is
accompanied by damage to the vascular intima. At the level
of large vessels, such damage is similar to atherosclerotic
lesions. Similar changes are observed, for example, in the
coronary arteries during the treatment of lung or mediastinal
cancer, as well as in peripheral arteries during the treatment
of corresponding cancer sites. At the microvascular level,
endothelial damage is observed, leading to damage to
internal organs such as the kidneys, skin, and brain [1].

The early development and progression of atherosclerotic
cardiovascular diseases is primarily based on the development
of endothelial dysfunction with the accumulation of reactive
oxygen species in endothelial cells, as well as chronic low-
intensity inflammation, which plays a key role in atherogenesis
[38]. Thus, a number of studies, including experimental ones,
have shown that exposure to high radiation doses can lead to
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an increase in the levels of adhesion molecules, such as
intracellular adhesion molecule 1 (ICAM-1), vascular adhesion
molecule 1 (VCAM-1), E-selectin, and platelet endothelial
adhesion molecule (PECAM-1) [5, 44]. In addition, another
probable mechanism of dysfunction has been shown: a
decrease in the activity of thrombomodulin and an increased
formation of von Willebrand factor, one of the key factors of
endothelial dysfunction [41].

In recent years, the concept of radiation-induced heart
disease, which occurs as a result of radiation therapy, has
emerged. In an experimental study on mice irradiated with a
dose of 30 Gy of 60Co y-rays, a significant number of
inflammatory cells was detected, and after one and a half
months, an increase in hypertrophied cardiomyocytes and
increased myocardial fibrosis. Furthermore, radiation-
induced heart disease was associated with the expression
of the Cmpk2, Ifit3, Dhx58, Sic2a1, and Thbs1 genes. The
results of the study allowed the authors to conclude that
acute radiation injury to the heart is associated with
inflammation and mitochondrial dysfunction, while chronic
radiation injury is associated with myocardial fibrosis [23, 32].
Diffuse fibrosis, following high-dose exposure, affects not only
the myocardium but also the pericardium, causing pericardial
adhesions, microvascular damage, damage to the
intracardiac conduction system, and valvular stenosis, as well
as stenosis of the coronary, carotid, and other major arteries.
These effects can occur both in humans receiving radiation
therapy and in experimental animals [2].

Effects of high doses of ionizing radiation on the
cardiovascular system

High risks of radiation-induced cardiac pathology are
associated with postoperative radiation therapy for
malignant breast neoplasms. Doses to individual parts of
the heart muscle during this type of treatment can exceed
40 Gy with fractionated double irradiation of 20 Gy. When
calculated for the entire heart muscle, this dose
corresponds to 1-2 Gy [32]. Mortality rates from circulatory
diseases in women who underwent surgery and radiation
exposure were almost 30% higher than in women who
received surgery alone [8]. Adverse effects on the heart are
observed more often with left-sided neoplasms than with
right-sided cancers. Radiation doses to the heart in patients
with left-sided tumors undergoing radiation therapy are
higher than in patients with right-sided tumors undergoing
radiation therapy [10]. This is confirmed by the results of a
large-scale epidemiological study of 72,000 breast cancer
patients with a 30-year follow-up period. In this cohort,
women with left-sided cancers (average radiation dose
greater than 6 Gy) had an increased risk of coronary heart
disease, pericarditis, and valvular defects compared to
patients with tumors located on the right (average radiation
dose to the heart of approximately Gy) [26].

Some studies have reported involvement of the immune
system in response to exposure to ionizing radiation. In
particular, variations in T-cell and B-cell populations
depending on radiation doses were found in Japanese atomic
bomb survivors [16]. This relationship is especially
pronounced with irradiation of the bone marrow or the whole
body. It is assumed that radiation exposure causes death of
monocytes in the arterial intima, which is associated with the
development of atherosclerosis [19]. Monocyte adhesion is
associated with radiation-induced aging of the vascular

endothelium [24]. With regard to arterial hypertension, the
kidneys are considered to be the main target organ for
radiation exposure, which is confirmed both by experimental
studies and in a study conducted in a cohort of atomic bomb
survivors in Japan [12, 17].

Effects of low doses of ionizing radiation on the
cardiovascular system

There is evidence that cardiovascular diseases may
also be associated with lower levels of radiation exposure,
particularly occupational exposure [18, 20, 11]. Some
studies conducted in the last decade suggest an excess
radiation-related risk at doses received in occupational
settings or in unfavorable environmental conditions (<0.5
Gy/L) [20, 21, 22], but the existence of such risks and their
magnitude remain unclear. The primary cause of damage to
the vascular network is systemic hypoxia, which affects the
function of many organs, primarily the myocardium and
brain. At moderate radiation doses averaging approximately
50 cGy, the cardiovascular risks for exposed individuals
were comparable to those associated with cancer [22].

Cohorts of atomic bomb survivors in Japan

Ecological studies examining the relationship between
morbidity and mortality from cardiovascular disease and
radiation exposure primarily include studies on cohorts of
individuals who survived the atomic bombing in Japan and
who received relatively high doses of external gamma
radiation in a single instance. For example, the Life Span
Study (LSS) cohort study revealed an excess of mortality
associated with cardiovascular disease and stroke [35].
These studies have reliably established a link between
ionizing radiation from nuclear testing and mortality from the
main circulatory diseases — stroke and coronary heart
disease (CHD). Thus, the ERR for ischemic stroke was 0.04
Gy-1 (95% CI -0.1, 0.2), for hemorrhagic stroke 0.05 Gy-1
(95% CI -0.06-0.17), while this indicator was 0.58 (95% ClI
0.45-0.72) for all cases of CVD [36].

Another study conducted in the same cohort found
increased risks of LSS, arterial hypertension, and acute
coronary syndrome, but these indicators were not
statistically significant [47]. These risks were significantly
increased among cohort members exposed in early
childhood, but among individuals exposed in utero, the risks
of CVS were significantly lower. It should be noted that
cohort members exposed in utero had lower doses than
those exposed in childhood [39].

According to the study by Preston D.L. et al. (2003), in
the LSS cohort, the excess relative risk (ERR) estimates
were 0.17 with 90% CI (0.08-0.26) for all circulatory
diseases and 0.12 (90% Cl, 0.02-0.22) for stroke for the
period from 1968 to 1997 [31]. In the study by Takahashi et
al., who also studied this population, an increased risk of
developing valvular heart disease, more often of rheumatic
genesis, was established. Thus, the ERR/Gy for rheumatic
heart diseases was 0.96 Gy-1 (95% Cl 0.28-1.92), while for
coronary heart disease only a slight increase was observed
- 0.03 Gy-1(95% CI -0.08-0.15) [37].

It should be noted that the unique situation of the atomic
bomb survivors in Japan was that ionizing radiation was not the
only factor. The victims also suffered burns, multiple injuries to
various organs and bones, and severe stress, which could
have affected their health and led to the development of
cardiovascular diseases in subsequent years.
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Persons exposed to occupational radiation

Adverse effects of radiation exposure have been identified
not only among those affected by nuclear weapons testing, but
also among occupational groups. For example, the
International Nuclear Worker study (INWORKS) found a
significant increase in the risk of cardiovascular diseases
(CVD), including coronary heart disease (ERR 0.18; 95% ClI
0.004-0.36), acute myocardial infarction (ERR 0.26; 95% ClI
0.003-0.51), and chronic cerebrovascular diseases (ERR 0.5;
95% C10.12-0.94) [11].

In 2007, the International Agency for Research on
Cancer (IARC) conducted a large-scale study examining
the risk of various diseases among nuclear energy workers
in fifteen countries. The study's results suggested increased
risks of mortality from CVD in general, cerebrovascular
diseases, and certain circulatory diseases, but not from
heart failure or deep vein thrombosis; however, the results
were not statistically significant [42].

Another significant group of professionals exposed to
single-dose radiation is the Chernobyl disaster liquidators.
The dose range was very wide. In this group, the risks of
not only mortality but also cardiovascular disease (CVD)
incidence related to radiation exposure were studied. This
cohort exhibited an excess incidence of coronary heart
disease and stroke, and a link was established between
these and exposure to ionizing radiation. However, no such
link was found for arterial hypertension [17].

The effects of ionizing radiation on circulatory diseases
have been studied in considerable detail using workers at
the Mayak Production Association in the Chelyabinsk
Region, who produce nuclear weapons components and
isotopes, as well as store and recycle spent nuclear fuel. A
distinctive feature of radiation exposure for this group is the
relatively high average whole-body dose (approximately
0.5-0.6 Gy) that accumulated over a long period of time.
Furthermore, the majority of this dose was delivered via a-
emitting plutonium radioisotopes, representing internal
doses, primarily to the liver. In this cohort of professionals,
trends toward increased coronary heart disease and
cerebral vascular pathology, both for morbidity and
mortality, were also identified [4]. A study including
representatives of the Mayak cohort of workers
demonstrated dose-dependent trends for CHD (ERR 0.06
Gy-1; 95% CI 0.001-0.13) and cerebrovascular disease
(ERR 0.00 Gy-1; 95% CI -0.06-0.08) [4]. An excess relative
risk of cardiovascular mortality per Sievert was also found in
a group of UK radiation industry workers (ERR 0.25 Sv-1),
but this figure was of borderline significance [28].

In a cohort study conducted in China, it was found that
long-term exposure to low doses of ionizing radiation is also
a risk factor for the development of hypertension (RR =
2.09; 95% Cl: 1.40-3.06). The fundamental fact is the
establishment of a linear increase in risk depending on the
dose. Thus, the average dose (5.17-20.00 mSv) caused an
increase in RR of 2.70 (95% Cl: 1.39-4.99); a high dose
(48.33-110.84 mSv) was characterized by the maximum
RR, amounting to 3.05 (95% CI: 1.46-5.96) [46].

Population  of radioecologically  unfavorable
territories

The least accurate determination of radiation doses is
characteristic of cohorts of residents of areas exposed to
radiation from nuclear weapons testing or radioecological

disasters. This is due to significant uncertainties associated
with population migration, different dietary habits and
lifestyles, and the need to calculate doses retrospectively
using a survey of exposed individuals, which is associated
with memory errors. For example, in a cohort of individuals
exposed to radiation in the Southern Urals (the Techa River
cohort), significantly elevated excess relative risks of
mortality from all circulatory diseases (ERR 0.24 Gy-1) and,
in particular, coronary heart disease (ERR 0.40 Gy-1) were
found. However, when calculating the indicator for the entire
population (exposed + unexposed), it increased significantly
- up to 3.15 Gy-1 for diseases of the circulatory system,
3.22 Gy-1 for cardiac pathology and 2.96 Gy-1 for stroke
[15].

Results of studies published in recent decades
assessing the health status of the population living in the
Semipalatinsk Nuclear Test Site (SNTS) also demonstrate a
clear link between radiation exposure and the risk of
developing CVD. A cohort study that included residents of
Kazakhstan exposed to radiation as a result of nuclear
weapons tests at the Semipalatinsk nuclear test site
compared with unexposed residents from 1960 to 1999
found that radiation doses ranged up to 0.63 Gy to the
whole body. Overall, the exposed population showed high
mortality from cardiovascular diseases, significantly
exceeding that in the unexposed cohort. However, no clear
dose-response relationship was found for all cardiovascular
diseases, heart disease, and stroke [14]. Long-term
exposure to low and medium doses of ionizing radiation
was shown to result in an increased ERR among the
general population living in the area of 3.15 Gy-1 (95% ClI
2.48-3.81). This study also found an increased relative risk
of stroke among the affected population.

This relationship was confirmed in another study that
included patients injured in ground-level explosions and
their descendants [34]. The authors found that patients
exposed to radiation were younger than those not exposed
(mean age 63 years versus 64 years, p < 0.001) and had a
higher prevalence of almost all comorbidities. Furthermore,
exposed patients had a higher risk of stroke mortality than
non-exposed patients.

Of particular interest are studies assessing the role of
radiation exposure and the risk of developing arterial
hypertension (AH). Currently, there is no doubt that AH is
one of the main risk factors for the development of the most
significant CVDs, as well as mortality due to CVDs in the
world. Thus, a series of LSS studies determined the
association of radiation exposure not only with the risk of
developing AH (ERR was 0.07 Gy-1 with 95% CI -0.22,
0.55) [36], but also with the progression of organ damage
mediated by AH (ERR 0.360 Gy-1; 95% Cl 0.1-0.68) [37].
An increased risk of developing AH was also established
among residents affected by the activities of the STNPS;
thus, the study by Markabayeva A. et al. also established
an excess relative risk of developing AH [25].

Conclusion

Our literature review demonstrates a clear link between
radiation exposure over a wide range of doses and
increased risks of circulatory diseases, primarily coronary
heart disease, stroke, myocardial infarction, and
hypertension. The development of circulatory diseases due
to radiation exposure is primarily due to damage to the
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vascular intima, primarily in the coronary arteries, changes
in the endothelium associated with the accumulation of
reactive oxygen species, and low-grade inflammation
leading to the development of atherosclerosis. Acute
radiation injury to the heart is associated with inflammation
and mitochondrial dysfunction, while chronic radiation injury
is associated with myocardial fibrosis. High doses of
cardiovascular radiation are typically associated with
radiation therapy for cancers such as breast or lung cancer.
Low doses of radiation are typical for radiation situations
associated with occupational exposure to ionizing radiation,
as well as for residents of radiation-contaminated
ecologically unfavorable areas due to nuclear weapons
testing or radiation accidents.
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