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Southern Urals Biophysics Institute, 19 Ozyorskoe shosse, Ozyorsk, Chelyabinsk region, 456783, Russian Federation

Infant mortality is an indicator of healthcare quality and social well-being in a society and could be used as an impor-
tant parameter in assessing the effects produced by parental occupational exposures on the offspring health.

The objective of the study: to analyze the risk of infant mortality in the cohort of the I* generation offspring of the
workers of Mayak Production Association (PA), the first atomic production facility in Russia.

Infant mortality and its components were analyzed in a cohort of children (n = 24,780) born in 1949-1973; the main
group comprised 14,435 offspring of Mayak PA workers, the comparison group contained 10,345 children of unexposed
parents. Incidence and relative risk of early and late neonatal, postneonatal and infant mortality were assessed taking into
account the offspring sex, calendar period of birth, nosologies, parental age, categories of accumulated doses of parental
preconception occupational exposure. Relative risk was calculated with 95 % confidence interval.

A higher incidence of postneonatal and infant mortality as a whole was established among the offspring of unexposed
parents. Infectious pathology as a cause of death was registered among the offspring of Mayak PA workers statistically sig-
nificantly less often than in the comparison group. Infant mortality rate in the main group was lower in parental age catego-
ries of 21-25 and 31-35 years as well as among younger fathers. A higher rate of infant mortality in certain categories of
accumulated doses of occupational preconception gamma-exposure was caused by the contribution of infectious nosologies.

Infant mortality due to malignant neoplasms in the main group requires further epidemiological analysis.
A retrospective analysis demonstrated higher rates of infant mortality and of its components among the children of un-
exposed parents that could be possibly explained through the “healthy worker effect” and better social well-being of Mayak

PA personnel.

Keywords: infant mortality, early neonatal death, late neonatal death, postneonatal death, radiation-hazardous pro-
duction, Mayak PA, offspring of exposed parents, preconception exposure, gamma-exposure, doses to the gonads.

Medical and demographic rates of infant,
children and maternal mortality are the indica-
tors of population health and healthcare or-
ganization in the society [1, 2]. Infant mortal-
ity is considered as a barometer of social well-
being and its rate is used to assess the quality
of life of the population and the level of social
and economic development of the society [3].

A variety of risk factors for the health of
infants, in particular, medical and biological
factors such as obstetric and extragenital pa-
thologies of mothers, the course of pregnancy
and childbirth [4], as well as factors character-
izing social and economic conditions in the
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population [5, 6] is widely discussed in publi-
cations. Late effects of parental exposure to
various anthropogenic factors including radia-
tion and the related risk of mutagenic effects in
germ cells have long been a trouble for scien-
tific community [7, 8].

Radiation exposure as a factor that poten-
tially causes predisposition to mortality at
early age is under special attention. Thus, there
is a certain concern regarding unfavorable out-
comes of pregnancies and genetic diseases
(transgenerational of hereditary effects) in-
duced by the effects of radioactive fallouts to
population [9]. In analyses of long-term trends
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of infant mortality rates in the USA and some
European countries (France, UK, Spain, Ger-
many and Italy), the authors assume that at-
mospheric nuclear weapons tests could be re-
sponsible for several millions infantile deaths
in the Northern Hemisphere [10]. Other au-
thors point at the increase of perinatal losses in
prefectures contaminated due to the accident at
Fukushima Daiichi NPP in Japan in 2011 [11].
Meanwhile, the issues of medical effects
among the offspring due to occupational con-
tact of their parents with ionizing radiation
sources are still a matter of scientific discus-
sion [12].

This research work describes a retrospec-
tive cohort study of mortality among children
population of Ozyorsk, a Closed Administra-
tive and Territorial Unit (CATU) located close
to the first Russian atomic production facility
Mayak Production Association (PA) that has
been in operation since 1948.

The objective of the study: to analyze
the risk of infant mortality and its components
in the cohort of 1% generation offspring of Ma-
yak PA workers.

Material and methods. The following da-
tabases of the laboratory of Radiation Epidemi-
ology of SUBI were used as the sources of in-
formation for the study: Registry of Mayak PA
personnel', Children Registry of Ozyorsk popu-
lation’, Cause of death Registry of Ozyorsk
population [13], and Health Registry of Ozy-
orsk children population [14]. Information on
preconception (prior to conception) occupa-
tional doses of external gamma-exposure to the
gonads was obtained from the database “Mayak
Workers Dosimetry System 2013 [15].

Groups of children for a retrospective
study were composed as follows. The main
group contained children of Mayak PA work-
ers born in Ozyorsk in 1949-1973, 14,580
children (51.7 % or 7543 were boys, and
48.3 % or 7037 were girls); 14,435 of them

were live-born (51.7 % (7457) were boys, and
48.3 % (6987) were girls).

Children Registry of Ozyorsk population
comprises information on 43,680 children born
in 1949-1973; 35,149 of them were born in
the city. After including 14,580 offspring of
Mayak PA workers into the main group, a
thorough check was performed among the
other 20,569 children searching for preconcep-
tion exposure of their parents (occupational
exposure prior to conception among construc-
tion workers, military personnel, liquidators of
radiation accidents, migrants from the territo-
ries contaminated with radiation). Finally, the
comparison group comprised 10,427 children
of unexposed parents born in Ozyorsk in
1949-1973: 50.8 % or 5301 were boys, and
49.2 % or 5126 were girls; 10,345 of them
were live-born (50.8 % (5026) were boys, and
49.2 % (5085) were girls).

Comparability of the groups was provided
through the fact of birth within the city of
Ozyorsk and the same follow up period that
assumes the absence of climatic and geo-
graphic differences in living conditions and
equal level of medical care for the population.

Causes of death were considered accord-
ing to “International Statistical Classification
of Diseases and Related Health Problems”
(ICD) of the 9™ and 10" revision. Mortality
rates were calculated for 1000 children: early
neonatal mortality as a ratio of the number of
children who died during the first 7 days to
the number of children born alive; late neona-
tal mortality as a ratio of the number of chil-
dren who died in the period from 8 to 28 days
to all the live-born children excluding those
who died in the first week of their life; post-
neonatal mortality as a ratio of the number of
children who died at the age from 29 days to
one year to all the live-born children exclud-
ing those who died during the first 28 days of
their life; infant mortality a ratio of the num-

!Koshurnikova N.A., Shilnikova N.S., Okatenko P.V., Kreslov V.V., Bolotnikova M.G., Sokolnikov M.E., Khokhriakov V.F.,
Suslova K.G. [et al.]. Characteristics of the cohort of workers at the Mayak nuclear complex. Radiat. Res., 1999, vol. 152, no. 4,

pp. 352-363.

2 petrushkina N.P., Koshurnikova N.A., Kabirova N.R., Okatenko P.V., Khokhryakov V.V. Radiation risk assessment for
communities living near the atomic plants. Report 1. Procedures of radiation risk assessments. Child’s Register. Voprosy radiat-

sionnoi bezopasnosti, 1996, no. 2, pp. 4650 (in Russian).
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ber of children who died within the period
from the date of birth to 12 months to all the
live-born children.

STATISTICA  Version 10  software
(StatSoft, USA) was used for our comparative
analysis: incidences were compared using a
Pearson's chi-squared test and two-tailed
Fisher's exact test’. The differences were consid-
ered statistically significant at p < 0.05. Calcula-
tion of the relative risk (RR) was performed
with 95 % confidence interval (CI) using the
following formula:

RR=(a/(a+b))/(c/(c+ad)),

where a is a number of deaths among the off-
spring of the main group; b is alive offspring
of the main group; c is deaths in the compari-
son group; d is alive offspring of the compari-
son group; with 95 % confidence interval:

95 % CI = exp(In (RR) ~1.96-SE{In(RR)}
to exp(In(RR)+1.96-SE{In(RR)})

and mean square error of the logarithmic RR:

I 1 1 1

SE{ln(RR)}:\/z+C e

a+b

Incidence and RR of death at age under
one year was analyzed taking into account the
offspring sex, periods of birth, parental age at
the date of childbirth. The following 5-year
periods were considered: 1949-1953, 19541958,
1959-1963, 1964-1968, and 1969-1973.
Analysis of parental age was performed based
on the following intervals: 20 years and
younger, 21-25 years, 26-30 years, 31-35
years, 36 and older.

RR of death of the offspring regarding
preconception exposure of the parents at Ma-
yak PA was calculated in each of the following
dose categories of external gamma-exposure
of the gonads: zero dose (no doses registered
for the worker in the studied period); 0.1-20,

20.1-50, 50.1-100, 100.1-500, 500.1-1000,
1000.1 and more mGy.

Results and discussion. A comparative
analysis of infant mortality and its components
in the groups is presented in Table 1. Three
hundred and seventy-two cases of infant deaths
were registered in the main group of offspring
during the whole follow up period (57.5 %
were boys, 42.5 % were girls). Among the off-
spring of unexposed parents, the number of
children who had died under the age of one
year made 322 (56.8 % were boys, 43.2 % were
girls) that statistically significantly exceeds the
rate in the main group: y°=6.35, p =0.012.

Early neonatal mortality made 39.3 %
(146/372) of all the cases of death at age under
one year in the main group and 32.6 %
(105/322) in the comparison group, and didn’t
differ between the groups. Late neonatal mor-
tality took 5.9 % (22/372) in the mortality
structure of the main group and 6.8 % (22/322)
in the comparison group. There were no statis-
tically significant differences in the rates of
late neonatal mortality between the groups
both as a whole and taking into account the
offspring sex.

The contribution of postneonatal mortal-
ity within the groups was large, 54.8 %
(204/372) in the main group and 60.6 %
(195/322) in the comparison group. The rate
of postneonatal death was statistically signifi-
cantly higher in the comparison group regard-
ing the total observation (x> = 8.47, p = 0.004),
as well as in the comparative analysis by sex
(x> = 4.54, p = 0.033 among boys; x> = 4.06,
p = 0.044 among girls).

Calculation of the relative risk demon-
strated similar results: the rates of postneonatal
mortality among boys, girls and both sexes as
well as infant mortality as a whole were higher
among the offspring of unexposed parents.

Dynamics of infant mortality and of its
components regarding 5-year periods of birth
is presented at Figure 1. Temporal trends of
early neonatal mortality were proportional in

3 Glantz S.A. Primer of biostatistics. Fourth Edition. New York, McGraw-Hill, Health Professions Division, 1997, 473 p-
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Table 1

Infant mortality and its components in the groups

Main group Comparison group Relative risk [95% CI]
Boys Girls Total Boys Girls Total .
B Girl Total
(n="T457)|(n = 6978) | (n = 14435)| (n = 5260) | (n = 5085)| (n = 10,345) o¥s e ©
abs. abs. abs. abs. abs. abs.
RR 1 RR 1 RR 1
(for 10%) | (for 10°) | (for 10*) | (for 10°) | (for 10*) | (for 10%) ¢ ¢ ¢
Early neonatal mortality
83 63 146 64 41 105
09210.7-1.3 | 1.12 | 0.8-1.7 | 0.99 | 0.8-1.3
(11.1) 9.0) (10.1) (12.2) 8.1 (10,2)
Late neonatal mortality '
13 9 22 9 13 22
1.02 {0424 |0.51|02-12|0.72 | 0.4-1.
(1.8) (1.3) (1.5) (1.7) (2.6) 2.1 0210 05110 07210 3
Postneonatal mortality *
118* 86* 204* 110 85 195
0.76*|0.6-0.98|0.74*|0.5-0.99|0.75*| 0.6-0.9
(16.0) (12.5) (14.3) (21.2) (16.9) (19.1)
Infant mortality
214 158 372% 183 139 322
. .7-1.01{ 0. .7-1.04{0.83*10.7-0.
(28.7) (22.6) (25.8) (34.8) (27.3) (31.1) 083 10.7-1.011 0.8310.7-1.04/0.83%/0.7-0.96

Note: ' — excluding children who died during the first 7 days of life, > — excluding children who died during
the first 28 days of life, * — statistically significant differences.

for 103
45.0 -~
40.0 -+
35.0 A
30.0 A
25.0 A
20.0 A
15.0

=9— Early neonatal mortality MG
== FEarly neonatal mortality CG
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== Postneonatal mortality MG
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Figure 1. Dynamics of infant mortality and its components for 1949-1973:
MG — main group, CG — comparison group

both groups: minimum values in the period
1949-1953, stable rates in 1954-1963 and
gradual decrease by 1969-1973. A compara-
tive analysis of early neonatal mortality in
each calendar period demonstrated no differ-
ences between the groups.

The rates of late neonatal, postneonatal and
infant mortality in the groups were rather com-
parable: the highest rates were registered in
1949-1953 that steadily decreased by the end
of the followed period. Statistically significant
differences were established only among chil-

88

dren born in 1959-1961 when the rate of infant
mortality in the comparison group was higher
than in the main group (x*= 3.88, p = 0.049).
Assessment of the relative risk in relation to
the period of birth of the offspring (Table 2)
demonstrated the same trends: infant mortality
was statistically significantly higher among chil-
dren born in 19591963 in the comparison group
than in the main group, RR = 0.67 (0.5-0.99).
A comparative analysis of early and late neona-
tal mortality taking into account 5-year periods
of birth demonstrated no significant differences.

Health Risk Analysis. 2024. no. 2




The risk of infant mortality among the offspring of the workers of radiation hazardous production

Table 2

Relative risk of death at age under one year by calendar periods of childbirth

Main group, n = 14,435

Comparison group, n = 10,345

) , Number Number RR
Periods | Mortality types abs. of children f‘(’)ﬁ abs. of children for 10° | [95% CI]
in the group’ in the group *
1.64
Early neonatal | 22 3053 7.2 17 3869 4.4 [0.9-3.1]
Late neonatal ' | 13 3031 43 11 3852 2.9 -5
[0.7-3.3]
1949-1953 0.99
) .
Postneonatal &9 3018 295 114 3841 29.7 [0.8-1.3]
1.11
Infant 124 3053 40.6 | 142 3869 36.7 [0.9-1.4]
0.89
Early neonatal | 45 3565 12.6 | 35 2471 14.2 [0.6-1.4]
Late neonatal 5 3520 1.4 4 2436 1.6 086
[0.2-3.2]
1954-1958 0.79
Postneonatal 57 3515 16.2 | 50 2432 20.6 [0.5-1.2]
0.83
Infant 107 3565 30.0 | 89 2471 36.0 [0.6-1.1]
0.74
Early neonatal | 36 3264 11.0 | 21 1416 14.8 [0.4-1.3]
Late neonatal 3 3228 0.9 5 1395 3.6 0.26
[0.1-1.1]
1959-1963 0.74
Postneonatal 29 3225 9.0 17 1390 12.2 [0.4-1.3]
0.67*
Infant 68 3264 20.8 | 43 1416 30.4 [0.5-0.99]
0.79
Early neonatal | 26 2571 10.1 | 12 939 12.8 [0.4-1.6]
Late neonatal | 1 2545 04 | 2 927 22 [0 821_2 0]
1964-1968 '1 09.
Postneonatal 18 2544 7.1 6 925 6.5 [0.4-2.7]
0.82
Infant 45 2571 17.5 | 20 939 213 [0.5-1.4]
0.71
Early neonatal | 17 1982 86 | 20 1650 12.1 [0.4-1.4]
ne%iftal _ 1965 _ _ 1059 _ _
1969-1973 1.14
Postneonatal 11 1965 5.6 8 1630 4.9 [0.5-2.8]
0.83
Infant 28 1982 14.1 | 28 1650 17.0 [0.5-1.4]

Note: ' — excluding children who had died during the first 7 days of life; > — excluding children who had
died during the first 28 days of life, > — number of children in the group born in this period, * — statistically
significant differences.

Just a few publications refer to the issues
of infant mortality at early years of follow up
indicating that it was a difficult period of over-
coming demographic consequences of the war
under severe lack of resources [16]. According

to the national statistics, data infant mortality
in 1947-1964 decreased from 130 to 25 for
1000 births; infant mortality rate in the 70-ies
and 80-ies varied from 23.6 to 22.1 for 10° and
depended a lot on regional specific condi-
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tions*. A.A. Baranov in his analysis of 30-year
trends in USSR infant mortality indicates that
“season variations with peak rates in July and
September were one of the characteristic fea-
tures” [17].

Analysis of mortality structure in the
groups (Fig. 2) demonstrated that among the
offspring of exposed parents “Other disorders
originating in the perinatal period” (ICD-10
codes: PO0-P96) took the leading place in the
infant mortality structure: 132 cases (35.5 % of
all the outcomes); this subclass took the se-
cond place in the comparison group with
97 cases (30.1 %), x* = 0.035, p > 0.05.

Perinatal states

il

AN =

poisoning \
Digestive

diseases

Endocrine
pathologies

Respiratory
diseases

Congenital
malformations

==¢==|Main group  ==@==Comparison group

Figure 2. Rates of certain subclasses of infant
mortality (for 10%).

Infectious diseases as a cause of death of
children aged under one year took the second
place among the offspring of exposed parents
(23.9% or 89 cases) and the leading place
among the offspring of unexposed parents
(32.9 % or 106 cases); this rate was statisti-
cally significantly higher in the comparison
group: y° = 12.86, p = 0.00034. Respiratory
diseases took the third place in both groups:
71 cases (19.1 %) in the main group and 69 ca-
ses (21.4 %) in the comparison group; x*= 0.035,
p > 0.05. No statistically significant differ-
ences were found comparing other subclasses
(endocrine pathologies, congenital malforma-
tions, neural and digestive diseases).

Early neonatal mortality due to prematur-
ity was statistically significantly more often
observed in the comparison group, 2.2 against
1.2 for 10° in the main group (> = 4.1,
p = 0.04). Pneumonia with unspecified germ,
congenital abnormalities of the heart and great
vessels and perinatal period states mostly pre-
sented by extreme immaturity, the conse-
quences of birth injuries and respiratory dis-
tress syndrome were the most often causes of
death in the late neonatal period in both
groups. No statistically significant differences
were established between the groups in the late
neonatal period.

Infections prevailed in the structure of
postneonatal mortality: respiratory diseases,
particularly, bronchopneumonia with unspeci-
fied germ, and intestinal infections among
which deaths from shigellosis were registered
especially often. It should be noted that in the
period 1950-1956 an extremely unfavorable
epidemiological situation regarding dysentery
with severe infectious forms and high mortal-
ity rate was registered in Ozyorsk. Thus,
77 lethal outcomes from intestinal infections
(5.4 for 10%) were registered in the postneona-
tal period in the main group, and 47 of them
were due to shigellosis (3.3 for 10%); 85.1 % of
these were in 1950—1956. Mortality rate due to
intestinal infections in the comparison group
was statistically significantly higher: 79 cases
or 7.7 for 10° (* = 5.13, p = 0.024); of them
were 49 cases of shigellosis or 4.8 for 10°
(¢ =3.44, p > 0.05), and 79.6 % of these cases
were in the period 1950-1956.

In addition to intestine damages, infectious
pathology in the postneonatal period was pre-
sented by childhood quarantine infections, viral
hepatitis and tuberculosis. It was noted that tuber-
culosis was statistically significantly more often
registered as a cause of death in the comparison
group than in the main group: 1.27 against 0.2 for
10° (F-test = 0.0017). Single cases of miliary tu-
berculosis and extrapulmonary forms of tubercu-
losis — meningeal and bone tissue tuberculosis —

* Anderson B.A., Silver B.D. Trends in mortality of the Soviet population. Sov. Econ., 1990, vol. 6, no. 3, pp. 191-251;
Millle F., Shkolnikov V.M., Hertrich V., Vallin J. Sovremennye tendentsii smertnosti po prichinam smerti v Rossii: 1965-1994
[Current trends in mortality by cause of death in Russia: 1965-1994]. Paris, INED; Moscow, Center for Demography and Hu-

man Ecology, 1996, 140 p. (in Russian).
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were diagnosed in the offspring of unexposed
parents. Postneonatal pneumonia cases were reg-
istered as causes of death in the postneonatal pe-
riod significantly more often among the children
of unexposed parents: 5.28 against 3.5 per 10° in
the main group, y° = 4.46, p = 0.035. Eventually,
after summing up all observations, infections
turned out to be the registered cause of death in
the postneonatal period much more often in the
offspring of unexposed parents: 104 cases or 10.2
for 10° against 88 cases or 6.17 for 10° in the
main group, x*= 12.3, p = 0.0005.

It is worth mentioning that among the
children of exposed parents two cases of death
due to malignant neoplasms (MN) were regis-
tered in the postneonatal period. Leukemia of
unspecified cell type was diagnosed in 1954 in
a boy aged 3 months born to the workers of the
radiochemical plant exposed to preconception
gamma-radiation; the doses made 5.1 mGy to
the ovaries and 385.8 to the testicles, in utero
gamma-exposure dose made 8.78 mGy. Brain
MN was diagnosed in 1968 in a girl aged
5 months whose father was a reactor plant
worker, dose of preconception occupational
external gamma-exposure to the testicles made
2.33 mGy. No lethal outcomes due to MN at
age under one year were observed among the
offspring of unexposed parents.

It should be noted that the compared
groups contained only children born and resid-
ing in Ozyorsk. From the moment of launching
the main production facility “medical care for
Ozyorsk population along with the workers of
the city-forming facility was provided by the
FMBA of Russia in a form of medical and
sanitary units and clinical hospitals” [18] that
assumes the same standards of healthcare and
medical equipment.

Table 3 demonstrates distribution of the
offspring deceased at age under one year by
parental age at childbirth and the relative risk
of death in various categories of maternal and
paternal age.

Average maternal age at childbirth in the
main group was 26 years (range from 15 to
46 years); average paternal age, 27.5 years
(range 17-54 years). In the comparison group,
average maternal age was the same at 26 years

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308

(range 15-49 years) while average paternal age
was somewhat higher at 28.3 years (15-56).
Characteristics of parental age among death
cases did not differ a lot from the whole—cohort
data: average maternal age in the main group
was 26 years (17-43), average paternal age was
27.3 years (19-50); in the comparison group, 26
years (16—45) and 28 years (19-47) respectively.
In both groups, most often children were
born to mothers aged 21-25 and fathers aged
26-30. Infant mortality cases in the groups
were more often registered among boys born
to young mothers (40.0 for 10° in the main
group and 43.0 for 10° in the comparison
group, p > 0.05) and mothers aged 36 and
older (37.8 and 48.2 for 10° respectively,
p > 0.05), and among the offspring of young
fathers (34.3 for 10° among the boys of main
group, p > 0.05; and 53.4 for 10° among the
girls of main group, F-test =0.031).
Statistically significant estimates of the
relative risk were obtained for maternal age
category of 21-25 years in which infant mor-
tality in the comparison group was higher for
girls, 0.68 (0.5-0.96), and for both sexes, 0.75
(0.6-0.95), and for maternal age category of
31-35 for girls, 0.5 (0.3-0.97). Infant mortal-
ity was statistically significantly lower among
the offspring of Mayak PA workers in the fol-
lowing paternal age categories: 20 years and
younger, 21-25 years and 31-35 years.
Research of the differences in infant mor-
tality rates in different subgroups of mothers
aged under 20 in USA demonstrated that chil-
dren born to younger mothers had an increased
risk of death [19]. A relation between elderly
age of fathers and unfavorable outcomes for
both a mother and a child was described by
Y.S. Khandwala et al. [20]. Meanwhile, ac-
cording to the data from the Sweden Registry
for mortality research, a higher survivability
was established in the offspring of elderly par-
ents [21]. The authors emphasize the impor-
tance of the trend of giving birth to “later chil-
dren in wealthier and healthier” environment.
Alongside, M. Balaj et al. [22] mention the
value of parents’ education level pointing out
the fact that a lower education level of mothers
and fathers are risk factors of children mortal-
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ity even taking into account other markers of
social and economic status of the family. Re-
search of the interrelation between the parental
level of education and infant mortality based

on statistical data of natural migration of the
population in Japan demonstrated that a lower
level of maternal education was in fact related
to children mortality [23].

Table 3
Relative risk of death at age under one year by parental age at childbirth
Main group, Comparison group,
n=14,435 n=10,345
Parental age | Sex Number of chil- . RR [95 % CI]
abs. dren for 10> | abs. Nurgber of chllc}ren for 10°
in the group’ in the group
Boys | 214 7457 28.7 183 5260 34.8 | 0.82[0.7-1.002]
The group -
as 2 whole Girls | 158 6978 22.6 139 5085 273 | 0.83[0.7-1.04]
Total | 372 14435 25.8 322 10345 31.1 | 0.83* [0.7-0.96]
Maternal age
20 years and Boys | 33 825 40.0 32 744 43.0 0.93[0.6-1.5]
younger Girls | 20 757 264 14 652 21.5 1.230.6-2.4]
Total | 53 1582 335 46 1396 33.0 1.02 [0.7-1.5]
Boys | 84 2938 28.6 73 2080 35.1 0.82 [0.6-1.1]
21-25years | Girls | 61 2796 21.8 66 2063 32.0 | 0.68* [0.5-0.96]
Total | 145 5734 253 139 4143 33.6 | 0.75* [0.6-0.95]
Boys | 55 2420 22.7 42 1482 28.3 0.8 [0.5-1.2]
26-30years | Girls | 52 2255 23.1 33 1496 22.1 1.05[0.7-1.6]
Total | 107 4675 229 75 2978 25.2 0.91[0.7-1.2]
Boys | 31 983 315 21 643 32.7 0.97 [0.6-1.7]
31-35years | Girls | 15 892 16.8 20 594 33.7 | 0.5%[0.3-0.97]
Total | 46 1875 24.5 41 1237 33.1 0.7410.5-1.1]
Boys | 11 291 37.8 15 311 48.2 0.78 [0.4-1.7]
36 years and -
older Girls | 10 278 36.0 6 280 21.4 1.68 [0.6-4.6]
Total | 21 569 36.9 21 591 355 1.04 [0.6-1.9]
Paternal age”
20 years and Boys | 8 233 343 2 141 142 | 242[0.5-11.2]
younger Girls | 2 204 9.8 7 131 53.4 | 0.18*[0.04-0.9]
Total |10 437 229 9 272 33.1 0.69[0.3-1.7]
Boys | 72 2508 28.7 65 1761 36.9 0.78 [0.6-1.1]
2125 years | Girls |53 2391 222 49 1675 29.3 0.76 [0.5-1.1]
Total |125 4899 25.5 114 3436 33.2 | 0.77% [0.6-0.99]
Boys | 66 2855 23.1 55 1789 30.7 0.7510.5-1.1]
2630 years | Girls |56 2662 21.0 43 1854 232 0.91[0.6-1.3]
Total |122 5517 22.1 98 3643 26.9 0.82 [0.6-1.1]
Boys |28 1224 229 38 934 40.7 | 0.56*[0.4-0.9]
31-35years | Girls |19 1145 16.6 30 859 349 | 0.47*%[0.3-0.8]
Total |47 2369 19.8 68 1793 37.9 | 0.52*%[0.4-0.8]
36 years and Boys | 14 471 294 23 633 36.3 0.81[0.4-1.6]
older Girls | 9 452 19.9 10 553 18.1 1.1[0.5-2.7]
Total |23 929 24.8 33 1186 27.8 0.89 [0.5-1.5]
Note: ! — number of children in a group born to parents of this age; - paternal age is unknown for 284 chil-

dren of the main group and 15 children of the comparison group; * — statistically significant differences.
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Table 4
Characteristics of preconception external gamma-exposure of the parents, mGy
Number Dose Average value + mean Median
of offspring | range square deviation [interquartile range Q25; Q75]
Preconception exposure of the ovaries
The whole group 4821 0-4075.6 286.8 £470.9 74.4[0.4;367.4]
Deaths at age under one year 158 0-19304 276.2 +474.1 55.3[0; 303.8]
Preconception exposure of the testicles
The whole group 12356 0-5653.1 382.2+614.8 126.9 [16.1; 461.8]
Deaths at age under one year 273 0-3987.5 349.9 +£605.2 110.6 [0; 461.4]

Table 4 demonstrates dose estimates of
preconception external gamma-exposure of the
parents in the main group at Mayak PA. Pa-
rameters of accumulated doses of external
gamma-exposure are presented for the whole
group and for children who died at age under
one year.

Maximum doses of occupational exposure
of mothers in the whole main group reached
4075.6 mGy; 1930.4 mGy among the mothers
whose children died aged under one year.
Similar trends were noted when analyzing pre-
conception exposure of the testicles: maximum
dose in the whole cohort 5653.1 mGy; for in-
fant mortality cases, 3987.5 mGy. The values
of average characteristics of the doses of pre-
conception exposure of ovaries and testicles
were lower in the subgroup of infant mortality
compared to the whole group.

Distribution of the children in the main
group by dose categories of parental occu-

pational exposure demonstrated that maxi-
mum number of the offspring were regis-
tered in the preconception dose ranges of
100.1-500 mGy (26 % of the children of
mothers working at Mayak PA and 30.3 %
of the children of fathers working at the fa-
cility) and in zero dose category (24.5 %
and 15.8 % respectively). Analysis of infant
mortality demonstrated that maximum num-
ber of death cases at age under one year was
registered in these categories 24.1 % in the
dose category of 100.1-500 mGy and 27.2 %
in “zero dose” : in case of preconception
exposure of the ovaries; 28.2 % and 26 %
respectively in case of preconception expo-
sure of the testicles.

Assessment of infant mortality taking into
account dose ranges of external gamma-
exposure in comparison to the offspring of un-
exposed parents of corresponding sex is pre-
sented in Table 5.

Table 5

Relative risk of death at age under one year by dose ranges of preconception exposure
of the parents (comparing to the same-sex children of unexposed parents)

Dose ranees Main group Comparison group
il Number of children 3 Number of children 2| RR[95 % CI]
mGy abs. . ) for 10° | abs. . for 10
in the group in the group
1 2 3 4 5 6 7 8 9
Preconception exposure of the ovaries
Boys 21 590 356 | 183 5260 348 | 1.02[0.66-1.6]
Zero dose Girls 22 592 372 | 139 5085 273 | 1.36[0.87-2.1]
Total 43 1182 364 | 322 10345 31.1 1.17 [0.85-1.6]
Boys 9 302 29.8 | 183 5260 34.8 | 0.86[0.44-1.66]
from 0.1 to -
0.0 Girls 8 281 28.5 | 139 5085 273 | 1.04[0.52-2.1]
' Total 17 583 29.2 | 322 10345 31.1 | 0.94[0.58-1.51]
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End of the Table 5

1 2 3 4 5 6 7 8 9
from 20.1 fo B(?ys 12 233 515 | 183 5260 34.8 1.48 [0.84-2.6]
50.0 Girls 4 183 219 | 139 5085 273 0.8[0.3-2.1]
' Total 16 416 385 | 322 10345 31.1 | 1.24[0.75-2.02]
Boys 13 254 51.2 | 183 5260 34.8 | 1.47[0.85-2.55]
from 50.1 to -
100.0 Girls 3 196 153 | 139 5085 273 | 0.56[0.18-1.74]
' Total 16 450 356 | 322 10345 31.1 1.14[0.7-1.87]
from 100.1 Boys 23 652 353 | 183 5260 34.8 | 1.01[0.66-1.55]
o 5000' Girls 15 602 249 | 139 5085 273 | 0.91[0.54-1.54]
' Total 38 1254 303 | 322 10345 31.1 | 0.97][0.7-1.36]
Boys 5 263 19.0 | 183 5260 34.8 | 0.55[0.23-1.32]
from 500.1 -
to 1000.0 Girls 7 262 26.7 | 139 5085 273 | 0.98[0.46-2.1]
' Total 12 525 229 | 322 10345 31.1 | 0.73]0.42-1.3]
from 1000.1 B?ys 12 221 543 | 183 5260 34.8 | 1.56[0.88-2.75]
Girls 4 190 21.1 | 139 5085 273 | 0.77[0.29-2.06]
and more
Total 16 411 389 | 322 10345 31.1 1.25[0.76-2.1]
Boys 95 2515 37.8 | 183 5260 348 | 1.09[0.85-1.38]
Total Girls 63 2306 273 | 139 5085 273 | 0.99[0.75-1.34]
Total | 158 4821 328 | 322 10345 31.1 | 1.05[0.87-1.27]
Preconception exposure of the testicles
Boys 32 1010 31.7 | 183 5260 34.8 | 0.91[0.63-1.32]
Zero dose Girls 39 946 412 | 139 5085 273 |1.51*[1.06-2.14]
Total 71 1956 363 | 322 10345 31.1 1.17[0.91-1.5]
Boys 15 642 234 | 183 5260 348 | 0.67[0.4-1.13]
from 0.1 to -
0.0 Girls 6 657 9.1 139 5085 27.3 |0.33*[0.15-0.75]
' Total 21 1299 162 | 322 10345 31.1 [0.52*[0.33-0.81]
Boys 11 591 18.6 | 183 5260 34.8 | 0.54*[0.3-0.98]
from 20.1 to -
50.0 Girls 7 560 125 | 139 5085 27.3 |0.46* [0.22-0.97]
' Total 18 1151 156 | 322 10345 31.1 | 0.5%0.31-0.81]
Boys 14 651 21.5 | 183 5260 348 | 0.62[0.36-1.1]
from 50.1 to -
100.0 Girls 10 638 15.7 | 139 5085 273 | 0.57[0.3-1.08]
' Total 24 1289 18.6 | 322 10345 31.1 | 0.59%[0.39-0.9]
from 100.1 Boys 50 1935 258 | 183 5260 348 | 0.74[0.55-1.01]
o 5000' Girls 27 1806 15.0 | 139 5085 27.3 |0.55* [0.36-0.82]
' Total 77 3741 20.6 | 322 10345 31.1 [0.66*[0.52-0.85]
Boys 20 748 26.7 | 183 5260 34.8 | 0.77]0.49-1.2]
from 500.1 -
t0 1000.0 Girls 13 682 19.1 | 139 5085 273 | 0.69[0.39-1.22]
' Total 33 1430 23.1 | 322 10345 31.1 | 0.74 [0.52-1.06]
from 1000.1 B(‘)ys 17 771 22.0 | 183 5260 34.8 | 0.63[0.39-1.04]
and more Girls 12 719 16.7 | 139 5085 273 | 0.61[0.34-1.09]
Total 29 1490 19.5 | 322 10345 31.1 [0.62*%[0.43-0.91]
Boys | 159 6348 250 | 183 5260 34.8 |0.72* [0.58-0.89]
Total Girls 114 6008 19.0 | 139 5085 27.3 |0.69* [0.54-0.89]
Total | 273 12356 22.1 | 322 10345 31.1 |0.71*[0.61-0.83]

Note: ' — number of children in the group in the given dose interval of parental exposure; * — statistically sig-
nificant differences.
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The number of children whose mothers
were exposed to occupational contact with ion-
izing radiation prior to conception made 4821;
158 of them died at age under one year
(60.1 % were boys, 39.9 % were girls). No ac-
tual pattern was found by analyzing the cate-
gories of maternal preconception exposure and
incidence of infant mortality among the off-
spring: average infant mortality in the main
group corresponded to the values in the com-
parison group. Maximum infant mortality in
the main group was registered among male
offspring in dose ranges of 20.1-50 mGy
(51.5 for 10), 50.1-100 mGy (51.2 for 10°)
and over 1 Gy (54.3 for 10°). However, a
comparative analysis revealed no statistically
significant differences in RR in any of the dose
categories of preconception exposure of the
ovaries.

The number of main group offspring
whose fathers were exposed to occupational
contact with ionizing radiation prior to concep-
tion made 12,356; 273 cases of infant mortal-
ity were registered among them (58.2 % boys,
41.8 % girls). The highest infant mortality rate
(41.2 for 10”) was observed among girls with
fathers in the “zero dose” category of occupa-
tional exposure. RR assessment in this cate-
gory demonstrated that infant mortality among
the girls of exposed fathers was statistically
significantly higher than among the girls of the
comparison group, 1.51 (1.06-2.14). A de-
tailed analysis of mortality structure in this
dose category demonstrated a statistically sig-
nificant increase of intestinal infections among
the daughters of exposed fathers (13.7 for 10°)
compared to the girls of unexposed parents
(7.1 for 10°), y*=4.39, p = 0.036.

Infant mortality in many of dose catego-
ries of preconception exposure of the testicles
turned out to be statistically significantly lower
than in control. A final risk assessment for all
the children whose fathers were exposed to
long-term occupational exposure also demon-
strated a lower rate of infant mortality than in
the comparison group: 0.72 (0.58-0.89) for

male offspring, 0.69 (0.54-0.89) for female
offspring, 0.71 (0.61-0.83) for both sexes.

In the research of children cancer survi-
vors by L.B. Signorello et al. [24], it was re-
ported that radiation exposure of the ovaries
and uterus significantly increased a risk of
stillbirth and neonatal death of the offspring in
accumulated doses over 10 Gy. D.M. Green et
al. [25] observed reproductive outcomes fol-
lowing radiation cancer therapy and noted that
newborns of women with exposure doses to
the uterus over 5 Gy were more likely to be
small for their gestation age, though there were
no differences related to the proportion of
congenital malformations, cytogenetic syn-
dromes or monogenic defects between the off-
spring. Meanwhile, analysis of the relation be-
tween radiation exposure and risk of congeni-
tal abnormalities and death in the perinatal
period among the offspring of Japan popula-
tion exposed to atomic bombing demonstrated
a relation between the studied effects and pa-
rental exposure though direct effect of radia-
tion was not proved [26]. According to earlier
research work in the cohort of children popula-
tion of Ozyorsk comparing the rate and struc-
ture of mortality at age under one year among
the children born in 1974—1988 no statistically
significant differences were found between the
offspring of Mayak PA workers and children
of unexposed parents’.

Thus, the summary assessment of infant
mortality and its components demonstrated
higher rates of postneonatal and infant mortal-
ity and infectious pathology among the off-
spring of unexposed parents. It could be possi-
bly explained through the “healthy worker ef-
fect” [27] among the parents who were Mayak
PA workers due to a thorough medical investi-
gation prior to employment to the production
facility with harmful working conditions and
selection of individuals with no obvious
chronic pathologies. One could not deny that
the parents of the main group of children could
be initially different in health characteristics
from the parents in the comparison group [28].

3 Petrushkina N.P., Koshurnikova N.A., Kabirova N.R., Okatenko P.V. Radiation risk assessment for population from the
areas close to the atomic industry enterprises. Information 3. Infant mortality among the newborns of 1974-1988. Voprosy ra-

diatsionnoi bezopasnosti, 1996, no. 4, pp. 15-22 (in Russian).
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From the other point of view, it is impor-
tant to note the specific social and economic
conditions in the CATU [29, 30]. The families
of Mayak PA workers used to have better fi-
nancial and living conditions compared to the
families of those working in city organiza-
tions. Analysis of infant mortality in relation to
social groups of parents demonstrated that
61.3 % (228/372) of the mothers in the main
group belonged to the category of “labor
workers”, 21.2 % (79/372) were “civil ser-
vants”, and 10.5 % (39/372) of mothers were
students. In the comparison group, 53.7 %
(173/322) mothers of the children who died at
age under one year were “labor workers”,
15.5% (50/322) were “civil servants”, and
19.9 % (64/322) were students. Analysis of
paternal occupation demonstrated that in the
main group 68 % (253/372) of the fathers be-
longed to the group of “labor workers”, 16.9 %
(63/372) were “civil servants”; in the compari-
son group, 59.6 % (192/322) and 20.2 %
(65/322), respectively, and 0.3 % (1/322) was
registered as a college student.

Statistically significant differences were
obtained for a social group of “labor workers”
that comprised a larger number of parents in
the main group than in the comparison one
(x* = 4.05, p = 0.044, among mothers,
x> = 5.3, p = 0.022, among fathers), and
x> = 12.1, p < 0.001 for the category “stu-
dents” that was mostly presented by mothers
of the comparison group.

Research works of the social aspects of in-
fant mortality are numerous. Thus, assessment
of the effect of medical organization factors and
social reasons to mortality in late neonatal pe-
riod in the Ural Federal District indicated that
“social reasons prevail” and reach 60 % [31].
Researchers of children and perinatal mortality
in Russia point out social factors as the basis of
deaths due to external causes [32]. When de-
veloping measures in order to decrease infant
and maternal mortality in the country, three
groups of factors are usually stressed that define
different living conditions: financial well-being,
medical care quality, and social environment
[5]. Taking into account the fact that the ob-
served children were all born and lived in the
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CATU and, correspondingly, had the same
quality of medical care, the issues of social
well-being and initial health status of the par-
ents turn out to be the priority.

Further planned research of this topic in-
cludes analysis of perinatal and infant mortality
taking into account such non-radiation factors as
gestation age, delivery parity and other obstetric
and gynecologic risk factors related to unfavor-
able outcomes during the first year of life
[33, 34]. MN cases as causes of death at age un-
der one year in the main group requires further
follow up in older age groups of the offspring.

Conclusions. The retrospective epidemi-
ological study of infant mortality and its struc-
tural components was carried out in the cohort
of children born in CATU Ozyorsk in 1949—
1973 (n = 24,780); 14,435 of them were from
the families of workers of the radiation-
hazardous enterprise.

The comparative analysis of mortality at
age under one year demonstrated that postneo-
natal and infant mortality was in whole statisti-
cally significantly higher among the offspring
of unexposed parents in comparison to the main
group. Our study established a significant effect
of infectious pathology on the frequency of out-
comes and-clear predominance of postneonatal
mortality cases due to infectious diseases in the
comparison group.

An assessment of infant mortality taking
into account accumulated doses of production
preconceptional exposure to external gamma-
radiation found some dose intervals where the
risk in the main group was higher, that was
due to infectious pathology.

The analysis of non-radiation factors, in
particular, the parental age and occupation,
revealed higher rates of infant mortality among
the offspring of unexposed parents in some
age categories and significant differences in
the groups by type of parental employment.

Taking into account the variety of non-
radiation factors resulting in infant mortality, a
detailed factor analysis is required in the future
in the cohort of the CATU children population.

At this stage of the work, the noted features
of mortality among the offspring of exposed par-
ents are probably due to the “healthy worker ef-
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fect” in the cohort of Mayak PA workers and to
more favorable living conditions for their fami-
lies which could have an important effect on the
infant morbidity and mortality.

Funding. The work was carried out within the
framework of Government contract no.11.314.22.2
of July 15, 2022 “The analysis of the Effects of

Ionizing Radiation on Public Health and the Off-
spring Living Near the Nuclear Facilities of the
State Atomic Energy Corporation “Rosatom”
based on the Federal Target Program “Ensuring
Nuclear and Radiation Safety for 2016-2020 and
for the period up to 2035”.

Conflict of interests. The authors declare no
conflict of interests.

References

1. Rumyantsev A.G. Priorities of fundamental pediatrics in control of infant and child mortality.
Pediatriya. Zhurnal im. G.N. Speranskogo, 2019, vol. 98, no. 2, pp. 813 (in Russian).

2. Tyukov Y.A., Kosymov E.A. Hidden trends in modern sickness rate dynamics in children. Journal
of Global Pharma Technology, 2020, vol. 12, no. 1, pp. 197-203.

3. Bobrovskaya M.A. Infant mortality in Russia. Fkonomika i sotsium, 2019, no. 5 (60), pp. 410417
(in Russian).

4. Dymova L.A. Factors, forming health status of children of first year of life (Literature review).
Permskii meditsinskii zhurnal, 2020, vol. 37, no. 1, pp. 85-92. DOI: 10.17816/pmj37185-92 (in Russian).

5. Tikhomirova T.M., Tikhomirov N.P. Econometric methods to justify measures to reduce infant
and maternal mortality in Russia. Fundamental'nye issledovaniya, 2022, no. 4, pp. 69-76. DOLI:
10.17513/1r.43241 (in Russian).

6. Nurova A.A., Mirzoeva R.K., Berdysh D.S. The current situation of perinatal and infant mortal-
ity in Russia. Vestnik Biomeditsina i sotsiologiya, 2022, vol. 7, no. 2, pp. 59—66. DOI: 10.26787/nydha-
2618-8783-2022-7-2-59-66 (in Russian).

7. Borovskaya T.G., Vychuzhanina A.V., Shchemerova Yu.A., Kseneva S.I., Fomina T.I., Bohan E.A.,
Goldberg V.E. Long-term effects of cytostatic agents on germ cells of testicular tissue (experimental study).
Sibirskii onkologicheskii zhurnal, 2023, vol. 22, no. 4, pp. 74-83. DOL: 10.21294/1814-4861-2023-22-4-74-83
(in Russian).

8. Coretchi L., Gincu M., Bahnarel 1., Friptuleac G., Romanciuc P., Capatina A. Clinical, immu-
nological and genetic research on the participants in mitigating the consequences of the Chernobyl nuclear
accident. One Health & Risk Management, 2023, vol. 4, no. 1, pp. 4-19. DOI: 10.38045/0hrm.2023.1.01

9. Boice J.D. Jr. The Likelihood of Adverse Pregnancy Outcomes and Genetic Disease (Transgenera-
tional Effects) from Exposure to Radioactive Fallout from the 1945 Trinity Atomic Bomb Test. Health
Phys., 2020, vol. 119, no. 4, pp. 494-503. DOI: 10.1097/HP.0000000000001170

10. Korblein A. Statistical modeling of trends in infant mortality after atmospheric nuclear weapons
testing. PLoS One, 2023, vol. 18, no. 5, pp. €0284482. DOI: 10.1371/journal.pone.0284482

11. Scherb H.H., Mori K., Hayashi K. Increases in perinatal mortality in prefectures contaminated by
the Fukushima nuclear power plant accident in Japan: A spatially stratified longitudinal study. Medicine
(Baltimore), 2016, vol. 95, no. 38, pp. €4958. DOI: 10.1097/MD.0000000000004958

12. The 2007 Recommendations of the International Commission on Radiological Protection. ICRP
publication 103. Ann. ICRP, 2007, vol. 37, no. 24, pp. 1-332. DOI: 10.1016/j.icrp.2007.10.003

13. Tsareva Yu.V., Okatenko P.V. Mortality structure of Ozyorsk population in 1948-2013. Voprosy
radiatsionnoi bezopasnosti, 2023, no. 1 (109), pp. 60—66 (in Russian).

14. Sosnina S.F., Kabirova N.R., Okatenko P.V., Rogacheva S.A., Tsareva Yu.V., Gruzdeva E.A.,
Sokolnikov M.E. Ozyorsk Children’s Health register: development results, management guidelines, poten-
tial and prospects. Meditsina ekstremal'nykh situatsii, 2017, vol. 61, no. 3, pp. 95-103 (in Russian).

15. Napier B.A. The Mayak Worker Dosimetry System (MWDS-2013): an introduction to the
documentation. Radiat. Prot. Dosimetry, 2017, vol. 176, no. 1-2, pp. 6-9. DOI: 10.1093/rpd/ncx020

16. Taktasheva F.A. The baby mortality in the Stalingrad region during 1940-1950s. Kaspiiskii re-
gion: politika, ekonomika, kul'tura, 2019, no. 1 (58), pp. 41-47. DOIL: 10.21672/1818-510X-2019-58-1-
041-047 (in Russian).

17. Baranov A.A. Stages and ways of reducing infant mortality in the Russian Federation: the ex-
perience of the last 30 years. Rossiiskii pediatricheskii zhurnal, 2017, vol. 20, no. 5, pp. 311-315. DOI:
10.18821/1560-9561-2017-20-5-311-315 (in Russian).

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308 97



S.F. Sosnina, P.V. Okatenko, M.E. Sokolnikov

18. Olesova V.N., Olesov E.E., Olesov A.E. Stomatologicheskaya zabolevaemost' rabotnikov opas-
nykh proizvodstv (kliniko-epidemiologicheskie i organizatsionno-ekonomicheskie aspekty) [Dental morbidity
of workers in hazardous industries (clinical-epidemiological and organizational-economic aspects)]. Moscow,
AL Burnazyan Federal Medical Biophysical Center of the FMBA of Russia Publ., 2021, 288 p. (in Russian).

19. Moore M.D., Brisendine A.E., Wingate M.S. Infant mortality among adolescent mothers in the
United States: a 5-Year analysis of racial and ethnic disparities. Am. J. Perinatol., 2022, vol. 39, no. 2,
pp. 180-188. DOI: 10.1055/s-0040-1714678

20. Khandwala Y.S., Baker V.L., Shaw G.M., Stevenson D.K., Faber H.K., Lu Y., Eisenberg M.L.
Association of paternal age with perinatal outcomes between 2007 and 2016 in the United States: popula-
tion based cohort study. BMJ, 2018, vol. 363, pp. k4372. DOI: 10.1136/bm;j.k4372

21. Carslake D., Tynelius P., van den Berg G.J., Davey Smith G. Associations of parental age with
offspring all-cause and cause-specific adult mortality. Sci. Rep., 2019, vol. 9, no 1, pp. 17097. DOI:
10.1038/541598-019-52853-8

22. Balaj M., York H.W., Sripada K., Besnier E., Vonen H.D., Aravkin A., Friedman J., Griswold M.
[et al.]. Parental education and inequalities in child mortality: a global systematic review and meta-analysis.
Lancet, 2021, vol. 398, no. 10300, pp. 608—620. DOI: 10.1016/S0140-6736(21)00534-1

23. Okui T. Association between infant mortality and parental educational level: An analysis of
data from Vital Statistics and Census in Japan. PLoS One, 2023, vol. 18, no. 6, pp. €0286530. DOI:
10.1371/journal.pone.0286530

24. Signorello L.B., Mulvihill J.J., Green D.M., Munro H.M., Stovall M., Weathers R.E., Mertens A.C.,
Whitton J.A. [et al.]. Stillbirth and neonatal death in relation to radiation exposure before conception: a retrospec-
tive cohort study. Lancet, 2010, vol. 376, no. 9741, pp. 624-630. DOI: 10.1016/S0140-6736(10)60752-0

25. Green D.M., Sklar C.A., Boice J.D. Jr., Mulvihill J.J., Whitton J.A., Stovall M., Yasui Y. Ovarian
failure and reproductive outcomes after childhood cancer treatment: results from the Childhood Cancer Survi-
vor Study. J. Clin. Oncol., 2009, vol. 27, no. 14, pp. 2374-2381. DOI: 10.1200/JC0O.2008.21.1839

26. Yamada M., Furukawa K., Tatsukawa Y., Marumo K., Funamoto S., Sakata R., Ozasa K.,
Cullings H.M. [et al.]. Congenital Malformations and Perinatal Deaths Among the Children of Atomic Bomb
Survivors: A Reappraisal. Am. J. Epidemiol., 2021, vol. 190, no. 11, pp. 2323-2333. DOI: 10.1093/aje/kwab099

27. Trubetskov A.D., Zhirov K.S. “The effect of healthy worker” in various areas of occupational
medicine: the publications review. Problemy sotsial'noi gigieny, zdravookhraneniya i istorii meditsiny,
2021, vol. 29, no. 2, pp. 254-259. DOI: 10.32687/0869-866X-2021-29-2-254-259 (in Russian).

28. Sosnina S.F., Okatenko P.V. Non-infectious pathology in children of female workers of nuclear
industry enterprise. Meditsinskii akademicheskii zhurnal, 2017, vol. 17, no. 3, pp. 68—76 (in Russian).

29. Sosnina S.F., Volosnikov D.K. Gender aspects of adolescents’ quality of life. Problemy zhen-
skogo zdorov'ya, 2010, vol. 5, no. 2, pp. 42—45 (in Russian).

30. Taranushenko T.E., Proskurina M.V., Kiseleva N.G. Changes in the epidemiological indicators
of type 1 diabetes mellitus in children and adolescents living in the closed administrative and territorial en-
tity. Vrach, 2023, vol. 34, no. 9, pp. 29-33. DOI: 10.29296/25877305-2023-09-06 (in Russian).

31. Devyatova E.O., Litvinova A.M. Influence of social and organizational factors on the late neonatal
mortality in Ural Federal region. Ural'skii meditsinskii zhurnal, 2011, no. 12 (90), pp. 10—13 (in Russian).

32. Sukhanova L.P., Sklyar M.S. Infant and perinatal mortality in Russia: tendencies, structure, risk
factors. Sotsial'nye aspekty zdorov'ya naseleniya, 2007, no. 4 (4), pp. 2 (in Russian).

33. Ivanov D.O., Iurev V.K., Shevtsova K.G., Moiseeva K.E., Kharbedia Sh.D., Berezkina E.N.
Morbidence of pregnant anemia and its impact on infant mortality. Pediatr, 2019, vol. 10, no. 1, pp. 43-48.
DOI: 10.17816/PED10143-48 (in Russian).

34. Bryukhanova O.A., Bakhitova R.Kh., Akhmadeeva E.N., Ilyina A.A. Preterm birth as the main
reason for infant mortality and morbidity. Meditsinskii vestnik Bashkortostana, 2020, vol. 15, no. 6 (90),
pp. 132—135 (in Russian).

Sosnina S.F., Okatenko P.V., Sokolnikov M.E. The risk of infant mortality among the offspring of the
workers of radiation hazardous production. Health Risk Analysis, 2024, no.2, pp.85-98. DOI:
10.21668/health.risk/2024.2.08.eng

Received: 16.12.2023

Approved: 08.05.2024
Accepted for publication: 20.06.2024

98 Health Risk Analysis. 2024. no. 2



