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ARTICLE INFO ABSTRACT

The extensive literature review on human epidemiological studies suggests that low dose ionizing radiation
(LDIR) (=100 mSv) or low dose rate ionizing radiation (LDRIR) (< 6mSv/H) exposure could induce either
negative or positive health effects. These changes may depend on genetic background, age (prenatal day for
embryo), sex, nature of radiation exposure, i.e., acute or chronic irradiation, radiation sources (such as atomic
bomb attack, fallout from nuclear weapon test, nuclear power plant accidents, ®°Co-contaminated building,
space radiation, high background radiation, medical examinations or procedures) and radionuclide components
and human epidemiological experimental designs. Epidemiological and clinical studies show that LDIR or LDRIR
exposure may induce cancer, congenital abnormalities, cardiovascular and cerebrovascular diseases, cognitive
and other neuropsychiatric disorders, cataracts and other eye and somatic pathology (endocrine, broncho-
pulmonary, digestive, etc). LDIR or LDRIR exposure may also reduce mutation and cancer mortality rates. So far,
the mechanisms of LDIR- or LDRIR -induced health effect are poorly understood. Further extensive studies are
still needed to clarify under what circumstances, LDIR or LDRIR exposure may induce positive or negative
effects, which may facilitate development of new therapeutic approaches to prevent or treat the radiation-
induced human diseases or enhance radiation-induced positive health effect.
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1. Introduction

Low dose radiation is ubiquitous in our environment. With in-
creased abusive use of X-ray computed tomography (CT scan) for
medical diagnosis and radiotherapy, the hospital stockpile of nuclear
waste is increased tremendously and is now the largest man-made
source of radiation exposure to the general population, which con-
tributes about 14% of the total annual exposure worldwide from all
sources. Medical radiation from X-rays and nuclear medicine accounts
for a mean effective dose of 3.0 mSv per capita per year in Western
countries, similar to the radiological exposure of 150 chest X-rays.
Approximately 30 million workers are professionally exposed to ra-
diation, and of these, the interventional fluoroscopists (cardiologists
and radiologists) are among the most exposed. In fact, their annual
exposure is equivalent to 5 mSv per year that would lead to a projected
lifetime cancer risk of 1 in 100 after 20-30 years of work (Marazziti
et al.,, 2012). Among patients who underwent cardiac imaging proce-
dures in the Unisted State, the mean cumulative effective dose over 3
years was 23.1 mSv (range 1.5-543.7 mSv) (Chen et al., 2010). A recent
study of almost 1,000,000 non-elderly adults in healthcare markets

across the United States showed that a considerable number of patients
received up to 0.05 Sv/year, a considerable value, given the reference
levels for emergency provided by the International Commission on
Radiation Protection (ICRP) is among —0.02-0.05 Sv/year (Fazel et al.,
2009; Squillaro et al., 2018).

Previous study indicated that ~0-5% of cancer deaths were attri-
butable to diagnostic X-rays in the USA about 30 years ago (Doll and
Peto, 1981). Increased construction of more nuclear power plants
worldwide and subsequently potential nuclear accidents, occupational
radiation exposure, frequent-flyer risks, manned space exploration and
possible radiological terrorism have made LDIR/LDRIR research much
more imperative and urgent nowadays than ever before, which may
explain why many new low dose radiation research institutes have been
established recently in different countries worldwide. While high dose
radiation-induced human diseases are well known, the effect of LDIR or
LDRIR on human health is still underway for extensive scientific re-
search. Available data indicate that LDIR or LDRIR may induce cancer
(Hatch &Susser, 1990; Cardis et al., 2005; Busby et al., 2009; Shah
et al., 2012), cataract (Ainsbury et al., 2009), cardiovascular diseases
(Sumner, 1990, 2007) and long-term psychological consequences
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