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INTRODUCTION  

This mini-review is an updated summary of 

several preceding papers (Jargin 2012-2018); its 
writing has been prompted by the fact that 

hormesis is rarely mentioned in publications on 

the radiation protection field including the 

UNSCEAR reports. At the same time, the linear 
no-threshold (LNT) hypothesis is continued to 

be discussed. The statements that the LNT 

hypothesis is unfalsifiable are unfounded: to 
reject the LNT, it would suffice to prove 

hormesis (Cardarelli and Ulsh 2018). Among 

environmental factors acting according to the 
hormesis model are numerous substances and 

chemical elements, light, ultraviolet and 

products of water radiolysis (Kaludercic et al. 

2014; Le Bourg and Rattan 2014). By analogy 
with other environmental factors, an evolutionary 

adaptation to the natural background radiation 

can be reasonably assumed. The conservative 
nature of the DNA repair suggests that cells and 

organisms may have retained some capability to 

repair damage from higher radiation levels than 

the today’s radiation background (Karam and 

Leslie 1999). The experimental evidence in 

favor of hormesis and adaptive responses to 
ionizing radiation is considerable (Scott 2008, 

2014; Baldwin and Grantham 2015; Calabrese 

2015; Alavi et al. 2016; Shibamoto and 

Nakamura 2018; Tang et al. 2017, Jargin 2018; 
UNSCEAR 1994, 2000), which means that 

experimental data are partly at variance with 

epidemiological studies.  

The evidence against the LNT or in favor of 

radiation hormesis has been obtained also in a 

variety of human studies (Doss 2018; 
Shibamoto and Nakamura 2018; UNSCEAR 

2017). In animal experiments, doses associated 

with carcinogenesis have been generally higher 

than average doses in Chernobyl, EURT (East 
Urals Radioactive Trace) cohorts and regular 

professional settings (UNSCEAR 1962, 1986, 

1994, 2000; Mitchel 2009; Moskalev 1983; 
Braga-Tanaka et al. 2018; Rühm et al. 2018). 

Animal experiments with doses comparable to 

averages in the above-named populations might 
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appear unpromising as they would hardly bring 

any statistically significant results. Nevertheless 
this is the most reliable method to assess the 

probability of health-related effects of low dose 

low rate radiation: enhancing the number of 
animals to look for statistically significant 

deleterious or favorable (hormetic) effects 

expressed in the average life span. To make the 

experiments less expensive, it is unnecessary to 
examine individual animals and perform 

necropsies. It would suffice to maintain in equal 

conditions large animal groups and to register 
the life duration, which is known to be a 

sensitive endpoint attributable to radiation 

exposures (Braga-Tanaka et al. 2018). Such 
experiments, being simple and ethically 

acceptable, would objectively characterize the 

dose-response pattern. For such fundamental 

biological phenomena as hormesis and DNA 
repair, the data may be generalizable across 

species (Baldwin and Grantham 2015; Calabrese 

2015). Further research could more precisely 
quantify radio sensitivity of different animal 

species thus facilitating extrapolations to 

humans (Higley et al. 2012). 

The main problems of the epidemiological 
research of low-dose low-rate exposures are 

potential bias (Jaworowski 2010; Shibamoto and 

Nakamura 2018; Watanabe et al. 2008) and the 
inter-study heterogeneity (Little et al. 2010), 

especially the uneven quality and reliability of 

studies analyzed together in reviews and meta-
analyses. The author agrees with Mark P. Little 

(2016) that studies of questionable reliability 

“should therefore probably not be used for 

epidemiologic analysis, in particular for the 
Russian worker studies considered here (Ivanov 

et al. 2006; Kashcheev et al. 2016; Azizova et 

al. 2015a; Moseeva et al. 2014)” and some 
others. The overestimation of medical 

consequences of the Chernobyl accident and 

EURT (East Urals Radioactive Trace) has been 
commented previously (Jargin 2012, 2013, 

2018). Along with the elevated cancer risk, an 

increased risk of non-neoplastic diseases 

(circulatory, respiratory, gastrointestinal) has 
been reported by the same and other researchers 

e.g. (Azimzadeh et al. 2017; Azizova et al. 

2010-2016; Ivanovo et al. 2006; Kashcheev et 
al. 2016; Krestinina et al. 2013; Moseeva et al. 

2012, 2014; Rybkina and Azizova 2016). This 

can be seen as a circumstantial evidence in favor 

of bias e.g. self-selection: dose-related 
differences in self-reporting and medical 

surveillance, which is a known phenomenon 

(McGeoghegan et al. 2008; Zablotska et al. 

2013). Individuals knowing their higher doses or 

residing in more contaminated areas would be 
averagely more motivated to visit medical 

institutions, being at the same time given more 

attention, the diagnostics thus being more 
efficient in patients with higher dose estimates. 

For example, the incidence of cerebrovascular 

diseases (CVD) was reported to be significantly 

higher among workers with total external γ-ray 
doses ≥0.2 Gy protracted over years compared 

to those exposed to lower doses (Azizova et al. 

2011). In a later publication, the same was 
claimed for the doses ≥0.1 Gy (Azizova et al. 

2015b), which can hardly be caused by radiation 

considering the dose comparisons in the next 
paragraph. The risk estimates by Azizova et al. 

(2011) were significantly higher than those in 

other studies (Rühm et al. 2019). The excess 

relative risk (ERR) for CVD per 1 Gy in the 
Mayak work force was reportedly even higher 

than that among A-bomb survivors in Japan 

(Azizova et al. 2010a; Moseeva et al. 2012), 
while for the ischemic heart disease (IHD) the 

mortality risk was comparable with that among 

A-bomb survivors (Azizova et al. 2012a), where 

the exposure was acute thus being presumably 
more efficient (Jargin 2016). Note that the self-

selection and other bias could have been active 

also among A-bomb survivors. Finally, Krestinina 
et al. (2013) found higher cardiovascular risks in 

the Techa River cohort at several hundred mGy 

compared to risks calculated using the LNT-
model (Rühm et al. 2019). In the author’s 

opinion, conclusions pertaining to the dose and 

risk tolerability should not be made on the basis 

of such findings. 

The average total γ-ray dose to male Mayak 

facility workers studied by Azizova et al. 

(2010b) and Moseeva et al. (2012) was ~0.91 
Gy while ≥90% of the Techa river cohort 

received ≤0.1 Gy protracted over years 

(Krestinina et al. 2013). For comparison, some 
studies found no evidence for excess morbidity 

and mortality of IHD in women treated by 

radiotherapy for left vs. right-sided breast cancer 

(Vallis et al. 2002). An increased risk of heart 
disease has been associated with breast tumor 

doses of 40-50 Gy and meditational doses ≥40 

Gy (UNSCEAR 2006). The BEIR (2006) Report 
concluded that “there may be some risk of 

cardiovascular morbidity and mortality for very 

high doses and high-dose-rate exposures”. 

According to the UNSCEAR (2006), given the 
inconsistent epidemiological data and the lack 

of biologically plausible mechanisms, existing 

evidence is not sufficient to establish a causal 
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relationship between ionizing radiation and 

cardiovascular disease at doses ≤1-2 Gy. The 
latter figure is probably an underestimation as 

some epidemiological data are biased, while 

doses associated with functional or 
morphological cardiovascular changes in 

experiments have been generally higher 

(UNSCEAR 1962; Schultz-Hector 1992). Of 

note, for the mortality from all diseases other 
than cancer among younger A-bomb survivors 

there was an estimated threshold dose ~1.5 Sv 

(UNSCEAR 1994). Finally, evaluating the data 
on cardiovascular mortality, it should be taken 

into account that cardiovascular diseases tend to 

be over diagnosed post mortem in unclear cases 
e.g. in the former Soviet Union, which is a 

confounding factor (Jargin 2017).  

The dose-effect relationships between low-dose 

low-rate exposures and non-neoplastic diseases 
call in question such relationships for cancer 

reported by the same and other scientists. 

Moreover, certain data indicating enhanced 
cancer risk after low-rate exposures appear 

doubtful. For example, a significantly increased 

risk of non-melanoma skin cancer was reported 

in the Mayak work force exposed to radiation at 
doses ≥2.0 Sv accumulated over prolonged 

periods (Azizova et al. 2018). For comparison, 

the Japanese A-bomb survivor non-melanoma 
skin cancer incidence dataset was consistent 

with a threshold at about 1 Sv (Little and 

Charles, 1997).  

However, an observation bias was not excluded. 

The workers and probably also doctors knew the 

individual work histories, from which 

accumulated doses could be approximately 

inferred, potentially influencing the diagnostic 

thoroughness. The skin doses were unknown in 

the study by Azizova et al. (2018). The subjects 

were exposed mainly to γ-rays having a 

relatively high penetration distance in tissues, so 

that the absorbed doses in the skin must have 

been relatively low. Accordingly, the pre-

malignant skin lesions and/or actinic keratoses 

were “very rare” in members of the study cohort 

(Azizova et al. 2018). It is known that radiation 

exposure is associated with premalignant 

epidermal changes; in particular, actinic 

keratosis can be caused by X-ray and 

radiotherapy (Gawkrodger 2004; Schmitt and 

Miot 2012). Considering the above, a causal 

relationship between radiation and skin tumors 

in the study by Azizova et al. (2018) appears 

questionable. Doubtful statements can be found 

also in preceding papers by the same authors: 

“These data suggest that chronic external 

radiation enhances the risk for IHD” 
(Azimzadeh et al. 2017). 

“It was shown that ionizing radiation is one of 

the promoters of the development of 
atherosclerosis” (Rybkina and Azizova 2016). 

“It is concluded that this study provides 

evidence for an association of lower extremity 

arterial disease incidence with dose from 
external γ-rays” (Azizova et al. 2016).  

“This study provides strong evidence of IHD 

incidence and mortality association with 
external γ-ray exposure and some evidence of 

IHD incidence and mortality association with 

internal alpha-radiation exposure” (Azizova et 
al. 2015c). 

“A significant increasing trend in circulatory 

diseases mortality with increasing dose from 

internal alpha-radiation to the liver was 
observed” (Azizova et al. 2015d).  

“The categorical analyses showed that CVD 

incidence was significantly higher among 
workers with total absorbed external γ-ray doses 

greater than 0.1 Gy compared to those exposed 

to lower doses and that CVD 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” (Azizova et al. 2014a). 

“Significant associations were observed 

between doses from external γ-rays and IHD 
and CVD incidence and also between internal 

doses from alpha-radiation and IHD mortality 

and CVD incidence” (Moseeva et al. 2014).  

“Findings are that aortal atherosclerosis 

prevalence was higher in males and females 

underwent external γ-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” (Azizova et al. 2014b). 

“There was a significantly increasing trend 

(ERR/Gy) of the IHD mortality with the total 

absorbed dose to liver from internal alpha-

radiation due to incorporated plutonium” 

(Azizova et al. 2012b). 

“A statistically significant increasing trend in 

CVD incidence with internal liver dose from 

plutonium alpha exposure was observed after 

adjustment for non-radiation factors and 

external exposure. ERR per Gy was 0.155 (95% 
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confidence interval 0.075-0.235). CVD 

incidence was statistically significantly higher 

among workers with a plutonium liver dose 

above 0.1 Gy… the incidence data point to 

higher risk estimates [in the Mayak work force] 

compared to those from the Japanese A-bomb 

survivors” (Moseeva et al. 2012). 

As a systematic error or ideological bias is 
supposed, a question cui bono (to whose profit) 

should be discussed. It is known that CA has 

been exploited to strangle nuclear energy thus 
boosting fossil fuel prices. In more developed 

countries, antinuclear resentments are supported 

by Green movements, well in agreement with 
the interests of fossil fuel producers. Today, 

however, there are no alternatives to nuclear 

energy. In the long run, nonrenewable fossil 

fuels will become more expensive, contributing 
to the excessive population growth in fossil fuel 

producing regions and poverty elsewhere. The 

nuclear power is the cleanest, safest (if 
technology is on an appropriate level) and 

practically inexhaustible source to meet the 

global energy needs (Jaworowski 2010; Jargin 
2019). 

Further monitoring of exposed populations is 

important but will hardly clarify the matter. It 

can be predicted that the screening effect, 
increasing attention of people to their own 

health and biased research will result in the 

appearance of new reports on the elevated 
registered incidence (detection rate) of cancer 

and other diseases in populations exposed to the 

elevated radiation background, both 

anthropogenic and natural, which would prove 
no causal relationship. In conclusion, the dose 

limits for public and occupational exposures to 

ionizing radiation should be based mainly on the 
objective evidence from large-scale animal 

experiments. In the author’s opinion, the current 

safety norms are exceedingly restrictive (Jargin 
2018). Elevation of the limits should be 

accompanied by measures guaranteeing their 

observance. The magnitude of individual doses 

must be as low as reasonably achievable taking 
into account economical and societal 

considerations (Rühm et al. 2019). Strictly 

observed realistic safety norms would bring 
more benefit for the public health than excessive 

restrictions that would be violated in conditions 

of disregard for laws and regulations. 
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