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ABSTRACT

Informative value of systematic reviews may be limited if more and less reliable stidies are analyzed together. A narrative
review based on observations, qualitative analysis of the literature and plausibility of supposed mechanisms might provide
some additional information. Populations exposed to elevated radiation background“in the former Soviet Union are
analyzed here in some detail: the areas of Chernobyl, the Urals and.Semipalatinsk Nuclear Test Site. After the
Chernobyl accident appeared numerous publications overestimating its.nmedical consequences. Various limitations can be
found in such studies: interpretation of spontaneous diseases as_radiation-ifiduced, indication of radioactivity or dose
levels without comparison with the natural radiation bagkground;sconclusions about incidence increase without
statistically correct comparison with growth tendencies for larger regions. Dose levels associated with cardiovascular
derangements in experimental animals and humans undergoing ‘radiotherapy are generally higher than averages in
above-mentioned cohorts. Unrealistic cardiovascular riskspat low-dose exposures call in question cancer risks reported by
the same and other researchers. Pathogenetic, mec¢hanisms at low-doses are not well understood. Undoubtedly,
high-dose exposure to ionizing radiation, catses cardiovascular damage. It is uncertain whether low-dose chronic
exposure causes measurable cardiovascular Tisk; fusther research is needed. Reliable data can be obtained in large-
scale animal experiments with registrationnof the life duration. Current radiation protection follows the reasonable
precautionary principle. Strictly obsérved realistic safety regulations would bring more benefit for the public health than
excessive testrictions that might be violated in some countries disregarding international law, bringing economic and
strategic advantages to the trespasserss

Keywords: lonizing Radiation; Chernobyl Accident; East Urals Radioactive Trace; Semipalatinsk Nuclear Test Site;

Cardiovascular Diseases
INTRODUCTION

Since many years we have tried to demonstrate that certain
environmentalists and scientific writers act in accordance with
the interests of fossil fuel producers [1,2]. According to insider
observations, the unofficial directive to exaggerate Chernobyl
consequences was issued in the former Soviet Union (SU) in
the late 1980s, when studies of that kind were started or
planned e.g. [3-9]. After the Chernobyl accident, numerous
poorly appeared,  where
spontaneous diseases in clean-up workers or residents of radio

substantiated  publications
contaminated areas, sometimes quite distant from Chernobyl,
were claimed to be radiogenic [3-7]. Apparently, motives for
the overestimation of Chernobyl consequences included
scientific careers, financing, international help, etc. Later on,
the Chernobyl accident has been exploited to strangle the
worldwide development of atomic energy [10].

METHODS

This article is a narrative review. The informative value of

systematic reviews may be limited if more and less reliable data
are intermingled due to selection, ideological or other bias. A
narrative review based on observations, qualitative analysis of
the literature and of plausibility of supposed pathogenetic
mechanisms might be more informative. The search of the
international literature was performed predominantly using
PUBMED/MEDLINE. Russian-language professional
publications were searched in the electronic database
eLIBRARY.ru. Books were found in libraries. The data have
been analyzed taking into account interviews with pathologists,
radiologists and other experts in research centers and medical
territories formerly

institutions including those on the

contaminated by the Chernobyl fallout.

Opverestimation of Chernobyl Consequences

After the Chernobyl accident appeared numerous publications
overestimating its medical consequences. The following flaws
can be found in such studies: interpretation of spontaneous
diseases as radiation-induced, indication of radioactivity or dose
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levels without comparison with the natural radiation
background, conclusions about incidence increase without
statistically correct comparison with growth tendencies for
larger regions or the whole country. Abundance of poorly
substantiated publications created the Chernobyl Myth, which
has hindered development of nuclear energy production in
many countries [10,11]. In some studies, high morbidity figures
were caused by nonrandom selection or inaccurate
morphological assessment of tissue specimens. Some studies
were based on small samples or singular observations, do not
provide any statistically significant information, but create an
exaggerated impression about consequences of the accident.
For example, severe urothelial dysplasia and carcinoma in situ
(CIS) were found as frequently as in 76 % and 92 %,
respectively, among randomly selected patients with benign
prostatic hyperplasia, residing in the contaminated areas [12].
In another paper, even higher percentages for severe urothelial
dysplasia and CIS (86 % and more) were reported in random

patients from the contaminated areas [13].

It should be commented that interpretation of a moderate
elevation of the background radiation as low doses would have
been applicable if the radioactivity were counted from zero. In
fact, the radioactivity level for the majority of residents of the
contaminated areas was just a moderate increase in the overall
exposure that also included the natural radiation background
and medical exposures. In terms of the cesium-137 deposition,
the population exposure in contaminated areas was estimated as
follows: around 6,800,000 inhabitants resided in territories with
a contamination level of 37-555 kBg/m2, and 270,600
inhabitants lived on territories with a contamination level >555
kBq/m2. To the latter group belonged 115,000 evacuees, who,
according to the official classification of contaminated zones,
must have been resettled from the areas with the contamination
levels above 1480 kBq/m2. External doses received by evacuees
from the 30 km exclusion zone were predominantly less than
250 mSv, but a few residents in the most contaminated areas
might have received doses around 300-400-mSv [14]. Annual
average effective doses received by residents of the strictly
controlled zones, which surround the 30 km exclusion zone,
were around 40 mSv in the first year after the accident, but
decreased to less than 10 mSv in the following years, thus
upper limit for
occupational exposure, which is 20 mSv/year (averagely over a

remaining below the recommended
period of 5 years, not exceeding 50 mSv in any single year). For
comparison, 3414 Uranium miners with lung cancer who
worked in Eastern Germany during the years 1946-1990
received the average cumulative doses over 800 Working Level
Months (WLM), which is approximately equivalent to more
than 4000 mSv [15]. WLM is a unit used to determine
cumulative exposure from radon and its progeny: 1 WLM = 1
WL for 170 h corresponding approximately to 5.1 mSv. For
about 13,000 miners with archived occupational data, an
average exposure level of 725 WLM (3700 mSv) was
determined, including about 800 workers with the levels above

1800 WLM, roughly equivalent to 9200 mSv [16-18].

Previously we commented on some works by Drs. Alfred
Korblein, Hagen Scherb and associates [8]. Using mathematical
calculations, Kérblein has alleged a cause-effect relationship
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between the Chernobyl fallout and perinatal mortality increase
in the former Soviet Union (SU) and even in Western Europe
[19-22]. The following arguments should be recollected in this
connection: correlations (especially weak ones) do not prove
causality; there have been social confounding factors in action
since 1986; vested interests: first time after the Chernobyl
accident prevailed the aspiration after international aid and
cooperation; later on, the interests of fossil fuel producers have
come to the fore; data from the former SU may have been
biased in accordance with the above-mentioned interests;
worldwide variations of natural background radiation are larger
than average surplus from Chernobyl on contaminated
territories.

An example: “It is hypothesized that the observed increase in
perinatal mortality in the 1990s may be a late effect of
incorporated strontium-90 on the immune system of pregnant
women. The analysis is based on a theoretical model, as no data
on strontium concentrations were available” [23]. Moreover:
“Acceptance of the means that
atmospheric weapons testing could be responsible for the deaths
of millions of infants in the Northern Hemisphere” [23]. Of
note, significant"deposition of 90Sr after the Chernobyl
accident was limited to the zone adjacent to the NPP; virtually
no areas outside the 30 km zone were contaminated at a level
>100 kBg/m2. Contaminations exceeding 37 kBq/m2 were
almost all within a distance less than 100 km from the NPP. An
individual lifetime dose as a function of contamination 185-555
kBg/m2 was estimated in the range 5-20 mSv [11], which is a
small addition to the average dose from NBR. According to a
study conducted in the first half of the 1990s, the intake of
90Sr with residents’ food in the most contaminated Gomel
province was in the range 1-1.7 kBg/year. Individual doses
estimated based on measurements of 90Sr in the body did not
exceed 10% of internal radiation from natural radionuclides.
The annual effective dose from 90Sr in Gomel province in
1994 was negligible: <0.002 mSv or <5% of the dose from
137Cs [14]. Analogous data (“Internal doses from 90Sr in
Gomel oblast during 1986-2001 are estimated 10-30 times
smaller than from Cs ingestion for the same time period”) were
cited by Korblein [21] with reference to a report of the
Belarusian Ministry of Health [24]. Further dose comparisons
are presented here below. Another questionable statement: “A

strontium  hypothesis

highly significant peak [of perinatal mortality] was also found in
Ukraine in 1991, in addition to the effect of gross domestic
product. These peaks occurred too early to be attributed to the
socioeconomic crisis (sic)” [19]. For inside observers it is obvious
that after the antialcohol campaign (1985-1989) followed a
deep “socioeconomic crisis” i.e. deterioration of the healthcare
and mass consumption of poor-quality toxic beverages sold
through legally operating shops. According to observations, the
quality and availability of some medicaments, foodstuff, and
infant food decreased at that time.

Expectant mothers having anxiety and post-traumatic stress are
at a higher risk of preterm birth [25]. Exaggeration of increased
risk especially for pregnant women “repeatedly created a
situation of panic, like a posttraumatic stress disorder” [26].
After the Chernobyl accident, “conflicting information and
false rumors spread considerable alarm among the public in
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general and among pregnant women in particular” [27].
Radiation phobia with psychosomatic manifestations must be
more prevalent in most contaminated areas thus contributing
to dose-effect correlations. It can be reasonably assumed that
radiophobia contributed to illegal abortions during the last
trimester of pregnancy influencing perinatal mortality statistics.
There was an increase in the induced abortion rate in different
countries after the Chernobyl accident. Certain professional
publications may prevent physicians from giving adequate
advice to pregnant women inquiring about a possible abortion.
Presumably, “the public debate and anxiety among the
pregnant women and their husbands ‘caused’ more fetal

deaths... than the accident” [28].

Undoubtedly, ionizing radiation can cause damage to the
embryo and elevate prenatal mortality. According to the ICRP
and UNSCEAR, there may be a threshold for teratogenic
effects at ~ 100 mGy [29-31], which is much higher than average
doses related to accidents. Diagnostic imaging can expose a
fetus to 50 mGy, which poses no known risk of anomalies or
pregnancy loss [32]. Of note, epidemiological studies tend to
overestimate radiation-related risks due to selection and self-
selection bias (higher probability of exposed people to be
medically examined), social and psychological factors
sometimes accompanying exposures. Threshold doses in animal
experiments are generally higher than those calculated on the

basis of epidemiological studies in humans [33-35].

The author agrees with Mark P. Little [36], who stated that data
of equivocal reliability “should therefore probably not be used
for epidemiologic analysis, in particular for the Russian worker
studies considered here [37-40].” Similar concerns may apply‘te
certain studies discussed in this review. Given the current
abundance of literature, it is essential that future reviews and
meta-analyses incorporate rigorous evaluation of. research
quality, selection criteria, selfselection effects; and. potential

ideological bias in determining which studies meritinclusion.

Misunderstanding can arise from the paper by Mikhail Balonov
[41], containing the following phrase in the abstract: “Apart
from the dramatic increase in TC incidence among those
exposed at a young age and some increase of leukemia and solid
cancer in most exposed workers, there is no clearly
demonstrated increase in the somatic diseases due to radiation.”
However, in the Chernobyl Forum publication [42] cited by
Balonov [41], leukemia and solid cancers (except thyroid
carcinoma) are not discussed. In another Chernobyl Forum
publication [43] it is stated that “apart from the dramatic
increase in TC incidence among those exposed at a young age,
there is no clearly demonstrated increase in the incidence of
solid cancers or leukemia due to radiation in the most affected
populations” and further “there have been many post-
Chernobyl studies of leukemia and cancer morbidity in the
populations of contaminated areas in the three countries. Most
studies, however, had methodological limitations and lacked
statistical power. There is therefore no convincing evidence at
present that the incidence of leukemia or cancer (other than
thyroid cancer) has increased in children, those exposed in
utero, or adult residents of the contaminated areas” [43]. In the
Report of the UN Chernobyl Forum Expert Group “Health”, it

was commented that “there is currently no evidence to evaluate
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whether a measurable risk of leukemia exists among the exposed
as adults in the general population. With regard to liquidators,
there is clearly a need to clarify the existing observations” and
further “there is no evidence of increased risk of non-thyroid
solid cancers resulting from Chernobyl” [44]. The same, in
principle, is said in the text of the article by Balonov [41]. So,
the above-cited statement from the open access abstract is
substantiated neither in the article text nor in the Chernobyl
Forum publications directly or indirectly referred to in this
article named “The Chernobyl Forum: major findings and
recommendations” [41], which is in fact misquoting.
Furthermore, the counterpart of the “the most exposed workers
or liquidators” [41] in the general population, middle-aged men
from the working class, are incompletely covered by medical
services, so that regular medical checkups of the exposed
workers have predictably resulted in an increase of the
registered incidence of various diseases. These considerations, as
well as bias due to the dose dependent self-reporting of patients
[45], pertain also to another study [46], where national statistics
for leukemia were used as external control for a cohort of clean-
up workers (liquidators). Oncological aspects of the problem
have been discussed previously [47]. This article is focused on
cardiovascular conditions.

Radioactive Contamination in the Urals

Consequences of the radio contamination in the Urals were
summarily ‘more significant than those after the Chernobyl
disaster. The difference is that the latter was an accident, but
the former - a radio contamination lasting over 70 years with
in between. Apart
exposures, the disposal of radioactive substances into the river
Techa, the 1957 Kyshtym accident and dispersion by winds
from the lake Karachai in 1967, led to exposures of residents.
The East Urals Radioactive Trace (EURT) cohort included
people exposed after the Kyshtym accident. Large discharges of
radioactive materials into the Techa River in the Southern
Urals occurred between the years 1949 and 1956. The most

exposed individuals were residents of villages along the river.

several accidents from professional

At earlier times (until 2005-2010), researchers found no cancer
increase in exposed populations of the Urals with average
exposures below 0.5 Sv or among employees of the Mayak
Production Association (MPA) [48-50]. The absolute risk of
leukemia per 1 Gy and 10000 man-years was found to be 3.5-
fold smaller in the Techa river cohort than in the Life Span
Study (LSS) of atomic bomb survivors in Japan. This was
reasonably explained by a higher efficiency of the acute
exposure compared to chronic and fractionated ones. Later on,
the same experts reported comparable or even higher risks of
cancer and other diseases in the cohorts from the Urals and in

LSS [51-53].

Increased risks of non-malignant diseases - cardiovascular,
respiratory, digestive - have been reported by the same and other
scientists in the Urals and Chernobyl cohorts. For example, the
incidence of cerebrovascular disease was significantly elevated
among MPA workers with a total external dose >0.1 Gy
protracted over vyears [54]. This is indicative of bias, in
particular, of dose-dependent selfselection, noticed also by
other researchers in radiation-exposed cohorts [55,56]. It can be
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reasonably assumed that individuals with higher dose
estimates were on average more interested in medical

examinations. In the health care system of the former SU,
thoroughness of medical examination has often depended on a
patient’s initiative. According to a personal communication
with Techa River expert Ludmila Krestinina (year 2014),
preoccupied with  monetary

exposed  residents

compensations. Most probably, individuals with higher dose

were

estimates or those residing in more contaminated areas were
more insistent at examinations, visited medical institutions
more frequently, being given more attention. As a result of the
screening effect, observation bias, dose-dependent selection and
self-selection, diagnostics was a priori more efficient in patients
with higher doses, especially of diseases without local symptoms
such as leukemia. Therefore, epidemiological studies alone do
not prove causality for low doses.

Along the same lines, an earlier study found a reduction of
cancer mortality in the EURT populace [57]. A review
confirmed approximately the same level of both cancerrelated
and all-cause mortality in the EURT vs. control [49]. In a later
report on the same cohort, the authors avoided direct
comparisons but fitted the figures into a linear model. The
configurations of doseresponse curves depicted in this paper
seem to be inconclusive but nevertheless an elevated cancer risk
in the EURT population was claimed [58]. In earlier reports, an
incidence elevation of cardio- and cerebrovascular diseases in
MPA, Techa River and EURT cohorts was not accompanied by
a mortality increase. This can be reasonably explained by a
greater diagnostic effectiveness in people receiving higher doses,
leading to a diagnosis of mild and questionable cases. A similar
tendency for cancer was noticed among Chernobyl emergency
workers [59]. Chernobyl cleanup workers underwent repeated
medical checkups. As a result, lesions were efficiently detected
including small, dormant cancers and nodules with uncertain
malignant potential. The early detectionand /treatment of
diseases contributed to the diminution 'of mortality. Besides,
some differentiated and borderline tumors, statistically filed as
cancers, did not lead to death. However, in a recent paper
based on the MPA cohort, an increased mortality risk from
myocardial ischemia was claimed for the range of 5-50 mGy/
year [60]. Presumably, some our comments, though not cited,
have been taken into account. The review by Koterov et al. [61]
has apparently been influenced by the comments cited by the
same first author [62], discussed previously [63], yet trying to
shift responsibility for misleading information onto foreign
scientists: “In most sources, 2005-2021 (publications by M.P.
Little with co-workers, and others) reveals an ideological bias
towards the effects of low doses of radiation ... In selected M.P.
Little and co-authors sources for reviews and meta-analyses
observed both absurd ERR values per 1 Gy and incorrect
recalculations of the risk estimated in the originals at 0.1
Gy” [61]. Note that relevant papers co-authored by M.P. Little
used the data provided by co-workers from the former SU.

Cardio- And Cerebro-Vascular Conditions

Most of current understanding on the effects of ionizing
radiation comes from in vitro and in vivo models. Results
suggest that acute doses may induce cardiovascular damage by
several mechanisms, including DNA damage, mitochondrial
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dysfunction, perturbations of myocyte calcium handling and
ion channel regulation, increased production of reactive oxygen
species or pro-inflammatory mediators. These mechanisms can
lead to aberrant endothelial and cardiac gene expression, cell
dysfunction, and inflammation [64,65]. However, it is not well
understood whether these or other mechanisms are operative at
low-dose exposures [66].

Excess cardiovascular risks have been observed in a number of
occupationally exposed groups, reviewed in [67]. In particular,
increased risks of cardiovascular diseases were claimed for the
cohorts from Chernobyl and the Urals, whereas average doses
have been compatible with those from the natural background.
There are many populated areas on the Earth where annual
dose rates from the background are 10-100-fold greater than the
worldwide average (2.4 mSv) with no health risks reliably
proven [68]. The doses have been protracted over many years:
studied MPA workers since 1948-1982.
Average doses of gamma radiation were around 0.54 Gy in
males and 0.44 Gy in females in the research, where the
incidence limbs reportedly
correlated with the dose [69]. Average doses in the Techa
River cohort were 34-35 mGy while the follow-up was since
the 1950s [70], so that the dose
with  those ftom . the natural background. The
research team' acknowledged that the risk for doses <0.1 Gy
can be lower than that calculated using a linear model [71].

were employed

lower

of atherosclerosis in

were comparable
same

rates

Doses mentioned above are hardly suitable for computations of
the dose and dose rate effectiveness factor (DDREF). Earlier
Russian publications pointed out a higher biological efficiency
of acute exposures compared to chronic ones; later on the same
researchers claimed that the International Commission on
Radiological Protection (ICRP) underestimates health risks
from chronic exposures, and recommended the use of DDREF
= 1.0 [72], thus implying the same effect for acute and
protracted exposure to the same dose. This recommendation is
obviously unsuitable for the dose rates compatible with those
from the natural background.

The average total dose to male MPA workers studied by
Moseeva was 0.91 Gy. Over 90% of the Techa river cohort
received <0.1 Gy protracted over years [73,74]. For comparison,
some studies found no evidence for excess morbidity and
mortality from coronary artery disease in women treated with
radiotherapy for the left breast cancer compared to those with
right-side tumors [75]. An increased risk of heart disease has
been related to breast tumor doses of 40-50 Gy and mediastinal
doses in excess of 40 Gy [76]. The 7th Report of the
Committee on the Biological Effects of lonizing Radiation
BEIR VII summarized that “there may be some risk of
cardiovascular morbidity and mortality for very high doses and
high-dose-rate exposures” [77]. According to the judgment by
the UNSCEAR, given the inconsistent epidemiological data
and the lack of biologically plausible mechanisms, the present
evidence is not sufficient to establish a causal relationship
between ionizing radiation and cardiovascular disease at doses
<1-2 Gy [76]. The latter figure may be an underestimation as
some epidemiological data are biased due to the dose-
dependent self-selection, while doses associated with functional
or morphological cardiovascular changes in experiments were

considerably higher [78-80].
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Prof. Little have rightly noted that the “diagnosis (by a
physician knowing the patient’s history) could vary with dose”
[81]. Mild and borderline conditions are probably more often
diagnosed in people with higher doses due to more thorough
examinations and the patients’ attention to their own health.
The high frequency of cardiovascular diseases in studied
populations from Russia have been explained by unfounded
conclusions in unclear cases both post- and ante-mortem [82].
There is a tendency in the former SU: the lower the diagnostic
quality, the higher the fraction of cardiovascular diseases
among all recorded causes of death. The same is true also for
deceased people not undergoing autopsy: cardiovascular
diseases are often recorded as causes of death in unclear cases

[83].

Another study based on the MPA cohort analyzed 9469 cases of
cerebrovascular diseases including 2078 strokes [84]. The
following statements are contradictory: “Cerebrovascular
diseases incidence was found to be significantly associated with
cumulative radiation dose” and “No significant associations of
either stroke or its types with cumulative gamma-ray dose of
external exposure or alpha-particle dose of internal exposure
were found” [84]. It can be reasonably expected that with more
arterial occlusions and stenoses there would be more strokes. A
possible explanation for the discrepancy is the dose-dependent
diagnostic quality and a larger screening effect in populations
with higher average doses. At that, mild and questionable
conditions would be diagnosed more often. On the contrary to
cerebrovascular diseases in general, strokes are diagnosed based
on distinct morphological or clinical criteria, overdiagnosis
thus being less probable. Moreover: “The estimates of the
cerebrovascular diseases incidence risk significantly decreased
with the increasing duration of employment for the entire
cohort (p < 0.001)” and “In addition, a significant decrease in
cerebrovascular diseases incidence risk with increasing attained
age was observed in both males and females” [84]. The
incidence of cerebrovascular diseases is known to increase with
age; so that the above quotes are compatible:with a protective
(hormetic) effect of low radiation doses. In the author’s
opinion, Azizova should have discussed serious cerebrovascular
diseases (strokes) and concluded that there was no increase of
strokes after low-dose low-rate exposures [84]. By including mild
and unreliably diagnosed conditions, they were able to make a
elevate the frequency of

conclusion that low doses

cerebrovascular diseases.

Greater risks of cerebrovascular diseases at higher doses in
females than in males agree with the known tendency that
women in Russia care more than men about their health and
are generally given more attention by medical personnel. Some
men, especially those supposed to be alcohol consumers, are
not given sufficient attention [94]. Hence the worldwide
greatest gender gaps in the life expectancy: countries of the
former SU crown the list [85]. Accordingly, the diagnostics in
women must be on average more efficient and reliable than in
men. This notion doesn’t contradict to the higher relative risk
in some low-dose male groups: Tables 1 and 1S in [84].
Cerebrovascular diseases are more frequent in men, among
others, thanks to alcohol, smoking and untreated hypertension.
Some overdiagnosis of mild conditions may occur just because
these conditions are expected. The author encountered
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descriptions of age- and hypertension-related changes of retinal
vessels in a medical record of a middleaged man after a
dispensarization (yearly workplace examination) whereas his eye
grounds had not been inspected. As for post mortems,
supposedly agerelated changes (aortal, coronary, cerebral or
basilar atherosclerosis) have been habitually written without
sufficient evidence in autopsy reports and death certificates
[83]. In higher-dose groups the diagnostics would be more
reliable resulting in a more pronounced screening effect
especially in women but less frequent unsubstantiated
recordings especially in men.

Among members of the MPA cohort who received gamma-ray
doses more than 0.1 Gy, the incidence of circulatory diseases
was found to be higher than in people exposed to lower doses
[54,86]. The excess relative risk (ERR/Gy) of cerebrovascular
conditions in MPA employees was claimed to be even higher
than among A-bomb survivors in Japan [86], where dose-
dependent selection could have taken place like in other
epidemiological studies. Some data assessments of life span
study (LSS) of A-bomb survivors are compatible with hormesis

[87-90].

Considering the above, the following statements by the same
scientists may create biased impression. The statements cited
below, not specifying dose levels, are inapplicable to the cohorts
from the Utals'and to low radiation doses in general, being
suggestive of bias. Here follow the examples:

“It is concluded that this study provides evidence for an
association of lower extremity arterial disease incidence with
dose from external gamma-rays” [91].

“This study provides strong evidence of ischemic heart disease
incidence and mortality association with external gamma-ray
exposure and some evidence of ischemic heart disease
incidence and mortality association with internal alpha-
radiation exposure” [37].

“A significant increasing trend in circulatory diseases mortality

with increasing dose from internal alpha-radiation to the liver
was observed” [92].

“Significant associations were observed between doses from

external gamma-rays and ischemic heart disease and
cerebrovascular disease incidence and also between internal
doses from alpha-radiation and ischemic heart disease mortality

and cerebrovascular disease incidence” [40].

“Findings are that aortal atherosclerosis prevalence was higher
in males and females underwent external gamma-irradiation of
total dose over 0.5 Gy, in males and females underwent
internal alpha-irradiation from incorporated plutonium of total

absorbed radiation dose in liver over 0.025 Gy” [93].

“There was a significantly increasing trend (ERR/Gy) of
ischemic heart disease mortality with the total absorbed dose to
liver from internal alpharadiation due to incorporated
plutonium” [94].

“The incidence data point to higher risk estimates (in MPA
workers) compared to those from the Japanese A-bomb
survivors” [73].
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“The categorical analyses showed that cerebrovascular disease
incidence was significantly higher among workers with total
absorbed external gammaray doses greater than 0.1 Gy
compared to those exposed to lower doses and that
cerebrovascular disease incidence was also significantly higher
among workers with total absorbed internal alpha-particle doses
to the liver from incorporated plutonium greater than 0.01 Gy

compared to those exposed to lower doses” [86].

The risk estimates by Azizova et al. [93] were found to be
higher than those in other studies [95].
Nonetheless, Azizova and co-workers have been cited in reviews

significantly

in support of questionable statements like “Emerging evidence
indicates that late-onset cardiovascular disease... occur after
protracted low-dose ionizing radiation exposure at doses >0.5
Gy” [96] or “Increasing evidence indicates that low-dose IR -
typically defined as less than 100 mSv - can contribute to the
long-term risk of cancer and cardiovascular disease” [97]. As
mentioned above, among members of the MPA cohort who
received total gamma-ray doses >0.1 Gy, the incidence of
circulatory diseases was found to be greater than in people
exposed to lower doses [54,86]. The dose 0.1 Gy protracted over
years is comparable to that from natural background in some
regions. Cause-effect relationships are improbable at such a low
dose and dose rate. In humans after radiotherapy, myocardial
fibrosis developed at the doses above 30 Gy. An increased risk
of coronary heart disease after radiotherapy was noted after
exposures to 7.6-18.4 Gy [98], which is much higher than mean
doses in the cohorts from Chernobyl and the Urals.

Dose
experimental animals and in humans after radiotherapy have
been higher than average values in Chernobyl and ‘Urals
cohorts [64,80,98-101]. Results of some animal experiments-are
compatible with hormesis, i.e. favorable effect within.a certain

levels associated with cardiac derangements in

low-dose range [100]. There is considerable evidence in favor of
hormesis although not all studies confirm this phenomenon
[102-106]. Finally, the recall bias should be mentioned: cancer
(and possibly some other) patients remember facts related to
radiation more often than healthy controls [107], which may
lead to overestimation of doses and dose-effect correlations. It
should be stressed in conclusion of this section that unrealistic
cardiovascular risks at low-dose exposures call in questions
cancer risks reported by the same and other researchers.

Semipalatinsk Nuclear Test Site (STS)

The STS in today’s Kazakhstan was the place where 456
nuclear explosions were carried out between 1949 and 1989,
including 111 atmospheric tests in the period 1949-1962 [108].
STS was shut down in early 1990s. The villages most affected
by the atmospheric tests were located northeast of STS. Yuri
Dubrova stated that “according to the results of numerous
studies the doses for the families living in the Semipalatinsk
District of Kazakhstan have been estimated as 0.5 Sv and
higher” [109] with reference to the review [110]. However, in
the abstract of the latter review it is written: “The village of
Dolon, in particular, has been identified for many years as the
most highly exposed location in the vicinity of the test site.
Previous publications cited external doses of more than 2 Gy to
residents of Dolon while an expert group assembled by the
WHO in 1997 estimated that external doses were likely to have
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been less than 0.5 Gy” [110]. Earlier publications estimated
maximum external doses for adult residents of Dolon at 1.3 Sv
[111] or 0.63 Gy with a remark that integral exposures at Dolon
may have been factually less than estimated [112]. Other
authors reported lower doses [113]. Apparently, the single
historical measurement was performed at the axis of the
radioactive trace 1.5-1.6 km northwest of Dolon, while the
width of the cloud was narrow [114,115]. The dose estimate
based on this measurement is believed to be a maximum rather
than average for Dolon residents [114], while in other villages
the doses were much lower. The average individual dose
estimates for townships near STS, received in the period
1949-1953, have been estimated as follows: Dolon 1600 mGy,
Abai 370, Kainar 240, Sarzhal 200, and Semipalatinsk city <
5.6 mGy. In the period 1971-1990 annual individual doses in
the area were <5 mGy [116]. In 2008 the annual individual
dose in the STS compound was 0.073-0.749 mSv and outside
STS - 0.036-0.37 mSv [117], which is a negligible addition to the
natural radiation background. The worldwide annual exposures
to the radiation background are generally expected to be in the
range 1-10 mSv but can be higher. There are populated areas in
the world where dose rates from the background are 10-100-fold
higher than the iglobal average (2.4 mSv/year) with no health
risks reliably proven {30].

The tendency to overestimate medical consequences of elevated
background " radiation in the Semipalatinsk area can be
exemplified by the international study [118]. The following was
stated in the abstract: “17 patients (group 1) lived close to the
testing area from the childhood to 1993 and were exposed to
the radiation at the year dose 0.1 ber.” A radiation dose unit
“ber” (Biological Equivalent of Rad), used in the former SU, is
designated internationally as rem. The annual individual dose
of 0.1 rem (1 mSv) is below the global average for annual doses
from natural background, which is 2.4 mSv. The term
“radiogenic carcinoma” was used for cancers of unknown
etiology. Unfounded suppositions about their rapid growth and
“poor prognosis” were made [118]. The study was based on two
sets of tissue specimens from patients with lung carcinoma: the
“exposed” group - 17 cases from the area of Semipalatinsk, and
the control (40 specimens). Cumulative doses were unknown.
The following data are remarkable (from Russian): “The
specific cytogenetical feature of the lung carcinoma in patients
from the area of Semipalatinsk was the neuroendocrine
differentiation of cancer cells in all tumors independently of
their histological structure. We have established it by means of
immunohistochemical and ultrastructural investigations.” At
the same time, “no neuroendocrine differentiation was shown
in the control group.” It means that the marker was found by
two methods in 100 % (17/17) of the cases and in 0 % (0/40)
of controls. The extremely high level of significance (P<0.0001)
agrees with the supposition that the “lung cancer in persons
exposed for a long time to radionuclide radiation pollution”
[118] is a distinct entity, different from spontaneous lung
carcinoma. Significant differences between the two groups were
found also for other markers, which additionally enhanced
statistical significance of the difference. It was concluded that
“lung carcinoma in patients, who resided in the area of
Semipalatinsk and underwent elevated radioactivity, can be
classified as neuroendocrine carcinoma” [118]. In the general
population, tumors from neuroendocrine cells (small cell
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carcinoma and carcinoids) were reported at that time at 20-30
% of lung malignancies [119]. The age and sex data in the
“exposed” group were typical for spontaneous cancer possibly
caused by cigarette smoking or industrial air pollution: 15 from
17 patients were 51-70 years old. Patients with radiation-
induced cancer could be younger. In particular, spontaneous
lung cancer is characterized by male predominance due to
cigarette smoking and professional carcinogens. Radiation
would exert a similar effect on both genders. In the “exposed”
group there were 16 males and one female [120]. The
designation “radiogenic carcinoma” and discussion of its
supposedly rapid growth and poor prognosis [118] contributed
to exaggeration of medical consequences of low-dose exposures
and could lead to overtreatment. Other studies on STS and
Chernobyl by the same authors [121-124] are characterized by
similar limitations. For example, a discussion of molecular
markers of “radiogenic cancer” is led on the basis of 15 random
autopsy and surgical cases of lung cancer from the areas quite
distant from Chernobyl: eight cases were from the Tula
province in Russia [121].

Studies discussed above illustrate the approach persisting until
today. Despite the low average doses, long-since within limits of
the natural background, residents of the Semipalatinsk area are
designated as “exposed to radiation” [125-127]. Admittedly,
some nuclear tests, conducted from 1949 to 1956, resulted in
non-negligible [128]. However, the last
atmospheric test at STS was performed in 1962, and
underground test in 1989 [129]. After the 1963 Partial Test Ban
Treaty, the nuclear testing was restricted to underground so

external doses

that, with a few exceptions, little or no offsite environmental
contamination was caused. The exceptions included cratering

events in the period 1965-1968 [129].

The medical and ecological research about STS is associated
with limitations and confounding factors. Studies are not well
connected with each other. Biological specimens were not
always properly stored and labeled, individual migration and
residence histories being often unknown [113]. In regard to
cancer, the morbidity and mortality in exposed people were
reported to exceed those in control groups [130]. The same
problem has been discussed with regard to radioactive
contaminations in Chernobyl and the Urals. An explanation
for higher detection rates from various diseases in the exposed
populations is the better coverage by medical examinations
(including post mortems) and increased attention of exposed
individuals to their own health: the selection and self-selection
bias. Besides, people knew about the Kazakhstani law “Social
protection of citizens who suffered as a result of nuclear tests
conducted at the STS” [127]. Some patients from non-
contaminated areas have been falsely registered as radiation-
exposed. The circumstantial evidence thereof is a marked
increase in the incidence of diseases, prima facie unrelated to
radiation, in contaminated compared to “clean” territories. For
example, the incidence of tuberculosis in children in the
Semipalatinsk province was 1.5 times higher than in the whole
Kazakhstan with a threefold higher frequency of severe and
complicated cases [131]. Remarkably, the incidence of neoplasia
in children of exposed parents was found to be nearly fourfold
higher than among controls: 92.6 vs. 24.7 per 1000 children
[132].
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Several publications discussed the elevated morbidity and
mortality from cardio- and cerebro-vascular diseases in people
residing near STS [133)]. Admittedly, no direct conclusions on
cause-effect relationships have been made in recent papers
[125-127]. When account was taken of the difference in
baseline rates between the exposed and unexposed groups, no
statistically significant dose-response relationship was observed
either for cardiovascular diseases or for stroke [133,134]. This is
in agreement with the fact that doseresponse associations
among A-bomb survivors in Japan became significant at
exposures >2 Gy for cerebrovascular and >0.5 Gy for heart
disease [96,135,136].

DISCUSSION

There are confounding factors preventing reasonable
interpretation of medical statistics from some countries of the
former SU. Like in Russia, cardiovascular mortality in
Kazakhstan is higher compared to West Europe [137]. The
causes thereof are known by anatomic pathologists. Since the
Soviet time, the autopsy remained obligatory for patients dying
in hospitals but the quality deteriorated. Post mortem
examinations wefe often made perfunctorily. The quality
decrease in anatomic pathology during the 1990s coincided
with the elevation of the registered cardiovascular mortality. If a
cause of death is not entirely clear, it has been usual to write on
a death certificate: “Ischemic heart disease with cardiac
insufficieney” or a similar formulation. It is known that ill-
defined cardiovascular codes from the International Statistical
Classification of Diseases (ICD) are used in cases with
insufficient clinical information. The frequent cause of
cardiovascular death in some countries of the former SU has
been “coronary atherosclerosis”. The nonstandard disease
classifications used in Russia complicated the evaluation of
medical statistics [138]. The tendency that radiation-exposed
people are on average more thoroughly examined is known.
Finally, manipulation with statistics following official or
unofficial directives has been known to occur in the former SU

[139]. Human factors have remained largely unchanged.

A tendency to over-diagnose cardiovascular diseases is generally
known also for people dying at home and not undergoing post
mortem examination. It can be confirmed by the following:
“Increases and decreases in mortality related to cardiovascular
diseases ... but not to myocardial infarction, the proportion of
which in Russian cardiovascular mortality is extremely low”
[140]. The diagnosis of myocardial infarction is usually based
on clinical or morphological criteria, while the diagnoses of
ischemic heart disease and coronary atherosclerosis are often
used post mortem without strong evidence. Furthermore,
contrary to myocardial infarction, gross features of ischemic
brain infarction were sometimes mimicked destroying brain
tissue using autopsy knife by a pathologist or postgraduate
student not inclined or unable (for a lack of toxicological tests)
to search for the true cause of death even at university
mortuaries let alone peripheral institutions. The post-mortem
diagnosis of stroke has been overused for poisonings, especially
with alcohol surrogates [141]. Along with inadequate treatment
of arterial hypertension, this was probably the cause of higher
reported stroke mortality in Russia compared to other

developed countries [142,143].
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Dose levels associated with cancer or cardiovascular diseases in
animal experiments and in humans after radiotherapy have
been higher than averages in the cohorts from contaminated
areas of the former SU. Results of experiments are generally not
supportive of detrimental effects of low doses, with possible
exception of genetically modified cancer-prone animals.
According to the latest review, low- to moderate-doses are
defined as 2-20 Gy [64], which is much higher than averages in
the cohorts discussed in this review. Other experts opine that
the doserisk relationship below 0.5 Gy for cardiovascular
disease is inconclusive [144]. While there are ongoing
discussions about the definition of low-dose radiation, it is
typically considered as doses under 0.5 Gy, while potential
pathogenetic mechanisms at low-dose radiation exposures are

not well understood [66].

In humans after radiotherapy, myocardial fibrosis developed
after exposures 230 Gy. An increased risk of coronary disease
has been reported after radiotherapy with doses 7.6-18.4 Gy
[98], which is still much higher than averages in the exposed
cohorts discussed above. In certain experimental and
epidemiological studies, low doses turned out to be protective
against cardiovascular diseases and other adverse effects. As
mentioned above, the evidence in favor of hormesis is
considerable [102-106]. Unrealistic cardiovascular risks at low-
dose exposures call in question cancer risks reported by the
same and other researchers. A major part of the literature
about STS is characterized by large volume, abundant details
and mathematical computations, but no clear insight into
medical consequences of contamination. Papers on dosimetry
or retrospective dose estimation contain discourses e.g. about
diets of different ethnic communities, living in or relocated:to
the Semipalatinsk area; but provide no clear information on
radiation doses, morbidity and mortality. Along with other
ethnic groups, more than 440,000 Germans were deported to
Kazakhstan during during and after the World War Il [145],

including the subsequently contaminated <areas near STS

[133,146].

Several publications are discussed here because of inadequate
use of the term “longterm low-dose exposure to ionizing
radiation”, which was, in fact, a slight elevation of the radiation
background. It is difficult to determine with certainty the level
of exposure, below which there is no appreciable risk for
humans; it appears to be 200 mSv or more; this latter figure is
mentioned in the reviews [147,148]. For solid cancers and
leukemia, a significant dose-response relationship was found in
survivors of atomic explosions who had received doses less than
500 mSv but not for the doses below 200 mSv [33,90,149].
According to the UNSCEAR, statistically significant elevations
of cancer risk are observed in epidemiological research at the
doses 100-200 mGy and above [30]. As discussed in this review
(2,8,47], studies
overestimated biological effects of low doses. The practical
thresholds are probably higher in view of bias in the
epidemiological [76,150]. Thresholds for

cardiovascular damage are higher than those for cancer.

and elsewhere some epidemiological

research

Unrealistic cardiovascular risks at low-dose exposures call in
question cancer risks reported by the same and other
researchers.
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In small animals, minimal doses associated with carcinogenesis
are in the range of thousands or hundreds of mGy
[33,151-153]. Studies of human populations exposed to low-
dose low-rate ionizing radiation, though important, will hardly
add reliable information on dose-effect relationships. Screening
effect, selection,
contribute to appearance of new reports on elevated risks

self-selection and ideological bias will
associated with a slight increase of the radiation background,
which would not prove causality. Finally, manipulations with
statistics have been not unusual in the former SU [139], which
should be taken into account by authors of systematic reviews
and meta-analyses.

CONCLUSION

High-dose exposure to ionizing radiation causes cardiovascular
damage. Radiation-induced heart disease is known to occur
after radiotherapy. It is uncertain whether low-dose chronic
exposure causes measurable cardiovascular risk. Hormesis
international radiation protection
organizations do not consider it proven. Evidence suggests that

remains controversial;
increased risk may exist at moderate doses. The magnitude of
risk at low doses remains debated; further research is needed.
Reliable data can be obtained in large-scale animal experiments
with registrationrof the life duration. With regard to the clinical
practice, patients should not develop fear of diagnostic
imaging. Medical radiation exposure must follow the principles
of justification, optimization and ALARA (As Low As
Reasonably Achievable). The latter is important because
radiation effects can accumulate, while exposures may occur
unpredictably. Patients receiving high-dose radiotherapy require
cardiovascular risk assessment and longterm follow-up.

The worldwide use of nuclear energy must be managed by a
powerful international executive based in the most developed
parts of the world. It would permit construction of nuclear
power plants in optimally suitable places, notwithstanding
national borders, considering all socio-political, geophysical and
other conditions. In this way, nuclear accident like the
Fukushima Daiichi, caused by the earthquake and tsunami, or
in Chernobyl, favored by negligence and disregard for written
[154,155], would be avoided. Considering
vulnerability of large NPPs, attention should be directed to
smaller reactors, which have some economic advantages. Small
reactors can be used by the military [156].

instructions

Current radiation follows the reasonable
precautionary principle. The adequate approach is to
determine the threshold dose for the carcinogenic effect and
establish regulations to ensure that doses are kept well below
the threshold, as low as reasonably achievable taking into
account economical, societal and military considerations [157].
Strictly observed realistic safety regulations would bring more
benefit for the public health than excessive restrictions that
would be violated in some countries disregarding international
law, bringing economic and strategic advantages to the

trespassers.

protection

CONFLICTS OF INTEREST

The author declares that there are no conflicts of interest
regarding the publication of this case report. No financial or

Journal of Cardiology and Heart Failure

J. Cardiol. Heart Fail, Vol.2 Iss.2, August (2026), pp:94-106



Jargin SV

personal relationships influenced the work reported in this

manuscript.
REFERENCES
1. Jargin SV. Overestimation of Chernobyl consequences: poorly

10.

11.

12.

13.

14.

15.

16.

substantiated information published. Radiation and Environmental

Biophysics. 2010;49(4):743-5.

. Jargin S. The consequences of the 1986 Chernobyl nuclear disaster

are still felt today. ] Cancer Sci. 2025;10(1):1.

. Kogan EA, Cherniaev AL, Chuchalin AG, Samsonova MYV,

Demura SA, Sekamova SM, et al. Morphologic and molecular-
genetic characterization of lung cancer developing in people who have
worked at nuclear facilities and who have lived in Russian territories
polluted after the accident at the Chernobyl power plant. Arkhiv
Patologii. 1999;61(1):22-6.

. Lysenko Al, Kirpatovskii 1D, Pisarenko SS. Morphological changes

in male sexual glands in Kaluga regions contaminated with

radionuclides. Arkhiv Patologii. 2000;62(4):27-31.

. Degtiarova LV. A possibility of gastric cancer and maltlymphomas

appearance in persons affected because of Chernobyl accident.
InXXIII International Congress of the International Academy of

Pathology and 14th World Congress of Academic and
Environmental Pathology 2000. (pp. 15-20).
. Derizhanova IS. The pulmonary-renal syndrome among

Chernobyl nuclear accident liquidators. InXXIII International
Congress of the International Academy of Pathology and 14th
World Congress of Academic and Environmental Pathology 2000
(pp. 15-20).

. Grobova OM, Chernikov VP. The presence of cesium-137 in the

tissue of a lung tumor in someone who cleaned up the aftermath of
the accident at the Chernobyl Atomic Electric Power Station.
Terapevticheskii Arkhiv. 1996;68(3):26-30.

. Jargin SV. Strangulation of Nuclear Power: Cui Prodest’. ] Cardiol

Cardiovascular Res. 2025;7:141.

. Yablokov AV, Nesterenko VB, Nesterenko AV, Sherman-Nevinger

JD, editors. Chernobyl: Consequences of the Catastrophe for People
and the Environment. John Wiley & Sons; 2010.

Jaworowski Z. Observations on the Chernobyl: Disaster and LNT.
Dose-Response. 2010;8(2):dose-response.

Jaworowski Z. Chernobyl victims: realistic evaluation of medical
consequences of the Chernobyl accident. Med Radiol Radiat
Safety. 1999;44:19-30.

Romanenko AM, Kinoshita A, Wanibuchi H, Wei M, Zaparin
WK, Vinnichenko WI, Vozianov AF, Fukushima S. Involvement of
ubiquitination and sumoylation in bladder lesions induced by
persistent longterm low dose ionizing radiation in humans. The
Journal of urology. 2006;175(2):739-43.

Romanenko AM, Morimura K, Kinoshita A, Wanibuchi H,
Takahashi S, Zaparin WK, Vinnichenko WI, Vozianov AF,
Fukushima S. Upregulation of fibroblast growth factor receptor 3 and
epidermal growth factor receptors, in association with Raf-1, in
urothelial dysplasia and carcinoma in situ after the Chernobyl
accident. Cancer science. 2006;97(11):1168-74.

Mould RF. Chernobyl record: the definitive history of the Chernobyl
catastrophe. CRC Press; 2000.

Taeger D, Fritsch A, Wiethege T, Johnen G, Eisenmenger A,
Wesch H, Ko Y, Stier S, Michael Muller K, Bruning T, Pesch B.
Role of exposure to radon and silicosis on the cell type of lung
carcinoma in German uranium miners. Cancer. 2006;106(4):881-9.
Villeneuve PJ, Lane RS, Morrison HI. Coronary heart disease
mortality and radon exposure in the Newfoundland fluorspar miners’

cohort, 1950-2001. Radiation and environmental biophysics.
2007;46(3):291-6.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.
33.

34.

35.

36.

31.

38.

39.

OPEN 8 ACCESS Freely available online

Wesch H, Eisenmenger A, Miiller KM, Wiethege T. Radiologische
Erfassung, Untersuchung und Bewertung bergbaulicher Altlasten—
Gesundheitliche ~ Bewertung—Teilprojekt ~ Pathologie.  Bonn,
Germany: Bundesministerium far Umwelt serial online. 2005.
Kreuzer M, Kreisheimer M, Kandel M, Schnelzer M, Tschense A,
Grosche B. Mortality from cardiovascular diseases in the German
uranium miners cohort study, 1946-1998. Radiation and
environmental biophysics. 2006;45(3):159-66.

Korblein A. Perinatal mortality after Chernobyl in former Soviet
countries. PLoS One. 2025;20(7):e0326807.

Korblein A, Kiichenhoff H. Perinatal mortality in Germany
following the Chernobyl accident. Radiation and environmental
biophysics. 1997;36(1):3-7.

Korblein A. Strontium fallout from Chernobyl and perinatal
mortality in Ukraine and Belarus. Radiatsionnaia Biologiia,
Radioecologiia. 2003;43(2):197-202.

Korblein A, Perinatal mortality after Chornobyl in contaminated

regions of Ukraine. Plos one. 2024;19(5):e0303427.

Korblein A. Statistical modeling of trends in infant mortality after

atmospheric nuclear Plos
2023;18(5):e0284482.
Jargin SV. Strangulation of Nuclear Power: Cui Prodest!. ] Cardiol

Cardiovascular Res. 2025;7:141.
Hoirisch-Clapauch S, Brenner B, Nardi AE. Adverse obstetric and

weapons testing. one.

neonatal outcomes in women with mental disorders. Thrombosis
Research. 2015;135:560-3.

Perucchi M, Domenighetti G. The Chernobyl accident and induced
abortions: only one-way information. Scandinavian journal of work,
environment & health. 1990;16(6):443-4.

Bertollini R, Di Lallo D, Mastroiacovo P, Perucci CA. Reduction of
births in Italy after the Chernobyl accident. Scandinavian Journal of

Work, Environment & Health. 1990:96-101.

Knudsen LB. Legally-induced abortions in Denmark after Chernobyl.
Biomedicine & pharmacotherapy. 1991;45(6):229-31.

Valentin J. The 2007 recommendations of the international
commission  on ICRP  publication.
2008;103:2-4.

United Nations Scientific Committee on the Effects of Atomic
Radiation. Summary of low-dose radiation effects on health. New

York: United Nations. 2010.

Korblein A. Perinatal mortality after the Fukushima nuclear accident:
An ecological study. Plos one. 2022;17(2):e0264491.

Kumar R, De Jesus O. Radiation effects on the fetus.

radiological  protection.

United Nations Scientific Committee on the Effects of Atomic
Radiation. Sources and effects of ionizing radiation, ANNEX B,
UNSCEAR 2000

Exposures from natural radiation
REPORT, New York. 2000;1:97-9.
Little MP. Evidence for dose and dose rate effects in human and
animal radiation studies. Annals of the ICRP. 2018;47(3-4):97-112.
Mitchel RE. The dose window for radiation-induced protective
adaptive responses. Dose-Response. 2010;8(2):dose-response.

sources.

Little MP. Radiation and circulatory disease. Mutation Research/
Reviews in Mutation Research. 2016;770:299-318.

Azizova TV, Grigoryeva ES, Haylock RG, Pikulina MV, Moseeva
MB. Ischaemic heart disease incidence and mortality in an extended
cohort of Mayak workers first employed in 1948-1982. The British
journal of radiology. 2015;88(1054):20150169.

Ivanov VK, Maksioutov MA, Chekin SY, Petrov AV, Biryukov AP,
Kruglova ZG, et al. The risk of radiation-induced cerebrovascular
disease in  Chernobyl Health  Physics.
2006;90(3):199-207.

Kashcheev VV, Chekin SY, Maksioutov MA, Tumanov KA,
Menyaylo AN, Kochergina EV, et al. Radiation-epidemiological
study of cerebrovascular diseases in the cohort of Russian recovery

emergency workers.

Journal of Cardiology and Heart Failure

J. Cardiol. Heart Fail, Vol.2 Iss.2, August (2026), pp:94-106


https://link.springer.com/article/10.1007/s00411-010-0313-1
https://link.springer.com/article/10.1007/s00411-010-0313-1
https://www.researchgate.net/profile/Sergei-Jargin/publication/389166745_The_consequences_of_the_1986_Chernobyl_nuclear_disaster_are_still_felt_today/links/6891d14b7b62e240dd333093/The-Consequences-of-the-1986-Chernobyl-Nuclear-Disaster-are-Still-Felt-Today.pdf
https://www.researchgate.net/profile/Sergei-Jargin/publication/389166745_The_consequences_of_the_1986_Chernobyl_nuclear_disaster_are_still_felt_today/links/6891d14b7b62e240dd333093/The-Consequences-of-the-1986-Chernobyl-Nuclear-Disaster-are-Still-Felt-Today.pdf
https://europepmc.org/article/med/10198700
https://europepmc.org/article/med/10198700
https://europepmc.org/article/med/10198700
https://europepmc.org/article/med/10198700
https://europepmc.org/article/med/10971870
https://europepmc.org/article/med/10971870
https://europepmc.org/article/med/10971870
https://europepmc.org/article/med/8744098
https://europepmc.org/article/med/8744098
https://europepmc.org/article/med/8744098
https://books.google.co.in/books?hl=en&lr=&id=g34tNlYOB3AC&oi=fnd&pg=PR7&dq=Yablokov+AV,+Nesterenko+VB,+Nesterenko+AB.+Chernobyl.+Consequences+of+the+catastrophe+for+people+and+the+environment.+Ann+N+Y+Acad+Sci.+2009%3B+vol.+1181&ots=O5dXfSUZf9&sig=YOlZKTzkdD9h4M05UlEiPsOxx2c&redir_esc=y
https://books.google.co.in/books?hl=en&lr=&id=g34tNlYOB3AC&oi=fnd&pg=PR7&dq=Yablokov+AV,+Nesterenko+VB,+Nesterenko+AB.+Chernobyl.+Consequences+of+the+catastrophe+for+people+and+the+environment.+Ann+N+Y+Acad+Sci.+2009%3B+vol.+1181&ots=O5dXfSUZf9&sig=YOlZKTzkdD9h4M05UlEiPsOxx2c&redir_esc=y
https://journals.sagepub.com/doi/abs/10.2203/dose-response.09-029.Jaworowski
https://www.auajournals.org/doi/abs/10.1016/S0022-5347(05)00172-2
https://www.auajournals.org/doi/abs/10.1016/S0022-5347(05)00172-2
https://www.auajournals.org/doi/abs/10.1016/S0022-5347(05)00172-2
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1349-7006.2006.00309.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1349-7006.2006.00309.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1349-7006.2006.00309.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1349-7006.2006.00309.x
https://archive.org/details/chernobylrecordd0000moul
https://archive.org/details/chernobylrecordd0000moul
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/cncr.21677
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/cncr.21677
https://link.springer.com/article/10.1007/s00411-007-0108-1
https://link.springer.com/article/10.1007/s00411-007-0108-1
https://link.springer.com/article/10.1007/s00411-007-0108-1
https://www.bundesumweltministerium.de/fileadmin/Daten_BMU/Download_PDF/Strahlenschutz/schriftenreihe_2005_652_altlasten.pdf
https://www.bundesumweltministerium.de/fileadmin/Daten_BMU/Download_PDF/Strahlenschutz/schriftenreihe_2005_652_altlasten.pdf
https://www.bundesumweltministerium.de/fileadmin/Daten_BMU/Download_PDF/Strahlenschutz/schriftenreihe_2005_652_altlasten.pdf
https://link.springer.com/article/10.1007/s00411-006-0056-1
https://link.springer.com/article/10.1007/s00411-006-0056-1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0326807
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0326807
https://link.springer.com/article/10.1007/s004110050048
https://link.springer.com/article/10.1007/s004110050048
https://europepmc.org/article/med/12754809
https://europepmc.org/article/med/12754809
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0303427
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0303427
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0284482
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0284482
https://www.sciencedirect.com/science/article/pii/S0049384815504465?__cf_chl_rt_tk=O22tDOi_bYMVbCc2s.sB8irT6W3Uct1IQb0eIWc1TRE-1784795669-1.0.1.1-Hb66URpR1cPZ.KpvfNeCGVCPzitOupy5b0NhiDDTSXc
https://www.sciencedirect.com/science/article/pii/S0049384815504465?__cf_chl_rt_tk=O22tDOi_bYMVbCc2s.sB8irT6W3Uct1IQb0eIWc1TRE-1784795669-1.0.1.1-Hb66URpR1cPZ.KpvfNeCGVCPzitOupy5b0NhiDDTSXc
https://www.sjweh.fi/download.php?abstract_id=1761&file_nro=1
https://www.sjweh.fi/download.php?abstract_id=1761&file_nro=1
https://www.jstor.org/stable/40965768
https://www.jstor.org/stable/40965768
https://www.sciencedirect.com/science/article/pii/075333229190022L?__cf_chl_rt_tk=oZmLmcgtqvexs9q7UwSeY9JDP41yN.1YZq8s3QvWYhE-1784796234-1.0.1.1-emWFdEbLm142EJokAUwXf06URvTHqBYB32cEwsH2aQ4
https://www.researchgate.net/profile/Hanno-Krieger/post/Why-is-1mSv-the-annual-dose-limit-for-the-general-public/attachment/59d62c7bc49f478072e9e04a/AS%3A273546683584517%401442230019192/download/ICRP+103+complete+ML12338A682.pdf
https://www.researchgate.net/profile/Hanno-Krieger/post/Why-is-1mSv-the-annual-dose-limit-for-the-general-public/attachment/59d62c7bc49f478072e9e04a/AS%3A273546683584517%401442230019192/download/ICRP+103+complete+ML12338A682.pdf
https://world-nuclear.org/images/articles/Low-Dose-Radiation-Report-Final-23-Feb_2.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0264491
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0264491
https://europepmc.org/article/nbk/nbk564358
https://cir.nii.ac.jp/crid/1570291226066285824
https://cir.nii.ac.jp/crid/1570291226066285824
https://journals.sagepub.com/doi/abs/10.1177/0146645318756235
https://journals.sagepub.com/doi/abs/10.1177/0146645318756235
https://journals.sagepub.com/doi/full/10.2203/dose-response.09-039.Mitchel
https://journals.sagepub.com/doi/full/10.2203/dose-response.09-039.Mitchel
https://www.sciencedirect.com/science/article/pii/S1383574216300783?__cf_chl_rt_tk=KAQ1hvozxvbdbCOa1vhgVKOvqKKxKq1kAzPUcLsiQ5g-1784797399-1.0.1.1-h_8Y065XYHUU5azTMKVwjSPzmEyZcE_PY9gCvhdEy88
https://academic.oup.com/bjr/article-abstract/88/1054/20150169/7445477
https://academic.oup.com/bjr/article-abstract/88/1054/20150169/7445477
https://journals.lww.com/health-physics/fulltext/2006/03000/THE_RISK_OF_RADIATION_INDUCED_CEREBROVASCULAR.00001.aspx
https://journals.lww.com/health-physics/fulltext/2006/03000/THE_RISK_OF_RADIATION_INDUCED_CEREBROVASCULAR.00001.aspx
https://www.ovid.com/jnls/health-physics/abstract/10.1097/hp.0000000000000523~radiation-epidemiological-study-of-cerebrovascular-diseases?redirectionsource=fulltextview
https://www.ovid.com/jnls/health-physics/abstract/10.1097/hp.0000000000000523~radiation-epidemiological-study-of-cerebrovascular-diseases?redirectionsource=fulltextview

Jargin SV

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

operation workers of the Chernobyl accident. Health physics.
2016;111(2):192-7.

Moseeva MB, Azizova TV, Grigoryeva ES, Haylock R. Risks of
circulatory diseases among Mayak PA workers with radiation doses
estimated using the improved Mayak Worker Dosimetry System 2008.
Radiation and environmental biophysics. 2014;53(2):469-77.

Balonov MI. The Chernobyl Forum: major findings and
recommendations.  Journal of environmental radioactivity.
2007;96(1-3):6-12.

Higley KA. Environmental consequences of the chernobyl accident

and their remediation: twenty years of experience. Report of the
chernobyl forum expert group ‘environment’ STI/PUB/1239, 2006,
Vienna, Austria ISBN:
(softbound). Radiation

International Atomic Energy Agency,
92-0-114705-8, 166 pp, 40.00 Euros
Protection Dosimetry. 2006;121(4):476-7.
Kinly IIT D, World Health Organization, United Nations Scientific
Committee on the Effects of Atomic Radiation. Chernobyl's legacy:
Health,
recommendations to the Governments of Belarus, the Russian
Federation and Ukraine. The Chernobyl Forum 2003-2005. Second
revised version. International Atomic Energy Agency, Vienna
(Austria); 2006.

Bennett B, Repacholi M, Carr Z. Health effects of the Chernobyl
accident and special health care programmes. InReport of the UN
Chernobyl Forum Expert Group “Health”. Geneva: World Health
Organization. 2006.

Zablotska LB, Ron E, Rozhko AV, Hatch M, Polyanskaya ON,

Brenner AV, et al. Thyroid cancer risk in Belarus among children and

environmental —and  socio-economic  impacts  and

adolescents exposed to radioiodine after the Chornobyl accident.
British journal of cancer. 2011;104(1):181-7.

Ivanov VK, Tsyb AF, Khait SE, Kashcheev VV, Chekin SY,
Maksioutov MA, et al. Leukemia incidence in the Russian cohort of

Chernobyl emergency workers. Radiation and environmental

biophysics. 2012;51(2):143-9.
Jargin SV. Chernobylrelated cancer and precancerous lesions:
diagnostics. ~ Dose-response.

incidence increase vs. late

2014;12(3):dose-response.

Akleyev AV, Kossenko MM, Krestinina Llur SS, ‘Degteva MO,
Startsev  NV. Health exposed  to
environmental contamination in the Southern Urals. Moscow:
Radekon. 2001.

Akleev AV, Preston D. Medical and biological consequences of
Meditsina  Truda i

status  of population

human's chronic exposure to radiation.
Promyshlennaia Ekologiia. 2004:(3):30-6.
Buldakov LA, Demin SN, Kosenko MM, Kostiuchenko VA,
Koshurnikova NA, Saurov MM, et al. The medical sequelae of the
radiation accident in the Southern Urals in 1957. Meditsinskaia
Radiologiia. 1990;35(12):11-5.

Akleev AV, Llu K. Carcinogenic risk in residents of the Techa
riverside villages. Vestnik Rossiiskoi Akademii Meditsinskikh Nauk.
2010;(6):34-9.

Krestinina LY, Davis FG, Schonfeld S, Preston DL, Degteva M,
Epifanova S, Akleyev AV. Leukaemia incidence in the Techa River

cohort: 1953-2007. British journal of cancer. 2013;109(11):
2886-93.
Ostroumova E, Preston DL, Ron E, Krestinina L, Davis FG,

Kossenko M, Akleyev A. Breast cancer incidence following low-dose
rate environmental exposure: Techa River Cohort, 1956-2004 .
British journal of cancer. 2008;99(11):1940-5.

Simonetto C, Schollnberger H, Azizova TV, Grigoryeva ES,
Pikulina MV, Eidemiiller M. Cerebrovascular diseases in workers at
Mayak PA: the difference in radiation risk between incidence and
mortality. PloS one. 2015;10(5):e0125904.

Zablotska LB, Bazyka D, Lubin JH, Gudzenko N, Little MP, Hatch
M, Finch S, Dyagil I, Reiss RF, Chumak VV, Bouville A. Radiation

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

60.

61.

68.

69.

70.

OPEN 8 ACCESS Freely available online

and the risk of chronic lymphocytic and other leukemias among
Chornobyl cleanup workers. Environmental health perspectives.
2012;121(1):59.

McGeoghegan D, Binks K, Gillies M, Jones S, Whaley S. The non-
cancer mortality experience of male workers at British Nuclear Fuels
plc, 1946-2005. International journal of epidemiology. 2008;37(3):
506-18.

Kostyuchenko VA, Krestinina LY. Longterm irradiation effects in
the population evacuated from the East-Urals radioactive trace area.
Science of the total environment. 1994;142(1-2):119-25.

Akleyev AV, Krestinina LY, Degteva MO, Tolstykh EL
Consequences of the radiation accident at the Mayak production
association in 1957 (the’Kyshtym Accident’). Journal of Radiological
Protection. 2017;37(3):R19-42.

Kashcheev VV, Chekin SY, Maksioutov MA, Tumanov KA,
Kochergina EV, Kashcheeva PV, et al. Incidence and mortality of
solid cancer among emergency workers of the Chernobyl accident:
assessment of radiation risks for the follow-up period of 1992-2009.
Radiation and environmental biophysics. 2015;54(1):13-23.
Azizova TV, Grigoryeva ES, Hamada N. Dose rate effect on
mortality from ischemic heart disease in the cohort of Russian Mayak
Production Association workers. Scientific reports. 2023 F;13(1):
1926.

Koterov AN, Ushenkova LN, Wainson AA, Dibirgadzhiev IG,
Biryukov AP. Excess relative risk of mortality from diseases of the
circulation system after irradiation: report 1. overview of reviews and
meta-analysis  declared effects of low doses. Biology Bulletin.
2023;50(12):3155-83.

Jargin SV. On RET/PTC rearrangements in thyroid carcinoma after
the Chernobyl accident. Medical radiology and radiation safety.
2017;62(2):47-52.

Koterov AN, Wainson AA. Radiation hormesis and epidemiology of
carcinogenesis:“Never the twain shall meet”. Medits. Radiologiya
Radiat. Bezopasnost (“Medical Radiology and Radiation Safety.
2021;66(2):36-52.

Zukowski HM, Clancy CE. Cellular mechanisms of radiation-
induced myocyte dysfunction: effects on calcium handling, ion
channel regulation and mitochondrial energetics. The Journal of
Physiology. 2026.

CruzTopete D, Nelson G, Yadav M, Saha ], Kubik AJ, Weeks JM,
Zawaski JA. Cardiovascular and central nervous system risk in
astronauts: the minipig as a physiologically relevant radiation model.
npj Microgravity. 2026.

Peters CE, Quinn EK, RodriguezVillamizar LA, MacDonald H,
Villeneuve PJ. Exposure to low-dose radiation in occupational settings
and ischaemic heart disease: a systematic review and meta-analysis.
Occupational and environmental medicine. 2023;80(12):706-14.
Zablotska LB, Little MP, Hamada N. Revisiting an inverse dose-
fractionation effect of ionizing radiation exposure for ischemic heart

disease: Insights from recent studies. Radiation research.
2024;202(1):80-6.

Sacks B, Meyerson G, Siegel JA. Epidemiology without biology: false
paradigms, unfounded assumptions, and specious statistics in

radiation science (with commentaries by Inge Schmitz-Feuerhake and
Christopher Busby and a reply by the authors). Biological theory.
2016;11(2):69-101.

Azizova TV, Bannikova MV, Grigorieva ES, Bagaeva YP, Azizova
EV. Risk of lower extremity arterial disease in a cohort of workers
occupationally exposed to ionizing radiation over a prolonged period.
Radiation and environmental biophysics. 2016;55(2):147-59.
Krestinina LY, Silkin SS, Degteva MO, Akleyev AV. Risk analysis of
the mortality from the diseases of the circulatory system in the Ural
cohort of emergency-irradiated population for the years 1950-2015.
Radiatsionnaya gigiyena= Radiation Hygiene. 2019;12(1):52-61.

Journal of Cardiology and Heart Failure

J. Cardiol. Heart Fail, Vol.2 Iss.2, August (2026), pp:94-106

10


https://www.ovid.com/jnls/health-physics/abstract/10.1097/hp.0000000000000523~radiation-epidemiological-study-of-cerebrovascular-diseases?redirectionsource=fulltextview
https://link.springer.com/article/10.1007/s00411-014-0517-x
https://link.springer.com/article/10.1007/s00411-014-0517-x
https://link.springer.com/article/10.1007/s00411-014-0517-x
https://www.sciencedirect.com/science/article/pii/S0265931X07000641?__cf_chl_rt_tk=VxDnpwQy_NtgTIAZu_UnMMeEMfZawD290rLM8YfQeis-1784797863-1.0.1.1-eXviQcjOs_F2h4Zylo0D64.LdZtEpZk.I6VCR3XxxI4
https://www.sciencedirect.com/science/article/pii/S0265931X07000641?__cf_chl_rt_tk=VxDnpwQy_NtgTIAZu_UnMMeEMfZawD290rLM8YfQeis-1784797863-1.0.1.1-eXviQcjOs_F2h4Zylo0D64.LdZtEpZk.I6VCR3XxxI4
https://academic.oup.com/rpd/article-abstract/121/4/476/1616456
https://academic.oup.com/rpd/article-abstract/121/4/476/1616456
https://academic.oup.com/rpd/article-abstract/121/4/476/1616456
https://academic.oup.com/rpd/article-abstract/121/4/476/1616456
https://academic.oup.com/rpd/article-abstract/121/4/476/1616456
https://inis.iaea.org/records/2sdwz-tg464
https://inis.iaea.org/records/2sdwz-tg464
https://inis.iaea.org/records/2sdwz-tg464
https://inis.iaea.org/records/2sdwz-tg464
https://inis.iaea.org/records/2sdwz-tg464
https://www.cabidigitallibrary.org/doi/full/10.5555/20083189435
https://www.cabidigitallibrary.org/doi/full/10.5555/20083189435
https://www.cabidigitallibrary.org/doi/full/10.5555/20083189435
https://www.cabidigitallibrary.org/doi/full/10.5555/20083189435
https://www.nature.com/articles/6605967
https://www.nature.com/articles/6605967
https://link.springer.com/article/10.1007/s00411-011-0400-y
https://link.springer.com/article/10.1007/s00411-011-0400-y
https://journals.sagepub.com/doi/abs/10.2203/dose-response.13-039.jargin
https://journals.sagepub.com/doi/abs/10.2203/dose-response.13-039.jargin
https://europepmc.org/article/med/15124393
https://europepmc.org/article/med/15124393
https://europepmc.org/article/med/2266822
https://europepmc.org/article/med/2266822
https://europepmc.org/article/med/20698304
https://europepmc.org/article/med/20698304
https://www.nature.com/articles/bjc2013614
https://www.nature.com/articles/bjc2013614
https://www.nature.com/articles/6604775
https://www.nature.com/articles/6604775
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0125904
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0125904
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0125904
https://pmc.ncbi.nlm.nih.gov/articles/PMC3553431/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3553431/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3553431/
https://academic.oup.com/ije/article-abstract/37/3/506/743980
https://academic.oup.com/ije/article-abstract/37/3/506/743980
https://academic.oup.com/ije/article-abstract/37/3/506/743980
https://www.sciencedirect.com/science/article/pii/0048969794900809?__cf_chl_rt_tk=RpGxIKYlLn.VTTz90BdEjg_8.wHEDQpunHGfcXrcuII-1784803992-1.0.1.1-DhmgO8xUnfxyOfJm3NrNUqCaXBXjSbLoVY0is1qLzjk
https://www.sciencedirect.com/science/article/pii/0048969794900809?__cf_chl_rt_tk=RpGxIKYlLn.VTTz90BdEjg_8.wHEDQpunHGfcXrcuII-1784803992-1.0.1.1-DhmgO8xUnfxyOfJm3NrNUqCaXBXjSbLoVY0is1qLzjk
https://iopscience.iop.org/article/10.1088/1361-6498/aa7f8d/meta
https://iopscience.iop.org/article/10.1088/1361-6498/aa7f8d/meta
https://link.springer.com/article/10.1007/s00411-014-0572-3
https://link.springer.com/article/10.1007/s00411-014-0572-3
https://link.springer.com/article/10.1007/s00411-014-0572-3
https://www.nature.com/articles/s41598-023-28954-w
https://www.nature.com/articles/s41598-023-28954-w
https://www.nature.com/articles/s41598-023-28954-w
https://link.springer.com/article/10.1134/S1062359023120142
https://link.springer.com/article/10.1134/S1062359023120142
https://link.springer.com/article/10.1134/S1062359023120142
https://academuspub.ru/en/nauka/article/16203/view
https://academuspub.ru/en/nauka/article/16203/view
https://naukaru06.ru/en/nauka/article/44613/view
https://naukaru06.ru/en/nauka/article/44613/view
https://physoc.onlinelibrary.wiley.com/doi/abs/10.1113/JP289495
https://physoc.onlinelibrary.wiley.com/doi/abs/10.1113/JP289495
https://physoc.onlinelibrary.wiley.com/doi/abs/10.1113/JP289495
https://www.nature.com/articles/s41526-026-00635-8
https://www.nature.com/articles/s41526-026-00635-8
https://oem.bmj.com/content/80/12/706.abstract
https://oem.bmj.com/content/80/12/706.abstract
https://radiation-research.kglmeridian.com/view/journals/rare/202/1/article-p80.xml
https://radiation-research.kglmeridian.com/view/journals/rare/202/1/article-p80.xml
https://radiation-research.kglmeridian.com/view/journals/rare/202/1/article-p80.xml
https://link.springer.com/article/10.1007/s13752-016-0244-4
https://link.springer.com/article/10.1007/s13752-016-0244-4
https://link.springer.com/article/10.1007/s13752-016-0244-4
https://link.springer.com/article/10.1007/s13752-016-0244-4
https://link.springer.com/article/10.1007/s00411-016-0645-6
https://link.springer.com/article/10.1007/s00411-016-0645-6
https://www.researchgate.net/publication/332077010_Risk_analysis_of_the_mortality_from_the_diseases_of_the_circulatory_system_in_the_Ural_cohort_of_emergency-irradiated_population_for_the_years_1950-2015
https://www.researchgate.net/publication/332077010_Risk_analysis_of_the_mortality_from_the_diseases_of_the_circulatory_system_in_the_Ural_cohort_of_emergency-irradiated_population_for_the_years_1950-2015
https://www.researchgate.net/publication/332077010_Risk_analysis_of_the_mortality_from_the_diseases_of_the_circulatory_system_in_the_Ural_cohort_of_emergency-irradiated_population_for_the_years_1950-2015

Jargin SV

71.

72.

73.

4.

75.

76.

1.

78.
79.

80.

81.

82.

83.

34.

85.

86.

87.

88.

89.

Schonfeld SJ, Krestinina LY, Epifanova S, Degteva MO, Akleyev
AV, Preston DL. Solid cancer mortality in the Techa River Cohort
(1950-2007). Radiation research. 2013;179(2):183-9.

Akleyev AV, Degteva MO, Krestinina LY. Overall results and
prospects of the cancer risk assessment in the Urals population
affected by chronic low dose-rate exposure. Radiation Medicine and
Protection. 2022;3(04):159-66.

Moseeva MB, Azizova TV, Muirhed CR, Grigor'eva ES, Vlasenko
EV, Sumina MV, O'Hagan JA, Zang W, Haylock RG, Hunter N.
Risk of cerebrovascular disease incidence in the cohort of Mayak
production association workers first employed during 1948-1958.
Radiatsionnaia biologiia, radioecologiia. 2012;52(2):149-57.
Krestinina LY, Epifanova S, Silkin S, Mikryukova L, Degteva M,
Shagina N, Akleyev A. Chronic low-dose exposure in the Techa River
Cohort: risk of mortality from circulatory diseases. Radiation and
environmental biophysics. 2013;52(1):47-57.

Vallis KA, Pintilie M, Chong N, Holowaty E, Douglas PS,
Kirkbride P, Wielgosz A. Assessment of coronary heart disease
morbidity and mortality after radiation therapy for early breast cancer.
Journal of clinical oncology. 2002;20(4):1036-42.

UNSCEAR. 2006 Report. Efects of lonizing Radiation. Annex A:
Annex B.
Epidemiological evaluation of cardiovascular disease and other non-

Epidemiological studies of radiation and cancer.

cancer diseases following radiation exposure. New York: United
Nations; 2016.

National Research Council, Division on Earth, Life Studies, Board
on Radiation Effects Research, Committee to Assess Health Risks
from Exposure to Low Levels of Ionizing Radiation. Health risks
from exposure to low levels of ionizing radiation: BEIR VII phase 2.

UNSCEAR 1962 Report. Annex D: Somatic effects of radiation.
Hopewell JW, Campling D, Calvo W, Reinhold HS, Wilkinson
JH, Yeung TK. Vascular irradiation damage: its cellular basis and
likely consequences. The British journal of cancer. Supplement.
1986;7:181.

Schultz-Hector S. Radiation-induced
experimental data on dose reponse and pathogenesis. International
journal of radiation biology. 1992;61(2):149-60.

Little MP, Azizova TV, Richardson DB, Tapio S, Bernier MO,

Kreuzer M, et al. Ionising radiation and cardiovascular disease:

heart disease: review of

systematic review and meta-analysis. bmj. 2023;380.

Little MP, Azizova TV, Hamada N. Low-and moderate-dose non-
cancer effects of ionizing radiation in directly exposed individuals,
especially circulatory and ocular diseases: a review of the epidemiology.
International journal of radiation biology. 2021;97(6):782-803.
Jargin SV. Cardiovascular mortality in Russia: a
Cardiovascular Diagnosis and Therapy. 2017;7(6):E13.
Azizova TV, Moseeva MB, Grigoryeva ES, Hamada N. Incidence
risks for cerebrovascular diseases and types of stroke in a cohort of
Mayak PA workers. Radiation and Environmental Biophysics.
2022;61(1):5-16.

World Bank Group data for 2020. In: Wikipedia. List of countries
by life expectancy. Gender gap.

Azizova TV, Haylock RG, Moseeva MB, Bannikova MYV,
Grigoryeva ES. Cerebrovascular diseases incidence and mortality in
an extended Mayak Worker Cohort 1948-1982. Radiation Research.
2014,182(5):529-44.

Luckey TD. Atomic bomb health benefits.
2008;6(4):dose-response.

Grant EJ, Yamamura M, Brenner AV, Preston DL, Utada M,
Sugiyama H, Sakata R, Mabuchi K, Ozasa K. Radiation risks for the
incidence of kidney, bladder and other urinary tract cancers: 1958-
2009. Radiation Research. 2021;195(2):140-8.

Doss M. Future of radiation protection regulations. Health physics.

2016;110(3):274-5.

comment.

Dose-Response.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

OPEN 8 ACCESS Freely available online

Little MP. Evidence for curvilinearity in the cancer incidence dose-
response in the Japanese atomic bomb survivors. International
journal of radiation biology. 1996;70(1):83-94.

Azizova TV, Bannikova MV, Grigorieva ES, Bagaeva YP, Azizova
EV. Risk of lower extremity arterial disease in a cohort of workers
occupationally exposed to ionizing radiation over a prolonged period.
Radiation and environmental biophysics. 2016;55(2):147-59.
Azizova TV, Grigorieva ES, Hunter N, Pikulina MV, Moseeva MB.
Risk of mortality from circulatory diseases in Mayak workers cohort
following occupational radiation exposure. Journal of Radiological
Protection. 2015;35(3):517-38.

Azizova TV, Muirhead CR, Moseeva MB, Grigoryeva ES, Sumina
MYV, O’Hagan ], Zhang W, Haylock R], Hunter N. Cerebrovascular
diseases in nuclear workers first employed at the Mayak PA in 1948-
1972. Radiation and environmental biophysics. 2011;50(4):539-52.

Azizova TV, Moseeva MB, Grigor'eva ES, Muirhed CR, Hunter N,
Haylock RG, O'Hagan JA. Mortality risk of cardiovascular diseases
for occupationally exposed workers. Radiatsionnaia Biologiia,
Radioecologiia. 2012;52(2):158-66.

Rithm W, Breckow ], Dietze G, Friedl A, Greinert R, Jacob P,
Kistinger S, Michel R, Miiller WU, Otten H, Streffer C. Dose
limits for occupational exposure to ionising radiation and genotoxic
carcinogens: a German perspective. Radiation and Environmental
Biophysics. 2020;59(1):9-27.

Jahng JW, Little MP, No HJ, Loo Jr BW, Wu JC. Consequences of
ionizing radiation exposure to the cardiovascular system. Nature
Reviews Cardiology. 2024;21(12):880-98.

Botghini A, Gorini F, Palazzo M, Daher ]. From Exposure to Effect:
Genetic and Epigenetic Biomarker-Guided Risk Assessment in
Cardiac Imaging. International Journal of Molecular Sciences.
2026;27(7):3041.

Puukila S, Lemon JA, Lees SJ], Tai TC, Boreham DR, Khaper N.

Impact of ionizing radiation on the cardiovascular system: a review.
Radiation research. 2017;188(4.2):539-46.

Boerma M, Sridharan V, Mao XW, Nelson GA, Cheema AK,
Koturbash 1, Singh SP, Tackett AJ, HauerJensen M. Effects of
ionizing radiation on the heart. Mutation Research/Reviews in
Mutation Research. 2016;770:319-27.

Stewart FA, Akleyev AV, HauerJensen M, Hendry JH, Kleiman
NJ, Macvittie TJ, Aleman BM, Edgar AB, Mabuchi K, Muirhead
CR, Shore RE. ICRP publication 118: ICRP statement on tissue
reactions and early and late effects of radiation in normal tissues and
organs—threshold doses for tissue reactions in a radiation protection
context. Annals of the ICRP. 2012;41(1-2):1-322.

Pouvreau P, Taleb I, Fontaine A, Edouard L, Gibson N, Yaouanq
M, Boudoussier A, Petit A, Vinh-Hung V, Sargos P, Benziane-
Ouaritini N. Heart is a heavy burden: cardiac toxicity in radiation
oncology. Supportive Care in Cancer. 2024;32(11):769.

Baldwin ], Grantham V. Radiation hormesis: historical and current
perspectives. Journal of nuclear medicine technology. 2015;43(4):
242-6.

Doss M. Linear no-threshold model vs. radiation hormesis. Dose-
response. 2013;11(4):dose-response.

Scott BR. It's time for a new low-doseradiation risk assessment
paradigm—one  that acknowledges Dose-Response.
2008;6(4):dose-response.

Shibamoto Y, Nakamura H. Overview of biological, epidemiological,
and clinical evidence of radiation hormesis. International journal of
molecular sciences. 2018;19(8):2387.

Xu J, Liu D, Zhao D, Jiang X, Meng X, Jiang L, Yu M, Zhang L,
Jiang H. Role of low-dose radiation in senescence and aging: A

beneficial perspective. Life sciences. 2022;302:120644.

hormesis.

Journal of Cardiology and Heart Failure

J. Cardiol. Heart Fail, Vol.2 Iss.2, August (2026), pp:94-106

11


https://radiation-research.kglmeridian.com/view/journals/rare/179/2/article-p183.xml
https://radiation-research.kglmeridian.com/view/journals/rare/179/2/article-p183.xml
https://mednexus.org/doi/abs/10.1016/j.radmp.2022.08.002
https://mednexus.org/doi/abs/10.1016/j.radmp.2022.08.002
https://mednexus.org/doi/abs/10.1016/j.radmp.2022.08.002
https://pubmed.ncbi.nlm.nih.gov/22690577/
https://pubmed.ncbi.nlm.nih.gov/22690577/
https://link.springer.com/article/10.1007/s00411-012-0438-5
https://link.springer.com/article/10.1007/s00411-012-0438-5
https://ascopubs.org/doi/abs/10.1200/jco.2002.20.4.1036
https://ascopubs.org/doi/abs/10.1200/jco.2002.20.4.1036
https://www.unscear.org/unscear/en/publications/2006_1.html
https://www.unscear.org/unscear/en/publications/2006_1.html
https://www.unscear.org/unscear/en/publications/2006_1.html
https://www.unscear.org/unscear/en/publications/2006_1.html
https://books.google.com/books?hl=en&lr=&id=H4J3Ns_3lUIC&oi=fnd&pg=PR1&dq=NAS.+Health+risks+from+exposure+to+low+levels+of+ionizing+radiation+(BEIR+VII+Phase+2).+Washington:+National+Academy+Press,+2006&ots=mHHZ3EocNX&sig=52tdol17npIu091x6pdCRoBK0Co
https://books.google.com/books?hl=en&lr=&id=H4J3Ns_3lUIC&oi=fnd&pg=PR1&dq=NAS.+Health+risks+from+exposure+to+low+levels+of+ionizing+radiation+(BEIR+VII+Phase+2).+Washington:+National+Academy+Press,+2006&ots=mHHZ3EocNX&sig=52tdol17npIu091x6pdCRoBK0Co
https://www.unscear.org/unscear/en/publications/1962.html
https://pmc.ncbi.nlm.nih.gov/articles/PMC2149787/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2149787/
https://www.tandfonline.com/doi/abs/10.1080/09553009214550761
https://www.tandfonline.com/doi/abs/10.1080/09553009214550761
https://www.bmj.com/content/380/bmj-2022-072924.abstract
https://www.bmj.com/content/380/bmj-2022-072924.abstract
https://www.tandfonline.com/doi/abs/10.1080/09553002.2021.1876955
https://www.tandfonline.com/doi/abs/10.1080/09553002.2021.1876955
https://www.tandfonline.com/doi/abs/10.1080/09553002.2021.1876955
https://pmc.ncbi.nlm.nih.gov/articles/PMC5752834/
https://link.springer.com/article/10.1007/s00411-022-00966-6
https://link.springer.com/article/10.1007/s00411-022-00966-6
https://link.springer.com/article/10.1007/s00411-022-00966-6
https://en.wikipedia.org/wiki/List_of_countries_by_life_expectancy
https://en.wikipedia.org/wiki/List_of_countries_by_life_expectancy
https://radiation-research.kglmeridian.com/view/journals/rare/182/5/article-p529.xml
https://radiation-research.kglmeridian.com/view/journals/rare/182/5/article-p529.xml
https://journals.sagepub.com/doi/abs/10.2203/dose-response.08-009.Luckey
https://radiation-research.kglmeridian.com/view/journals/rare/195/2/article-p140.xml
https://radiation-research.kglmeridian.com/view/journals/rare/195/2/article-p140.xml
https://radiation-research.kglmeridian.com/view/journals/rare/195/2/article-p140.xml
https://journals.lww.com/health-physics/fulltext/2016/03000/future_of_radiation_protection_regulations.9.aspx
https://www.tandfonline.com/doi/abs/10.1080/095530096145364
https://www.tandfonline.com/doi/abs/10.1080/095530096145364
https://link.springer.com/article/10.1007/s00411-016-0645-6
https://link.springer.com/article/10.1007/s00411-016-0645-6
https://iopscience.iop.org/article/10.1088/0952-4746/35/3/517/meta
https://iopscience.iop.org/article/10.1088/0952-4746/35/3/517/meta
https://link.springer.com/article/10.1007/s00411-011-0377-6
https://link.springer.com/article/10.1007/s00411-011-0377-6
https://link.springer.com/article/10.1007/s00411-011-0377-6
https://europepmc.org/article/med/22690578
https://europepmc.org/article/med/22690578
https://link.springer.com/article/10.1007/s00411-019-00817-x
https://link.springer.com/article/10.1007/s00411-019-00817-x
https://link.springer.com/article/10.1007/s00411-019-00817-x
https://www.nature.com/articles/s41569-024-01056-4
https://www.nature.com/articles/s41569-024-01056-4
https://iris.cnr.it/retrieve/e9a57d7d-df29-45dd-8acf-0a7445c960e1/ijms-27-03041.pdf
https://iris.cnr.it/retrieve/e9a57d7d-df29-45dd-8acf-0a7445c960e1/ijms-27-03041.pdf
https://iris.cnr.it/retrieve/e9a57d7d-df29-45dd-8acf-0a7445c960e1/ijms-27-03041.pdf
https://radiation-research.kglmeridian.com/view/journals/rare/188/4.2/article-p539.xml
https://www.sciencedirect.com/science/article/pii/S1383574216300680
https://www.sciencedirect.com/science/article/pii/S1383574216300680
https://journals.sagepub.com/doi/abs/10.1016/j.icrp.2012.02.001
https://journals.sagepub.com/doi/abs/10.1016/j.icrp.2012.02.001
https://journals.sagepub.com/doi/abs/10.1016/j.icrp.2012.02.001
https://journals.sagepub.com/doi/abs/10.1016/j.icrp.2012.02.001
https://link.springer.com/article/10.1007/s00520-024-08949-7
https://link.springer.com/article/10.1007/s00520-024-08949-7
https://tech.snmjournals.org/content/43/4/242.short
https://tech.snmjournals.org/content/43/4/242.short
https://journals.sagepub.com/doi/abs/10.2203/dose-response.13-005.Doss
https://journals.sagepub.com/doi/abs/10.2203/dose-response.07-005.Scott
https://journals.sagepub.com/doi/abs/10.2203/dose-response.07-005.Scott
https://www.mdpi.com/1422-0067/19/8/2387
https://www.mdpi.com/1422-0067/19/8/2387
https://www.sciencedirect.com/science/article/pii/S0024320522003447?__cf_chl_rt_tk=IYkqDi5xcvPpYWgt7d24.B0ps2R9e51Wdubs9wMT.U8-1785058525-1.0.1.1-OJJ1td0cdb68xOWq7Pfo3cyI_7nm3RoHVcQoJftKXw0
https://www.sciencedirect.com/science/article/pii/S0024320522003447?__cf_chl_rt_tk=IYkqDi5xcvPpYWgt7d24.B0ps2R9e51Wdubs9wMT.U8-1785058525-1.0.1.1-OJJ1td0cdb68xOWq7Pfo3cyI_7nm3RoHVcQoJftKXw0

Jargin SV

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Jorgensen TJ. Dental x-rays and risk of meningioma. Cancer.
2013;119(2):463.

Grosche B, Zhunussova T, Apsalikov K, Kesminiene A. Studies of
health effects from nuclear testing near the Semipalatinsk Nuclear Test
Site, Kazakhstan. Central Asian journal of global health. 2015;4(1):
1217.

Dubrova YE. Some aspects of mutation research after a low-dose
radiation exposure Reply. MUTATION RESEARCH-GENETIC
TOXICOLOGY AND ENVIRONMENTAL MUTAGENESIS.
2012;749(1-2):103-4.

Simon SL, Baverstock KF, Lindholm C. A summary of evidence on
radiation exposures received near to the Semipalatinsk nuclear
weapons test site in Kazakhstan. Health physics. 2003;84(6):718-25.
Gordeev K, Vasilenko I, Lebedev A, Bouville A, Luckyanov N,
Simon S, et al. Fallout from nuclear tests: dosimetry in Kazakhstan.
Radiation and environmental biophysics. 2002;41(1):61-7.

Simon SL, Beck HL, Gordeev K, Bouville A, Anspaugh LR, Land
CE, et al. External dose estimates for Dolon village: application of the
US/Russian  joint methodology. Journal of radiation research.
2006;47(SupplementA):A143-7.

Zhumadilov K, Ivannikov A, Stepanenko V, Zharlyganova D,
Toyoda S, Zhumadilov Z, et al. ESR dosimetry study of population
in the vicinity of the Semipalatinsk Nuclear Test Site. Journal of
radiation research. 2013;54(4):775-9.

Gordeev K, Shinkarev S, Ilyin L, Bouville A, Hoshi M, Luckyanov
N, Simon SL. Retrospective dose assessment for the population living
in areas of local fallout from the Semipalatinsk nuclear test site Part I:
External  exposure. Journal of  radiation
2006;47(Suppl_A):A129-36.

Imanaka T, Fukutani S, Yamamoto M, Sakaguchi A, Hoshi M.

Width and center-axis location of the radioactive plume that passed

research.

over Dolon and nearby villages on the occasion of the first USSR A-
bomb test in 1949. Journal of radiation research. 2005;46(4):395-9.

Tsyb AF, Stepanenko VF, Pitkevich VA, Ispenkov EA, Sevan'kaev
AV, Dmitriev EV, et al. Around the Semipalatinsk proving grounds:
the radioecological situation and the population radiation doses in
Semipalatinsk Province (based on data from therreportsof the

Interdepartmental ~ Commission). ~ Meditsinskaia © Radiologiia.
1990;35(12):3-11.
Spiridonova SI, Mukusheva MK, Shubina ©A; Solomatin VM,

Epifanova IE. The dose estimation to the population as a result of
radioactive contamination of the Semipalatinsk  Test
Radiatsionnaia biologiia, radioecologiia. 2008;48(2):218-24.
Kogan EA, Sagindikova GS, Sekamova SM, Jack G. Morphological,

cytogenetic and molecular biological characteristics of lung cancer in

area.

persons exposed for a long time to radionuclide radiation pollution in
the Semipalatinsk Arkhiv  Patologii.
2002;64(5):13-8.

Morrison AB. Robbins Pathologic Basis of Disease. JAMA.
1995;273(11):893-4.

Sagindikova GE. Morfologicheskie i molekularno-biologicheskie
osobennosti raka legkogo, razvivshegosia v usloviah povyshennoi

region of Kazakhstan.

radiacii (Morphological and molecular biological features of lung
cancer developed under conditions of increased radiation) (Doctoral

dissertation, Dissertation. Moscow: IM Sechenov Medical
Academy).
Kogan EA, Cherniaev AL, Chuchalin AG, Samsonova MV,

Demura SA, Sekamova SM, Zholt S, Sende B, Suanova LA, Ali-
Riza AE. Morphologic and molecular-genetic characterization of lung
cancer developing in people who have worked at nuclear facilities and
who have lived in Russian territories polluted after the accident at the
Chernobyl power plant. Arkhiv Patologii. 1999;61(1):22-6.

Sagindikova GE, Kogan EA, Fligel DM, Teleulov MK. Role of

matrix metalloproteinases in the pathogenesis and morphogenesis of

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

OPEN 8 ACCESS Freely available online

fibrocavernous tuberculosis in persons long living in the Semipalatinsk
region of Kazakhstan. Arkhiv Patologii. 2007;69(3):28-32.
Sagindikova GE, Kogan EA, Satbaeva EB, Paramonova NB. Matrix
metalloproteinases, their inhibitors and angiogenesis in different
morphological types of lung precancer in persons who have long lived
in the radioactive substancepolluted area of the Semipalatinsk
Region, Kazakhstan. Arkhiv patologii. 2008;70(2):21-5.

Sagindikova GE, Kogan EA, Satbaeva EB. Immunohistochemistry
of matrix metalloproteinases in different morphologic types of the
lung cancer developed in the inhabitants of the Semipalatinsk Region.
Arkhiv Patologii. 2008;70(1):26-9.

Bjerklund G, Pivina L, Semenova Y. Genetic polymorphisms in
cardiovascular disease: effects across three generations exposed to
radiation from the Semipalatinsk nuclear test site. Cardiovascular
Toxicology. 2024;24(9):870-8.

Markabayeva A, Bauer S, Pivina L, Bjorklund G, Chirumbolo S,
Kerimkulova A, et al. Increased prevalence of essential hypertension
in areas previously exposed to fallout due to nuclear weapons testing at
the Semipalatinsk Test Site, Kazakhstan. Environmental research.
2018;167:129-35.

Semenova Y, Rakhimova I, Nurpeissov T, Alikeyeva G, Khaibullin
T, Kovalchuk V, et al. Epidemiology of stroke and transient ischemic
attacks in the population of the territories adjacent to the former
Semipalatinsk Nuclear Test Site, Kazakhstan. Radiation and
Environmental Biophysics. 2022;61(1):17-28.

Apsalikov KNy Lipikhina A, Grosche B, Belikhina T, Ostroumova
E, Shinkarev S, et al. The state scientific automated medical registry,
Kazakhstan: an important resource for low-dose radiation health
research. Radiation and environmental biophysics. 2019;58(1):1-1.
Grosche B. Semipalatinsk test site: Introduction. Radiation and
Environmental Biophysics. 2002;41(1):53-5.

Bauer S, Gusev BI, Pivina LM, Apsalikov KN, Grosche B.
Radiation exposure due to local fallout from Soviet atmospheric
nuclear weapons testing in Kazakhstan: solid cancer mortality in the
Semipalatinsk historical cohort, 1960-1999. Radiation research.
2005;164(4):409-19.

Muratov S, Becker C. Tracking tuberculosis control using detailed
population health and satellite luminosity data: findings from
Kazakhstan. Available at SSRN 4518342. 2023.

Trebukhov AV, Zhizheleva VYu, Maltseva MV, Naidovskaya NA.
Features of the immune status of frequently and longterm sick
children-residents of the Altai territory. Journal of Siberian Medical
Sciences. 2019(4):30-40.

Grosche B, Lackland DT, Land CE, Simon SL, Apsalikov KN,
Pivina LM, Bauer S, Gusev BI. Mortality from cardiovascular
diseases in the Semipalatinsk historical cohort, 1960-1999, and its
relationship to radiation exposure. Radiation research. 2011;176(5):
660-9.

United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR), UNSCEAR 2019. Report. Annex A.
Evaluation of selected health effects and inference of risk due to
radiation exposure.

Preston DL, Shimizu Y, Pierce DA, Suyama A, Mabuchi K. Studies
of mortality of atomic bomb survivors. Report 13: Solid cancer and
1950-1997. Radiation research.

noncancer disease mortality:

2003;160(4):381-407.

Shimizu Y, Kodama K, Nishi N, Kasagi F, Suyama A, Soda M,
Grant EJ, Sugiyama H, Sakata R, Moriwaki H, Hayashi M.
Radiation exposure and circulatory disease risk: Hiroshima and
Nagasaki atomic bomb survivor data, 1950-2003. Bmj. 2010;340.
Markabayeva AM, Kerimkulova AS, Pivina LM, Rakhypbekov TK,
Apsalikov KM, Ospanova AS, Grjibovski AM. Lipid profile among
the population exposed to radiation from Semipalatinsk nuclear test

site, Kazakhstan. Ekologiya (Human  Ecology).
2015;22(9):7-14.

cheloveka

Journal of Cardiology and Heart Failure

J. Cardiol. Heart Fail, Vol.2 Iss.2, August (2026), pp:94-106

12


https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/cncr.27710
https://pmc.ncbi.nlm.nih.gov/articles/PMC5661192/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5661192/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5661192/
https://journals.lww.com/health-physics/fulltext/2003/06000/A_SUMMARY_OF_EVIDENCE_ON_RADIATION_EXPOSURES.4.aspx
https://journals.lww.com/health-physics/fulltext/2003/06000/A_SUMMARY_OF_EVIDENCE_ON_RADIATION_EXPOSURES.4.aspx
https://journals.lww.com/health-physics/fulltext/2003/06000/A_SUMMARY_OF_EVIDENCE_ON_RADIATION_EXPOSURES.4.aspx
https://www.jstage.jst.go.jp/article/jrr/47/SupplementA/47_SupplementA_A143/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jrr/47/SupplementA/47_SupplementA_A143/_article/-char/ja/
https://academic.oup.com/jrr/article-abstract/54/4/775/911095
https://academic.oup.com/jrr/article-abstract/54/4/775/911095
https://ieeexplore.ieee.org/abstract/document/8155412/
https://ieeexplore.ieee.org/abstract/document/8155412/
https://ieeexplore.ieee.org/abstract/document/8155412/
https://academic.oup.com/jrr/article-abstract/46/4/395/930264
https://academic.oup.com/jrr/article-abstract/46/4/395/930264
https://academic.oup.com/jrr/article-abstract/46/4/395/930264
https://europepmc.org/article/med/2148364
https://europepmc.org/article/med/2148364
https://europepmc.org/article/med/2148364
https://europepmc.org/article/med/2148364
https://pubmed.ncbi.nlm.nih.gov/18666656/
https://pubmed.ncbi.nlm.nih.gov/18666656/
https://europepmc.org/article/med/12575534
https://europepmc.org/article/med/12575534
https://europepmc.org/article/med/12575534
https://europepmc.org/article/med/12575534
https://jamanetwork.com/journals/jama/article-abstract/383817
https://pmc.ncbi.nlm.nih.gov/articles/PMC3163783/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3163783/
https://europepmc.org/article/med/10198700
https://europepmc.org/article/med/10198700
https://europepmc.org/article/med/10198700
https://europepmc.org/article/med/10198700
https://europepmc.org/article/med/17722592
https://europepmc.org/article/med/17722592
https://europepmc.org/article/med/17722592
https://europepmc.org/article/med/17722592
https://pubmed.ncbi.nlm.nih.gov/18540436/
https://pubmed.ncbi.nlm.nih.gov/18540436/
https://pubmed.ncbi.nlm.nih.gov/18540436/
https://pubmed.ncbi.nlm.nih.gov/18540436/
https://pubmed.ncbi.nlm.nih.gov/18540436/
https://europepmc.org/article/med/18368804
https://europepmc.org/article/med/18368804
https://europepmc.org/article/med/18368804
https://link.springer.com/article/10.1007/s12012-024-09885-y
https://link.springer.com/article/10.1007/s12012-024-09885-y
https://link.springer.com/article/10.1007/s12012-024-09885-y
https://www.sciencedirect.com/science/article/pii/S0013935118303815
https://www.sciencedirect.com/science/article/pii/S0013935118303815
https://www.sciencedirect.com/science/article/pii/S0013935118303815
https://link.springer.com/article/10.1007/s00411-021-00955-1
https://link.springer.com/article/10.1007/s00411-021-00955-1
https://link.springer.com/article/10.1007/s00411-021-00955-1
https://link.springer.com/article/10.1007/s00411-018-0762-5
https://link.springer.com/article/10.1007/s00411-018-0762-5
https://link.springer.com/article/10.1007/s00411-018-0762-5
https://www.researchgate.net/profile/Zhanat-Carr/publication/13826834_The_Semipalatinsk_Nuclear_Test_Site_a_first_assessment_of_the_radiological_situation_and_the_test_related_radiation_doses_in_the_surrounding_territories/links/59dcc918458515e9ab4da241/The-Semipalatinsk-Nuclear-Test-Site-a-first-assessment-of-the-radiological-situation-and-the-test-related-radiation-doses-in-the-surrounding-territories.pdf
https://radiation-research.kglmeridian.com/view/journals/rare/164/4/article-p409.xml
https://radiation-research.kglmeridian.com/view/journals/rare/164/4/article-p409.xml
https://radiation-research.kglmeridian.com/view/journals/rare/164/4/article-p409.xml
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4518342
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4518342
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4518342
https://radiation-research.kglmeridian.com/view/journals/rare/176/5/article-p660.xml
https://radiation-research.kglmeridian.com/view/journals/rare/176/5/article-p660.xml
https://radiation-research.kglmeridian.com/view/journals/rare/176/5/article-p660.xml
https://www.unscear.org/unscear/en/publications/2020_2021_1.html
https://www.unscear.org/unscear/en/publications/2020_2021_1.html
https://radiation-research.kglmeridian.com/view/journals/rare/160/4/article-p381.xml
https://radiation-research.kglmeridian.com/view/journals/rare/160/4/article-p381.xml
https://radiation-research.kglmeridian.com/view/journals/rare/160/4/article-p381.xml
https://www.bmj.com/content/340/bmj.b5349.short
https://www.bmj.com/content/340/bmj.b5349.short
https://journals.eco-vector.com/1728-0869/article/view/16985
https://journals.eco-vector.com/1728-0869/article/view/16985
https://journals.eco-vector.com/1728-0869/article/view/16985

Jargin SV

138.

139.
140.

141.

142.

143.

144.

145.

146.

147.

Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ.
Measuring the global burden of disease and risk factors, 1990-2001.
Global burden of disease and risk factors. 2006;1:1-4.

Jargin SV. Misconduct in medical research and practice.

Davydov MI, Zaridze DG, Lazarev AF, Maksimovich DM, Igitov
VI, Boroda AM, Khvastiuk MG. Analysis of mortality in Russian
population. Vestnik Rossiiskoi Akademii Meditsinskikh Nauk.
2007(7):17-217.

Jargin S. Questionable information on poisonings by alcohol
surrogates. Interdisciplinary toxicology. 2016;9(3-4):83-4.

Roberts B, Stickley A, Balabanova D, Haerpfer C, McKee M. The
persistence of irregular treatment of hypertension in the former Soviet
Union. ] Epidemiol Community Health. 2012;66(11):1079-82.

Kim AS, Johnston SC. Global variation in the relative burden of
stroke and ischemic heart disease. Circulation. 2011;124(3):314-23.
Manenti G, Coppeta L, Kirev IV, Verno G, Garaci F, Magrini A,
Floris R. Low-dose occupational exposure to ionizing radiation and
cardiovascular effects: a narrative review. In Healthcare 2024 (Vol.
12, No. 2, p. 238). MDPL.

NA ES. Nemcy Kazahstana: deportacia, specposelenie, reabilitacia
deportation,  special  settlement,
rehabilitation (Doctoral dissertation, Thesis. Tomsk University).

Germans of  Kazakhstan:
Gordeev VV, LN K. Rasprostranennost novoobrazovanii u detei-
potomkov lic, podvergshihsia vozdejstviiu jadernogo vzryva na
Semipalatinskom poligone 29 avgusta 1949 goda The prevalence
of neoplasms in children-descendants of persons exposed to a
nuclear explosion on August 29, 1949. InAktualnye voprosy
onkologii Topical issues of oncology. Proceedings of scientific-
practical conference dedicated to 1996 (pp. 281-283).

Gonzilez AJ. Radiation safety standards and their application:
international policies and current issues. Health physics. 2004;87(3):
258-172.

148.

149.

150.

151.

152.

153.
154.
155.
156.

157.

OPEN 8 ACCESS Freely available online

Heidenreich WF, Paretzke HG, Jacob P. No evidence for increased
tumor rates below 200 mSv in the atomic bomb survivors data.
Radiation and environmental biophysics. 1997;36(3):205-7.

P. LITTLE CR MUIRHEAD M. Curvature in the cancer mortality
dose response in Japanese atomic bomb survivors: absence of evidence
of threshold. International journal of radiation biology. 1998;74(4):
471-80.

Watanabe T, Miyao M, Honda R, Yamada Y. Hiroshima survivors
exposed to very low doses of A-bomb primary radiation showed a high
risk for cancers. Environmental health and preventive medicine.
2008;13(5):264-70.

UNSCEAR 1986 Report. Annex B: Dose-response relationships for
radiation-induced cancer.

Kalistratova VS, Buldakov LA, Nisimov PG. Ionizing radiation
dose levels for incorporated radionuclides and external exposure
that do not cause the development of blastomogenous effects.
Med Radiol Radiat Safety. 2009;54(6):24-30.

Moskalev 1. Biological effects of low radiation doses. Moscow:
Institute of Biophysics. 1983.

Beliaev IA. Chernobyl Vahta smerti Death shift. Moscow: IzdAT.
2006.

Semenov AN. Chernobyl. Ten years later.

Trakimavi¢ius L. Is small really beautiful? The future role of small
modular nucleat reactors (SMRs) in the military. Energy Highlights.
2021;15:2-16.

Doss M. Future of radiation protection regulations. Health physics.

2016;110(3):274-5.

Journal of Cardiology and Heart Failure

J. Cardiol. Heart Fail, Vol.2 Iss.2, August (2026), pp:94-106

13


https://philpapers.org/rec/JARMIM
https://europepmc.org/article/med/17718076
https://europepmc.org/article/med/17718076
https://sciendo.com/2/v2/download/article/10.1515/intox-2016-0010.pdf
https://sciendo.com/2/v2/download/article/10.1515/intox-2016-0010.pdf
https://jech.bmj.com/content/66/11/1079.short
https://jech.bmj.com/content/66/11/1079.short
https://jech.bmj.com/content/66/11/1079.short
https://www.ahajournals.org/doi/abs/10.1161/circulationaha.111.018820
https://www.ahajournals.org/doi/abs/10.1161/circulationaha.111.018820
https://www.mdpi.com/2227-9032/12/2/238
https://www.mdpi.com/2227-9032/12/2/238
https://www.prlib.ru/challenge-en.html?redirect=/en/node/351221
https://www.prlib.ru/challenge-en.html?redirect=/en/node/351221
https://www.prlib.ru/challenge-en.html?redirect=/en/node/351221
https://www.ovid.com/jnls/health-physics/abstract/10.1097/01.hp.0000130400.90548.5e~radiation-safety-standards-and-their-application?redirectionsource=fulltextview
https://www.ovid.com/jnls/health-physics/abstract/10.1097/01.hp.0000130400.90548.5e~radiation-safety-standards-and-their-application?redirectionsource=fulltextview
https://link.springer.com/article/10.1007/s004110050073
https://link.springer.com/article/10.1007/s004110050073
https://www.tandfonline.com/doi/abs/10.1080/095530098141348
https://www.tandfonline.com/doi/abs/10.1080/095530098141348
https://www.tandfonline.com/doi/abs/10.1080/095530098141348
https://link.springer.com/article/10.1007/s12199-008-0039-8
https://link.springer.com/article/10.1007/s12199-008-0039-8
https://link.springer.com/article/10.1007/s12199-008-0039-8
https://www.unscear.org/unscear/en/publications/1986.html
https://www.unscear.org/unscear/en/publications/1986.html
https://www.iaea.org/sites/default/files/publications/magazines/bulletin/bull25-3/25305184144.pdf
https://elib.biblioatom.ru/text/belyaev_chernobyl-vahta-smerti_2009/0000/05/
https://www.iaea.org/sites/default/files/38302740213.pdf
https://www.researchgate.net/publication/347237092_Is_small_really_beautiful_The_future_role_of_small_modular_nuclear_reactors_SMRs_in_the_military
https://www.researchgate.net/publication/347237092_Is_small_really_beautiful_The_future_role_of_small_modular_nuclear_reactors_SMRs_in_the_military
https://www.ovid.com/jnls/health-physics/abstract/10.1097/hp.0000000000000381~future-of-radiation-protection-regulations?redirectionsource=fulltextview

	Contents
	Overestimation Of Harm from Low Dose Ionizing Radiation with Special Reference to Cardiovascular Conditions
	ABSTRACT
	INTRODUCTION
	METHODS
	Overestimation of Chernobyl Consequences
	Radioactive Contamination in the Urals
	Cardio- And Cerebro-Vascular Conditions
	Semipalatinsk Nuclear Test Site (STS)

	DISCUSSION
	CONCLUSION
	CONFLICTS OF INTEREST
	REFERENCES




