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It is vital to examine radiation-induced effects in children whose parents were exposed to radiation at their 
workplaces as it allows to work out standards for technogenic irradiation doses permissible for people in their 
reproductive age. It also helps to predict adverse consequences of parents being exposed to radiation for their 
children. Our goal was to analyze congenital malformations (CM) in children whose mothers were employed at 
"Mayak" Production Association (Mayak PA) and had accumulated pre-conception external gamma-radiation  
doses. Retrospective examination was performed on 1,190 people born in 1949–1969, 238 of them being chil-
dren of female workers employed at radiation-hazardous production. We achieved maximum comparability of 
groups made of children population living in Ozersk in terms of age, birth year, and parents' age at a childbirth, 
via careful sampling. CM frequency was compared with χ² criterion,  Fisher's exact criterion. We calculated 
odds relations (OR) with 95% confidence interval. To detect any latent factors, we applied factor analysis via 
principal components method with consequent Varimax normalized rotation. Gonads in female workers em-
ployed at Mayak PA were exposed to external gamma-radiation doses within 0.09–3523.7 mGy range; average 
accumulated dose was equal to 373.6 ± 34.2 mGy. Each tenth child in a group of children born by irradiated 
mothers was born by a mother who had an accumulated pre-conception external gamma-radiation dose on her 
gonads which was higher than 1 Gy. CM comparative analysis revealed that there were no statistically signifi-
cant differences between groups in terms of CM frequency in general and as per various nosologic forms. OR in 
general was equal to 0.86 (0.46–1.59); 0.88 (0.35–2.2) among boys; 0,84  
(0.36–1.94) among girls. We also detected difference in CM structure: CM of the nervous system, respiratory 
organs (23 % each), and the musculoskeletal system CM (15.3 % among all the malformations) prevailed among 
all the CM in children born by irradiated mothers; CM of the musculoskeletal system (23.3 %) and the nervous 
system (21.7 %) were most widely spread among children born by intact parents. We also noted there were gen-
der discrepancies in the CM structure in the compared groups. We didn't register any chromosome pathologies 
in both groups. CM were diagnosed in those children born by those irradiated mothers whose gonads were ex-
posed to accumulated pre-conception external gamma-radiation doses within 1.9–1635.5 mGy, with average 
dose being equal to 307.5 mGy. Factor analysis performed on children born by female workers employed at 
atomic production revealed four factors which characterized pre-concepption mothers' irradiation (21.5 % dis-
persion), antenatal children's period (17.1 % dispersion), obstetrician-gynecological case history (12.9 % dis-
persion), and mothers' bad habits, namely alcohol intake and smoking (11 %) dispersion). Given all the detected 
peculiarities, it is highly advisory to continue research on larger children's groups and longer observations pe-
riods.  
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tive age, odds relation, factor analysis. 
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Long-term industrial irradiation has its 
remote effects on workers' health; to assess 
them is a vital task both in terms of provid-
ing radiation safety for people in their re-
productive age and predicting unfavorable 
consequences for their offspring. A lot of 
authors stated in their works that cytoge-
netic effects and genomic instability could 
possibly be transferred to offspring across 
the generations [1, 2]. But at the same time 
some authors don't find any correlations 
between irradiation of gonads and genetic 
diseases occurrence in offspring [3]; they 
even think that trans-generation effects are 
not very likely to be detected in any actual 
epidemiologic situation [4]. Epidemiologic 
research which focused on parents irradia-
tion as a potential teratogenic risk factor 
was conducted among offspring of those 
who had suffered atomic bombing [5, 6]; 
among children whose parents underwent 
diagnostic and curative exposure to radia-
tion [7, 8]; offspring of  professionals who 
had contacted ionizing radiation [9–12]. In 
spite of great number of research works in 
the field, radiation-induced effects in off-
spring of irradiated parents are still being 
widely discussed. 

"Mayak" Production Association 
(Mayak PA) is the first nuclear cycle en-
terprise in our country which started its op-
erations in 1948; it is located near a closed 
town called Ozersk. Personnel cohort em-
ployed at Mayak PA has a very distinctive 
peculiarity: women account for approxi-
mately 25% of all the production staff, and 
it is a relatively big share as opposed to 
any other atomic production in Russia [13]. 
This peculiarity allows to consider off-
spring of female workers employed at 
Mayak PA to be quite representative in 
terms of assessing consequences which 
mothers' irradiation has for their children' 
bodies.  

Our research goal was to analyze 
congenital malformations (CM) in children 
born by female workers employed at 
Mayak PA who had accumulated pre-
conception doses of external gamma-
irradiation.  

Data and methods. We performed our 
retrospect research basing on the data ob-
tained from the Ozersk Children's Health 
Register, a computer database which con-
tains personal medical data (clinical, social 
and epidemiological ones) taken from chil-
dren's outpatient cards (112/u unified for-
mat) [14]. At present this Register contains 
data on 15,568 children younger than 15 
who spent their childhood in Ozersk.  

Dosimetric characteristics of parents' 
occupational irradiation were obtained 
from the "Mayak-2008 Workers Dosimet-
ric System" [15]. We applied values of ac-
cumulated pre-conception external gamma-
irradiation on ovaries. Doses of external 
gamma-irradiation were calculated as per 
Monte-Carlo technique according to indi-
vidual dosimeters readings and spatial-
energy distribution of photon radiation 
field at a workplace. To make a compari-
son, we also give values of an equivalent 
for an absorbed external gamma-irradiation 
dose on the body surface Hp (10) and pre-
conception absorbed doses of external 
gamma-irradiation on the large intestines. 

Data on health of mothers employed at 
Mayak PA, including their obstetrician-
gynecological case histories, chronic pa-
thologies, and any bad habits, were ob-
tained from patients' cards of Mayak PA 
personnel.  

To include a child into our focus 
group, we applied the following criteria: 1) 
a child should be born in Ozersk in 1949-
1969; 2) a child's mother was employed at 
Mayak PA and had an accumulated pre-
conception dose of external gamma-
irradiation on her gonads; 3) a child's fa-
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ther didn't have any accumulated doses of 
pre-conception occupational irradiation, he 
hadn't moved to Ozersk from territories 
contaminated with radiation, and he hadn't 
previously taken part in liquidation of any 
radiation disasters. As a result, our basic 
group of Mayak PA female workers' off-
spring was made up of 238 children (148 
girls and 90 boys) who corresponded to all 
the above mentioned criteria and whose 
medical documentation was available to us.  

Our reference group was created bas-
ing on data from the Ozersk Children's 
Health Register: we carefully sampled a 
control for each child from the focus 
group, the ratio being 1:4, allowing for sex, 
year of birth, parents' age at the moment 
when a child was born, and medical docu-
mentation availability.  

We applied the following criteria to 
include children into our reference group: 
1) a child should be born in Ozersk in 
1949-1969; 2) a child's parents had never 
been exposed to any occupational irradia-
tion, had never taken part in any elimina-
tion of radiation disasters and had never 
lived on territories with radiation contami-
nation. As a result, our reference group in-
cluded 952 children (592 girls and 360 
boys). The groups which were made up of 
Ozersk children population were compara-
ble in terms of scope and quality of medi-
cal services available to them, climatic and 
geographic conditions of their living, and 
possible technogenic changes in the sur-
rounding environment.  

We analyzed the category XVII "Con-
genital malformations, deformations, and 
chromosomal disorders" (codes Q00–Q99) 
in the X International Classification of 
Diseases (ICD-10) [16] in this work; we 
concentrated only on such cases when the 
malformations and diseases were first di-
agnosed in children younger than 15.  

The data were statistically analyzed 
with STATISTICA Version 10 software 
package (StatSoft, USA). The descriptive 
statistics for normally distributed signs is 
given with mean values (M) ± standard de-
viation (s); when distribution was not nor-
mal, we applied a median and interquartile 
range (25th and 75th percentiles). Frequen-
cies were  compared with χ² criterion and 
Fisher's exact test; discrepancies were con-
sidered to be valid at p<0.05. We calculat-
ed odds relation (OR) with 95% confidence 
interval. To detect any latent factors which 
explained correlations between the exam-
ined variables, we conducted a factor anal-
ysis via basic components technique with 
the consequent Varimax normalized rota-
tion [17]. We selected this rotation tech-
nique due to more obvious interpretation of 
factor loadings as opposed to other rotation 
strategies. A number of factors was deter-
mined as per Kaiser's criterion, factors' 
own values being not less than 1. Factor 
loadings being > 0.7 were considered to be 
significant for the interpretation. 

Results and discussion. Mothers of 
children from the focus group started their 
work at Mayak PA in 1948-1966. External 
gamma-irradiation doses including pre-
conception ones and intrauterine doses are 
characterized in Table 1. As doses distribu-
tion was closed to normal the Table contains 
both mean values and medians. 

The highest doses were detected 
among workers employed at Mayak PA 
during the first years of its functioning. A 
maximum dose of external gamma-
irradiation on gonads reached 3,523.7 mGy 
among irradiated mothers. An average ac-
cumulated dose of external gamma-
irradiation on gonads amounted to 
373.6±34.2 mGy among Mayak PA female 
workers. We should note that there were 
data on intrauterine irradiation of 182 chil-
dren (76.5%). The doses varied from 0.01  
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Table 1  
Characteristics of external gamma-irradiation doses accumulated by mothers  

and intrauterine doses 
Dose Doses range Mean value of a dose ± 

standard deviation 
Median 

[interquartile range] 
Dose on gonads, mGy 0,09–3523,7 373,6 ± 34,2 136,8 [29,3; 533,2] 
Dose on the large intestines, 
mGy 0,09–3898,7 388,9 ± 36,2 139,9 [30,7; 554,8] 

Dose Hp (10), mSv 0,13–4533,2 481,9 ± 43,9 191,1 [37,8; 731,3] 
Dose in utero, mGy 0,01–261,9 25,8 ± 2,8 8,4 [0,56; 28,2] 

Table 2  
Distribution of offspring depending on an accumulated pre-conception dose of  

external γ – irradiation on mother's gonads 
Dose range, 

mGy 

Focus group overall (n=238)  Boys (n=90) Girls (n=148) 

Abs.   %  Average dose, 
mGy Abs.  %  Average dose, 

mGy Abs.  %  Average dose, 
mGy 

0,01–25,0 54 22,7 8,6 22 24,4 10,4 32 21,6 7,3 
25,1–100,0 56 23,5 53,1 18 20,0 47,1 38 25,7 55,9 
100,1–250,0 26 10,9 165,4 8 8,9 183,9 18 12,2 157,2 
250,1–500,0 36 15,1 358,7 15 16,7 362,9 21 14,2 355,7 
500,1–1000,0 43 18,1 703,6 18 20,0 686,8 25 16,9 715,7 
>1000,0 23 9,7 1652,3 9 10,0 1744,6 14 9,4 1592,9 
Всего 238 100 373,6 90 100 400,6 148 100 357,1 

 

to 261.9 mGy; an average dose amounted 
to 25.8±2.8 mGy, as mothers were exposed 
to radiation at early stages of their preg-
nancies. 

Pre-conception irradiation of female 
workers employed at Mayak PA which we 
observed can be explained not only by im-
perfect production technology, very tight 
production schedules existing at enterprises 
in the state defense sphere, and absence of 
any experience in working with sources of 
ionizing radiation, but also with the con-
cepts on permissible radiation exposure at 
production which existed at that time. Dis-
tribution of offspring depending on a 
mother's pre-conception external gamma-
irradiation dose on gonads is given in Ta-
ble 2. 

Most children were born within moth-
ers' irradiation range up to 100 mGy, and 
their distribution as per sex was different. 
Almost one quarter of boys (24.4%) were 
born by workers with an accumulated pre-
conception dose of external gamma-

irradiation on their gonads up to 25 mGy, 
while girls' mothers in more than one 
quarter of cases (25.7%) had an accumu-
lated dose on their gonads which was 
within 25.1 - 100 mGy range. Each tenth 
child was born by a mother with an accu-
mulated external gamma-irradiation dose 
on their gonads being more than 1 Gy. 

CM analysis in children born by moth-
ers who were exposed to occupational irra-
diation revealed that 13 CM cases in 12 
children out of 238 live-birth infants were 
registered (one child had both cerebral 
malformations and the larynx malfor-
mations). As for the reference group, 60 
malformations were registered in 55 chil-
dren out of 952 (one child had three differ-
ent malformations, and two children had 
two CM each). Data on CM distribution as 
per systems in both groups are given in 
Table 3.  

We didn't reveal any statistically sig-
nificant discrepancies either in overall CM 
frequency or in the groups (p>0.05). In or-
der to check a hypothesis on a possible  
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T a b l e  3  
CM structure in the compared groups 

CM  
(as per ICD-10) 

Focus group Reference group 
Boys 

(n=90) 
Girls 

(n=148) 
Both sexes 

(n=238) 
Boys 

(n=360) 
Girls 

(n=592) 
Both sexes 

(n=952) 
Abs. % Abs. % Abs. % Abs. % Abs. % Abs. % 

CM in the nervous system 
(Q00-Q07) 2 33,3 1 14,3 3 23,1 6 22,2 7 21,2 13 21,7 

CM of the eyes, ears, face 
and neck (Q10-Q18) 0 0 0 0 0 0 7 25,9 2 6,1 9 15,0 

CM in the circulation sys-
tem (Q20-Q28) 0 0 1 14,3 1 7,7 3 11,1 6 18,2 9 15,0 

CM in the respiratory or-
gans (Q30-Q34) 2 33,3 1 14,3 3 23,1 1 3,7 1 3,0 2 3,3 

Cleft lip and cleft palate 
(Q35-Q37) 0 0 0 0 0 0 2 7,4 0 0 2 3,3 

Other congenital anomalies 
in the digestive organs 
(Q38-Q45) 

0 0 1 14,3 1 7,7 5 18,5 1 3,0 6 10,0 

CM in the genitals (Q50-
Q56) 1 16,7 0 0 1 7,7 1 3,7 0 0 1 1,7 

CM in the urogenital sys-
tem (Q60-Q64) 0 0 1 14,3 1 7,7 0 0 0 0 0 0 

CM in the musculoskeletal 
system 
(Q65-Q79) 

1 16,7 1 14,3 2 15,3 2 7,4 12 36,4 14 23,3 

Other CM (Q80-Q89) 0 0 1 14,3 1 7,7 0 0 4 12,1 4 6,7 
Chromosomal anomalies 
not classified in other cate-
gories (Q90-Q99) 

0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL 6 100 7 100 13 100 27 100 33 100 60 100 
 

influence exerted by mother's pre-
conception irradiation on CM occurrence 
in children, we calculated odds relation 
with 95% confidence interval. OR value in 
the compared groups showed there was no 
statistically significant correlation between 
mothers' occupational irradiation and mal-
formations in their children: OR without 
division by sex amounted to 0.86 (0.46–
1.59); OR value among boys was 0.88 
(0.35–2.2); OR value among girls, 0.84 
(0.36–1.94).  

We should note that our analysis of 
outpatient cards which contained exacted 
diagnoses up to an age of 15 years inclu-
sive helped us to allow for malformations 

which were diagnosed not only at a child's 
birth but also at older ages.  

CM in the nervous system and the res-
piratory organs were most frequently diag-
nosed among children born by irradiated 
mothers (23.1% of all the malformations in 
the overall focus group). Three cases of 
microcephalia were registered among CM 
in the nervous system. Congenital malfor-
mations in the respiratory organs were 
congenital larynx stridor, congenital pul-
monary collapse, and nose sinuses hypo-
plasia. CM in the musculoskeletal system 
took the second place among children born 
by irradiated mothers (15.1% of all the 
malformations); they were ribs anomalies 
and the navicular bone anomaly. CM in the 
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circulatory system, digestive organs and 
urogenital organs have equal shares, 7.7% 
each.  

CM structure among boys was differ-
ent from that among girls. Thus, CM in the 
nervous system and respiratory organs 
were registered among boys more fre-
quently, 2 cases each (33.3%), while we 
detected similar shares (14.3%) of CM in 
the nervous system, respiratory organs, di-
gestive organs, circulatory system, uro-
genital system, and the musculoskeletal 
system among girls. 

A case of microcephalia with the right 
hemisphere atrophy was detected in the 
boys sub-group. A number of authors [18, 
19] state that cerebral damages occurring at 
the early stages of ontogenesis are the lead-
ing cause of perinatal mortality and ac-
count for 60-70% of children neurologic 
pathology; they also mention that neuro-
logical symptomatology in children with 
cerebral malformations is polymorphic and 
non-specific.  

A combined congenital heart disease 
(Botallo's duct non-closure and interatrial 
septum defect) was detected among girls. 
A CM in the urogenital system with an ab-
normal ureter passage was diagnosed in a 
girl suffering from obstructive chronic pye-
lonephritis. We didn't detect any chromo-
some pathologies in children born by 
Mayak PA female workers. 

As for the reference group, CM were 
most frequently registered there in the 
musculoskeletal system (23.3%); they were 
congenital thigh deformations, dentofacial 
anomalies, and disorders in sternocleido-
mastoid muscle development. The second 
place belonged to CM in the nervous sys-
tem (21.7%) with 6 microcephalia cases 
among them. CM in the eyes, ears, face 
and neck (Q10-Q18) and CM in the circu-
latory system made equal contributions 

(15% each) in the CM structure among 
children born by intact parents.  

Boys born in families where parents 
weren't exposed to any production irradia-
tion most frequently (25.9%) had eyes 
anomalies, such as congenital cataract, lac-
rimal apparatus malformations, and ear 
anomalies. Two children had cleft palates. 
CM in the digestive organs among boys in 
this group were represented by a congenital 
hypertrophic pyloric stenosis and Hirsch-
sprung's disease.  

CM in the musculoskeletal system 
were most frequently registered among 
girls in the reference group (36.4%); most 
of them were congenital thigh malfor-
mations. We detected three rare congenital 
malformations among those girls: acoustic 
meatus atresia, congenital erythroblastosis, 
and internal organs inversion (Situs visce-
rum inversus). We didn't detect any chro-
mosome anomalies in the reference group 
either. Genitals malformations in both 
groups were represented by single cryptor-
chism cases. 

We compared congenital frequency as 
per nosologic forms and didn't detect any 
significant discrepancies both in overall 
groups and in boys and girls sub-groups  
(p>0.05). The data on CM structure pre-
sented here are a bit different from national 
statistics and EUROCAT international reg-
ister where the greatest contribution into 
CM structure is made by CM in the circu-
lation system, musculoskeletal system, and 
urogenital system [20, 21]. However, rela-
tively small number of CM in the exam-
ined groups doesn't allow us to make any 
ultimate conclusions. 

CM cases in the focus group were reg-
istered within mothers' pre-conception 
doses range of 1.9-1,635.5 mGy of external 
gamma-irradiation on gonads, an average 
accumulated dose amounted to 307.5 mGy. 
Given the concept of the true threshold for 
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CM induction which is equal to 100 mGy 
[22], in future we plan to analyze depend-
ence of CM in children on a pre-
conception dose accumulated by their 
mothers. 

Undoubtedly, apart from parents expo-
sure to radiation, there are multiple exo- 
and endogenous factors which can be tera-
togenic; such factors include a mother's 
health prior to conception, parents' age at 
the moment a child was born, mother's bad 
habits, data on pregnancy course, gestation 
terms etc. Scientists are still searching for 
possible teratogenic factors and assessing 
their influences on an embryo. Thus, C.  
Malagoli et al [23] analyzed magnetic 
fields effects; J.A. Makelarski et al [24] 
described increased risks of anencephalia 
and encephalocele caused by cumulative 
pesticides effects; C.A. Snijder et al [25] 
focused on congenital heart diseases risks 
caused by a father's pre-conception expo-
sure to chemicals; G. Vermes et al.[26] 
consider acute and chronic infectious dis-
eases of mothers as leading anorectal mal-
formations causes.  

In order to reveal non-radiation terato-
genic factors in both children groups, we 
analyzed pre-morbid background including 
data on gestation age, anthropometric pa-
rameters of newborns, obstetrician-
gynecologic case histories of their mothers, 
and mothers' chronic pathologies. 

195 children (81.9%) among those 
born by Mayak PA female workers were 
full-term; there were 756 full-term children 
(79.4%, p>0.05) in the reference group; 
prematurity was detected in 8 (3.4%) new-
born infants in the focus group and in 40 
(4.2%) newborns in the reference group 
(p>0,05). Multiple pregnancy in the focus 
group was detected in 4 cases (1.7%), and 
there was no statistically significant dis-
crepancy with the reference group (14 cas-
es 1.5%). Deliveries were normal in 186 

cases (78.2%) in the focus group and in 
768 cases (80.7%, p>0.05) in the reference 
group. Abnormal deliveries and cesarean 
operations were detected in 11 (4.6%) cas-
es in the focus group and 26 (2.7%) cases 
in the reference group (p>0.05). Distribu-
tion as per an ordinal number of a pregnan-
cy didn't have any statistically significant 
differences in both groups: first-time 
mothers prevailed in them (p>0.05), the 
second and the following births were regis-
tered for 79 (33.2%) female workers em-
ployed at Mayak PA and 283 (29.7%) of 
women who were not exposed to occupa-
tional irradiation, p>0.05. Average age of a 
mother at the moment of childbirth 
amounted to 26.5 in both groups. Anthro-
pometric parameters in newborns from 
both groups in general didn't have any sta-
tistically significant discrepancies. 

We analyzed bad habits of Mayak PA 
female workers and revealed that smoking 
mothers accounted for only 5.9% (14 peo-
ple); most women (78.2% or 186 people) 
had utterly negative attitudes towards 
smoking; smoking status of the remaining 
15.9% (38 people) wasn't known. 58.4% 
(139 people) didn't drink alcohol at all; 
6.7% (16 people) drank very little; 10.1% 
(24 people) were moderate drinkers; 3.4% 
(8 people) were heavy drinkers; there were 
2 registered cases of chronic alcoholism 
(0.8%); there is no information about the 
remaining women. 

86 (36.1%) mothers of children in the 
focus group had problems in their obstetri-
cian-gynecological case histories, such as 
abortions, acute and chronic gynecologic 
pathology prior to conception. Two moth-
ers of children from the focus group had 
stillbirths in their case histories; we detect-
ed 16 stillbirths among mothers of children 
from the reference group, p>0.05. Accord-
ing to data taken from outpatient cards of 
female workers employed at Mayak PA, 
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123 (51.7%) women suffered from chronic 
somatic pathologies, which mostly were 
chronic pathologies in the gastrointestinal 
tract, bronchopulmonary diseases, and 
chronic tonsillitis. 

In order to reveal any latent factors 
which explained correlations between the 
examined variables, we performed a factor 
analysis in the focus group applying basic 
components technique with Varimax nor-
malized rotation (Table 4).  

Table 4  
Results of factor analysis performed on the focus group 

Factor Loadings (Varimax normalized) Extraction: Principal components (Marked loadings are >,700000) 
Variables Factor - 1 Factor - 2 Factor - 3 Factor - 4 

Mother's age at the moment of childbirth 0,234932 –0,099351 0,604849 0,004919 
Number of previous pregnancies –0,075804 –0,063024 0,895051 0,020828 
Number of previous abortions –0,045748 0,142250 0,858895 –0,022471 
Gestation age 0,038028 0,850093 0,087218 0,033758 
Multiple pregnancy –0,035862 0,821534 0,096067 –0,069278 
Parity of delivery –0,004183 0,798718 0,088540 0,046689 
Family's living conditions 0,028691 0,260954 0,346532 0,209597 
External gamma-irradiation dose in utero 0,320166 –0,211909 –0,277238 0,169278 
Alcohol intake by a mother  0,100919 0,026284 –0,044865 0,876280 
Smoking status of a mother 0,095016 –0,009167 0,003251 0,900915 
Dose on gonads* 0,990472 0,027625 0,059691 0,029901 
Dose on the large intestines* 0,990072 0,025616 0,055103 0,024006 
Dose Hp (10)* 0,990920 0,032839 0,059017 0,028047 
Chronic somatic diseases of a mother 0,018702 0,384251 –0,175641 –0,081635 
The current pregnancy course 0,131938 0,095392 –0,115523 –0,193230 
Expl.Var 3,149281 2,342627 2,182580 1,707441 
Prp.Totl 0,209952 0,156175 0,145505 0,113829 

Note: * means mother's accumulated absorbed doses of external gamma-irradiation. 
 
4 complex independent factors were 

spotted out among 15 features in the group 
of children born by mothers employed at 
Mayak PA. The total share of the explained 
dispersion amounted to 62.5%. The most 
significant factor was that related to moth-
ers' pre-conception irradiation as it made 
the greatest contribution (21.5%) into the 
dispersion; factor loadings of such varia-
bles as "Dose on gonads", "Dose on the 
large intestines", and 'Dose Hp (10)" were 
also high (0.99 each). 

The second factor included gestation 
age of a child, multiple pregnancy, and 
parity of delivery (factor loadings were 
0.85, 0.82 and 0.79 correspondingly). It 
accounted for 17.1% of the overall disper-
sion. The greatest loadings in the third fac-
tor were represented by the variables which 

characterized a mother's obstetrician case 
history, a number of previous pregnancies 
and abortions; this factor accounted for 
12.9% of the overall dispersion. The least 
contribution into the dispersion (11%) was 
made by the factor characterizing bad hab-
its of a mother, alcohol intake and smoking 
(factor loadings were 0.87 and 0.9 corre-
spondingly). P.M. Sullivan at al. [27] ex-
amined 14,128 congenital heart diseases 
cases against 60,938 control cases and 
proved that smoking during pregnancy was 
a risk factor for certain phenotypes of con-
genital heart diseases. 

To make a comparison, we conducted 
a factor analysis according to the same 
procedures on the reference group which 
included children born by intact mothers. 
As a result, two factors with their overall 
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share of the explained dispersion equal to 
63.8% were detected in this group. The 
second factor included gestation age of a 
child, multiple pregnancy, and parity of 
delivery, accounted for 38.4% of the over-
all dispersion (factors loading were 0.86, 
0.9 and 0.79 correspondingly). The second 
factor was related to a parity of pregnan-
cies and a number of previous abortions 
(factor loadings were 0.89 and 0.8 corre-
spondingly). The second factor accounted 
for 25.4% of the overall dispersion. 

It is interesting to note that after all the 
variables which described mother's occu-
pational pre-conception irradiation were 
excluded, factors solution among children 
born by Mayak PA female workers became 
similar to that existing in the reference 
group: contributions made by a mother's 
obstetrician case history and their chil-
dren's antenatal period remained signifi-
cant and explained 61.8% of the overall 
dispersion. Therefore, the factor analysis 
performed with basic components tech-
nique allowed to reveal latent factors 
which explained correlations between the 
observed features in the group of children 
born by Mayak PA female workers. 

Conclusion. We performed retrospect 
analysis of CM in 1,190 children aged un-
der 15, 238 of them being born by mothers 
who had accumulated pre-conception doses 
of external gamma-irradiation. The analy-
sis revealed that: 

1) there were no statistically significant 
discrepancies in CM frequency both over-
all and as per nosologic forms between two 
groups: overall, OR amounted to 0.86 
(0.46–1.59); OR among boys, 0.88 (0.35–
2.2); OR among girls, 0.84 (0.36–1.94); 

2) there were some discrepancies in 
CM structure: CM in the nervous system 
and respiratory organs (23% each ) and 
CM in the musculoskeletal system (15.3%) 
prevailed among children born by irradiat-

ed mothers; CM in the musculoskeletal 
system (23.3%) and CM in the nervous 
system (21.7%) prevailed among children 
born by intact parents; 

3) there were some sex-depending dis-
crepancies in the CM structure: CM in the 
nervous system and respiratory organs 
were more frequently registered among 
boys from the focus group (33.3% each) 
while contribution made into CM structure 
by CM in the nervous system, respiratory 
organs, digestive organs, circulatory sys-
tem, urogenital system, and the musculo-
skeletal system were the same among girls 
(14.3% each).  

4) there were no chromosome patholo-
gies in either group;  

5) CM were diagnosed in children born 
by mothers with accumulated pre-
conception doses of external gamma-
radiation on their gonads within 1.9–
1,635.5 mGy, an average dose being equal 
to 307.5 mGy. 

Factor analysis performed on the 
group of children born by female workers 
employed at atomic production spotted out 
4 factors characterizing mothers' pre-
conception irradiation (21.5% of the dis-
persion), offspring's antenatal period 
(17.1% of the dispersion), obstetrician-
gynecological case history (12.9% of the 
dispersion), and bad habits of mothers, 
such as alcohol intake and smoking (11% 
of the dispersion). After we excluded all 
the variables which characterized mothers' 
pre-conception occupational irradiation, 
factors solution in the compared groups 
didn't have any significant discrepancies. 

Damaging factors are multiple and 
variable, and it doesn't always allow to get 
a clear concept of what actually prevails in 
CM etiology [20, 28, 29] and to confirm 
the leading role which parents' irradiation 
plays in CM induction. If we take bigger 
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offspring groups and an extended period of 
observations, it will allow us to continue 
analyzing remote consequences of parents' 
occupational irradiation including quantita-

tive assessment of the contribution made 
by mothers' pre-conception irradiation into 
CM risks run by their offspring. 

 
 

References 

1. Rusinova G.G., Glazkova I.V., Azizova T.V., Osovets S.V., Vyazovskaya N.S. Izuchenie 
nestabil'nosti genoma potomkov v sem'yakh rabotnikov PO «Mayak»: Minisatellit SEV 1 [Analy-
sis of genome instability in offspring of Mayak workers' families: Minisatellite CEB]. Genetika, 
2014, vol. 50, no. 11, pp. 1354–1362 (in Russian). 

2. Baleva L.S., Nomura T., Sipiagina A.E., Karakhan N.M., Iakusheva E.N., Egorova N.I. 
Tsitogeneticheskie effekty i vozmozhnosti ikh transgeneratsionnoi peredachi v pokoleniiakh lits, 
prozhivaiushchikh v regionakh radionuklidnogo zagriazneniia posle avarii na Chernobyl'skoi 
AES [Cytogenetic effects and possibilities of their transgenerational transfer in the generations 
of persons living in radionuclide polluted areas after the Chernobyl accident]. Rossiiskii vestnik 
perinatologii i pediatrii, 2016, vol. 61, no. 3, pp. 87–94 (in Russian). 

3. Sadetzki S., Flint-Richter P. Transgenerational effects of parental exposure to ionizing 
radiation. Harefuah, 2006, vol. 145, no 7, pp. 516–521. 

4. Koterov A.N., Biryukov A.P. Deti uchastnikov likvidatsii posledstvii avarii na Cherno-
byl'skoi atomnoi elektrostantsii. Soobshchenie 2. Chastota otklonenii i patologii i ikh svyaz' s 
neradiatsionnymi faktorami [The Offspring of Liquidators of Chernobyl Atomic Power Station 
Accident 2. The Frequency of Anomalies and Pathologies and its Connection to Non-Radiation 
Factors]. Meditsinskaya radiologiya i radiatsionnaya bezopasnost'. 2012, vol. 57, no. 2, pp. 51–
77 (in Russian). 

5. Otake M., Schull W.J., Neel J.V. Congenital Malformations, Stillbirths, and Early Mor-
tality among the Children of Atomic Bomb Survivors: A Reanalysis. Radiat. Res., 1990, vol. 
122, pp. 1–11. 

6. Tatsukawa Y., Cologne J.B., Hsu W.L., Yamada M., Ohishi W., Hida A., Furukawa K., 
Takahashi N., Nakamura N., Suyama A., Ozasa K., Akahoshi M., Fujiwara S., Shore R. Radia-
tion risk of individual multifactorial diseases in offspring of the atomic-bomb survivors: a clini-
cal health study. J. Radiol. Prot., 2013, vol. 33, no. 2, pp. 281–293. 

7. Signorello L.B., Mulvihill J.J., Green D.M., Munro H.M., Stovall M., Weathers R.E., 
Mertens A.C., Whitton J.A., Robison L.L., Boice J.D. Congenital anomalies in the children of 
cancer survivors: a report from the childhood cancer survivor study. J. Clin. Oncol, 2012, vol. 
30, no. 3, pp. 239–245.  

8. Lim H., Beasley C.W., Whitehead L.W., Emery R.J., Agopian A.J., Langlois P.H., Wal-
ler D.K. Maternal exposure to radiographic exams and major structural birth defects. Birth De-
fects Res. A Clin. Mol. Teratol, 2016, vol. 106, no. 7, pp. 563–572. 

9. Osipov V.A., Lyaginskaya A.M., Petoyan I.M., Ermalitskii A.P., Karelina N.M. Vrozh-
dennye poroki razvitiya u detei personala Smolenskoi AES i ikh svyaz' s professional'nym oblu-
cheniem ottsov [Innate Development Defects in Children of Smolensk NPP Personnel and their 
Connection with the Occupational Exposure to the Fathers]. Meditsinskaya radiologiya i radi-
atsionnaya bezopasnost', 2014, vol. 59, no. 4, pp. 18–24 (in Russian). 

10. Lim H., Agopian A.J., Whitehead L.W., Beasley C.W., Langlois P.H., Emery R.J., 
Waller D.K. Maternal occupational exposure to ionizing radiation and major structural birth de-
fects. Birth Defects Res. A Clin. Mol. Teratol,2015, vol. 103, no. 4, pp. 243–254. 



Consequences which mothers' irrasiation has: risks of children's congenital malformations 

ISSN (Eng-online) 2542-2308    ISSN (Rus-print) 2308-1155    ISSN (Rus-online) 2308-1163     57

11. Green L.M., Dodds L., Miller A.B., Tomkins D.J., Li J., Escobar M. Risk of congenital 
anomalies in children of parents occupationally exposed to low level ionising radiation. Occup. 
Environ. Med., 1997, vol. 54, no. 9, pp. 629–635. 

12. Wiesel A., Stolz G., Queisser-Wahrendorf A. Evidence for a teratogenic risk in the off-
spring of health personnel exposed to ionizing radiation?! Birth Defects Res. A Clin. Mol. Teratol., 
2016, vol. 106, no. 6, pp. 475–479. 

13. Koshurnikova N.A., Shil'nikova N.S., Okatenko P.V., Kreslov V.V., Bolotnikova 
M.G., Sokol'nikov M.E., Romanov S.A., Khokhryakov V.F., Suslova K.G., Vasilenko E.K. 
Kharakteristika kogorty rabochikh atomnogo predpriyatiya PO «Mayak» (chast' II) [Description 
of the Cohort of the Nuclear Industry Enterprise «Mayak» PA (Part II)]. Voprosy radiatsionnoi 
bezopasnosti, 1998, no. 3, pp. 48–58 (in Russian). 

14. Sosnina S.F., Kabirova N.R., Okatenko P.V., Rogacheva S.A., Tsareva Yu.V., Gruzdeva 
E.A., Sokol'nikov M.E. Registr zdorov'ya detskogo naseleniya g. Ozerska: rezul'taty razrabotki, 
printsipy vedeniya, vozmozhnosti i perspektivy [Ozyorsk children’s health registry: development 
results, management guidelines, potential and prospects]. Meditsina ekstremal'nykh situatsii, 2017, 
vol. 61, no. 3, pp. 95–103 (in Russian). 

15. Vasilenko E.K. Dozimetriya vneshnego oblucheniya rabotnikov PO «Mayak»: pribory, 
metody, rezul'taty [The sources and the effects of exposure of PA “Mayak” workers and the 
population living in the zone of the enterprise influence]. Istochniki i effekty oblucheniya rabot-
nikov PO «Mayak» i naseleniya, prozhivayushchego v zone vliyaniya predpriyatiya [Sources 
and effects of irradiation exerted on workers employed at "Mayak" Production Association and 
population living in a zone influenced by it]. In: M.F. Kiselev, S.A. Romanov, eds. Chelyabinsk, 
Chelyabinskii dom pechati Publ., 2009, part 1, pp. 51–100 (in Russian). 

16. Mezhdunarodnaya statisticheskaya klassifikatsiya boleznei i problem, svyazannykh so 
zdorov'em. Desyatyi peresmotr, tom 1 (chast' 2) [International Diseases Classification. Tenth 
Revision, volume 1 (part 2)]. Moscow, Medicina Publ., 1995, 633 p. (in Russian). 

17. Bureeva N.N. Mnogomernyi statisticheskii analiz s ispol'zovaniem PPP «Statistica» 
[The multivariate statistical analysis using the software package "Statistica"]. Nizhnii Novgorod, 
2007, 112 p. (in Russian). 

18. Domanin E.I., Volosnikov D.K., Maslennikova N.V., Bogdanova L.B. Chastota poro-
kov golovnogo mozga u novorozhdennyh  [The frequency of brain malformations in newborns]. 
Rossiiskii vestnik perinatologii i pediatrii, 2000,vol. 45, no. 2, pp. 28–31 (in Russian). 

19. Poretti A., Huisman T.A.G.M., Boltshauser E. Congenital brain abnormalities: an 
update on malformations of cortical development and infratentorial malformations. Seminars 
in Neurology, 2014, vol. 34, no. 3, pp. 239–248. 

20. Baibarina E.N., Sorokina Z.Kh., Kogan E.A. Analiz faktorov, opredelyayushchikh 
razlichiya perinatal'nykh poter' pri vrozhdennykh anomaliyakh razvitiya v regionakh Rossiiskoi 
Federatsii (po dannym gosudarstvennoi i vedomstvennoi statistiki) [The analysis of the factors 
defining distinctions of perinatal losses at congenital anomalies of development in regions of the 
Russian Federation (according to the state and departmental statistics)]. Voprosy sovremennoi 
pediatrii, 2012, vol. 11, no. 5, pp. 7–11 (in Russian). 

21. Demikova N.S., Lapina A.S. Vrozhdennye poroki razvitiya v regionakh Rossiiskoi Fed-
eratsii (itogi monitoringa za 2000–2010 gg.) [Congenital malformations in the regions of the Rus-
sian Federation: Results of monitoring results for 2000–2010]. Rossijskij vestnik perinatologii i 
pediatrii, 2012, vol. 57, no. 2, pp. 91–98 (in Russian). 

22. Publikatsiya 103 Mezhdunarodnoi Komissii po radiatsionnoi zashchite (MKRZ) [Rec-
ommendations of the International Commission on Radiological Protection. ICRP Publication 
103]. In: M.F. Kiselev, N.K. Shandala, eds. – Moscow, OOO PKF «Alana» Publ., 2009, 344 p. 
(in Russian). 



S.F. Sosnina, P.V. Okatenko 

Health Risk Analysis. 2018. no. 1 58

23. Malagoli C., Crespi C.M., Rodolfi R., Signorelli C., Poli M., Zanichelli P., Fabbi S., 
Teggi S., Garavelli L., Astolfi G., Calzolari E., Lucenti C., Vinceti M. Maternal exposure to 
magnetic fields from high-voltage power lines and the risk of birth defects. Bioelectromagnetics, 
2012, vol. 33, no. 5, pp. 405–409. 

24. Makelarski J.A., Romitti P.A., Rocheleau C.M., Burns T.L., Stewart P.A., Waters 
M.A., Lawson C.C., Bell E.M., Lin S., Shaw G.M., Olney R.S. Maternal periconceptional occu-
pational pesticide exposure and neural tube defects. Birth. Defects. Res. A Clin. Mol. Teratol., 
2014, vol. 100, no. 11, pp. 877–886. 

25. Snijder C.A., Vlot I.J., Burdorf A., Obermann-Borst S.A., Helbing W.A., Wildhagen M.F., 
Steegers E.A., Steegers-Theunissen R.P. Congenital heart defects and parental occupational ex-
posure to chemicals. Hum. Reprod., 2012, vol. 27, no. 5, pp. 1510–1517. 

26. Vermes G., Laszlo D., Matrai A., Czeizel A.E., Acs N. Maternal factors in the origin 
of isolated anorectal malformations – a population-based case-control study. J. Matern. Fetal. 
Neonatal. Med., 2016, vol. 29, no. 14, pp. 2316–2321.  

27. Sullivan P.M., Dervan L.A., Reiger S., Buddhe S., Schwartz S.M. Risk of congenital 
heart defects in the offspring of smoking mothers: a population-based study. J. Pediatr, 2015, 
vol. 166, no. 4, pp. 978–984.  

28. Nimgirova A.S., Naberezhnaya Zh.B., Serdyukov A.G. Faktory razvitiya vrozhden-
nykh porokov u detei [Factors of congenital malformations in children]. Zhurnal nauchnykh 
statei «Zdorov'e i obrazovanie v XXI veke», 2016, vol. 18, no. 1, pp. 205–208 (in Russian).  

29. Harris B.S.,  Bishop K.C., Kemeny H.R.,  Walker J.S.,  Rhee E., Kuller J.A. Risk Fac-
tors for Birth Defects. Obstet. Gynecol. Surv., 2017, vol. 72, no. 2, pp. 123–135. 

 
 
Sosnina S.F., Okatenko P.V. Consequences which mothers' irrasiation has: risks of chil-

dren's congenital malformations. Health Risk Analysis, 2018, no. 1, pp. 47–58. DOI: 
10.21668/health.risk/2018.1.06.eng 

 
 
Received: 31.01.2018 
Accepted: 16.03.2018 
Published: 30.03.2018 
 
 
 
 


