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ANTHROPOMETRIC MEASUREMENTS IN NEWBORN CHILDREN

OF PERSONNEL EMPLOYED AT RADIATION-HAZARDOUS PRODUCTION
AS INDICATORS USED IN MONITORING OVER CONSEQUENCES

OF PARENTAL EXPOSURE TO RADIATION

S.F. Sosnina, P.V. Okatenko, M.E. Sokolnikov
Southern Urals Biophysics Institute of FMBA of Russia, 19 Ozerskoe shosse, Ozersk, 456780, Russian Federation

Physical development of offspring can be an important criterion applied to assess effects produced by parental expo-
sure. The cohort that includes workers employed at Mayak Production Association (PA), the first nuclear fuel cycle produc-
tion facility in Russia, is a valuable information source for analyzing consequences of occupational exposure.

Our objective was to analyze somatometric parameters of newborn children of Mayak PA workers who were occupa-
tionally exposed to pre-conception external gamma-radiation.

We retrospectively analyzed anthropometric measurements of 13,880 newborn children, all born in 1949-1973; 9321
children were conceived by parents who were long-term occupationally exposed to radiation at Mayak PA. The analysis
covered the core anthropometric elements including height, weight, head circumference, and chest circumference. Develop-
ment proportionality was estimated by using Quetelet, Vervek — Vorontsov's, and Erismann indexes. We estimated a correla-
tion between anthropometric measurements and accumulated parental pre-conception external gamma radiation dose and
calculated relative risk coefficients and odds ratio with 95 % confidence interval.

We established that parents were exposed to a wide range of external gamma radiation doses, up to 4075.6 mGy to the
ovaries and 5653.1 mGy to the testicles. There was a weak correlation between newborns' height and weight and parental
exposure. We also detected a trend for a decrease in newborns' body mass with increasing accumulated pre-conception dose
of external gamma radiation to the ovaries and, conversely, for an increase in it with a growing dose to the testicles. We
revealed a statistically significant increase in height and weight among children conceived and born by Mayak PA workers,
namely, a greater share of children with high body mass at birth. Analysis of children’s somatotypes confirmed excessive
values of proportionality indexes that showed height and weight measurements among children of exposed parents. Addi-
tional analysis of firstborns and children with proper duration of gestation produced the same results. Risk assessment indi-
cated there was significant prevalence of children with high body mass among offspring of exposed people.

We also assessed physical development of Mayak PA workers' newborns taking into account the latest data on long-
term occupational exposure; this assessment is vital for epidemiological monitoring over health of children born by person-
nel employed at radiation-hazardous production facilities.

Key words: physical development, newborns, radiation-hazardous production facilities, pre-conception exposure, dose
to the gonads, Mayak PA personnel, offspring, Quetelet index, Vervek — Vorontsov' s index, Erismann index.

Consequences of parental exposure for
their offspring’s health are an open issue that
should be given attention by scientific experts
[1, 2]. It particular, it is vital to directly assess
risks of heritable effects [3, 4] since there are
rather few research papers on the matter. An-
thropometric measurements of offspring re-
flect a significant aspect in ontogenetic devel-
opment and can be used as a valuable criterion
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in assessing effects produced by preconception
exposure.

At present there are rather controversial es-
timates given to peculiar physical development
of children born to parents who were exposed
to radiation prior to conception. N.N. Evtu-
shnko with colleagues [5] examined 653 infants
who were born in families living in settlements
alongside the Techa river and exposed to ioniz-
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ing radiation due to emergencies at nuclear pro-
ductions. The authors described retarded physi-
cal development in 3-month infants in families
where parents were exposed to higher doses
(27.3 sSv to the gonads and 109 sSv to the hy-
pophysis) against the offspring of unexposed
parents. S. Chen and others [6] examined
92,492 infants; 9,275 of them had low birth-
weight. The authors detected that fathers’ pre-
conception exposure was the primary risk factor
causing low birthweight among children (odds
ratio (OR) was 1.537, confidence interval (CI)
was 1.083-2.181). Besides, they noted that ex-
posed fathers tended to have premature babies
more frequently.

Similar trends were described by M.G. An-
dreassi with colleagues [7] when they assessed
influence exerted by occupational exposure on
reproductive outcomes among personnel work-
ing at a heart catheterization laboratory and ex-
posed to an annual dose equal to 1-10 mSv/year.
They showed that chronic occupational exposure
of male workers correlated with higher preva-
lence of low birthweight among their offspring
(OR=2.7,CI 1.1-6.3).

N.P. Petrushkina performed a prospective
complex assessment of physical development
parameters among 606 children born by parents
who were employed at a nuclear enterprise. She
noted that “deteriorated physical development”
was authentically more frequent among chil-
dren with both parents being occupationally
exposed and among children born b?/ mothers
with accumulated dose up to 100 sGy .

Meanwhile, Magnusson L.L. with col-
leagues [8] described disharmonic physical
development and high birth weight among off-
spring of males who were occupationally ex-
posed to radioactive isotopes in biomedical
research laboratories (OR = 1.8, CI 1.0-3.2).
T. Herrmann with colleagues [9] analyzed cri-
teria of normal development and biological
maturation terms in families where a parent
had radiation therapy due to a malignant neo-
plasm with a dose to the gonads varying from
0.01 to 2 Gy. The authors detected a trend for

preterm delivery (52.5 % children were born
prematurely) but still, birthweight was normal
in all cases and though the skeleton maturing
was a bit retarded, otherwise children devel-
oped within physiological standards.

Therefore, at present there are no unified
conclusions with respect to assessing risks of
somatometric deviations in children whose
parents were exposed to radiation prior to con-
ception. This proves the necessity to examine
offspring’s health involving assessment of
contribution made by parental exposure.

“Mayak’ Production Association (“Mayak”
PA) is the first industrial nuclear facility. In 1948
the first uranium-graphite industrial reactor in
Russia (and on the continent as well) was put
into operation there and reached its planned op-
eration capacity. Mayak PA personnel, the major
part of them being at their reproductive age,
might have been exposed to substantial doses at
their workplaces. Examining health risks for off-
spring of people who are occupationally exposed
to technogenic ionizing radiation seems interest-
ing not only as a scientific issue but also as a vi-
tal aspect in regulating hygienic standards at ra-
diation-hazardous production facilities.

Our objective was to analyze somatomet-
ric parameters of newborn children of Mayak
PA workers who were occupationally exposed
to preconception external gamma-radiation.

Materials and methods. Necessary data
for a retrospective epidemiological study were
taken from the Ozersk Children’s Health Reg-
ister. Ozersk is a closed town located in the
vicinity of the nuclear enterprise. The register
was created and has been kept at the Radiation
Epidemiology Laboratory, Southern Urals
Biophysics Institute of FMBA of Russia; it
contains medical and social data from archive
out-patient case histories of children living in
Ozersk [10]. Data on parental individual occu-
pational exposure were taken from the Mayak-
2013 Workers Dosimetric System [11]. The
system provides data on accumulated external
gamma-radiation doses to the gonads and
equivalents of photon radiation doses Hp (10).

! Petrushkina N.P. Zdorov'e potomkov (1-2-¢ pokoleniya) rabotnikov pervogo predpriyatiya atomnoi promyshlennosti —
proizvodstvennogo ob"edineniya «Mayak» (kliniko-epidemiologicheskoe issledovanie) [Health of offspring (the 1% — 2™ gen-
eration) born by parents who were employed at Mayak PA, the first nuclear industrial enterprise in the country (clinical-
epidemiological research)]: the thesis for the Doctor of Medical Sciences degree. Moscow, 2003, 371 p. (in Russian).
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Table 1
Data taken from the Ozersk Children’s Health Register (children born in 1949—-1973)

A number of people in the Ozersk Children’s Health Register
Offspring Including measured accumulated occupational
Yegrs of Mayak PA preconception exposure
of birth Male | Female Total workers Only father Only mother Both parents
abs. % abs. %* abs. %* abs. %o*

1949-1953 | 594 711 1305 539 41.3 193 35.8 97 18.0 58 10.8
1954-1958 | 1903 1880 3783 1619 42.8 753 46.5 257 15.9 391 242
1959-1963 | 3386 3151 6537 2877 440 | 1996 | 694 | 201 7.0 330 11.5
1964-1968 | 2596 2437 5033 2285 454 | 1691 | 74.0 103 4.5 157 6.9
1969-1973 | 2854 2771 5625 2001 356 | 1426 | 713 83 4.1 97 4.8
1949-1973 | 11,333 | 10,950 | 22,283 9321 41.8 | 6059 | 65.0 | 741 7.9 1033 11.1

N o t e : * means the shares from the number of Mayak PA workers' offspring.

The present work covers a 25-year obser-
vation period focusing on children living in
Ozersk (born in 1949-1973) including the first
generation of Mayak PA workers’ offspring.
Initial data are outlined in Table 1.

We created our examined groups as follows:

— the test group: we extracted data from
the Ozersk Children’s Health Register on the
first generation of Mayak PA workers’ off-
spring; workers were hired in 1948-1982 and
were occupationally exposed to radiation prior
to conception; children were born in Ozersk in
1949-1973. Our ultimate sampling to be ex-
amined amounted to 9321 children, 51.2 %
(4776) boys and 48.8 % (4545) girls;

— the reference group: we extracted data
from the Ozersk Children’s Health Register on
children born by non-exposed parents (parents
had not been occupationally exposed prior to
conception, had never taken part in eliminating
consequences of radiation emergencies, and
hadn’t moved to the city from territories with
radioactive pollution); children were born in
Ozersk in 1949-1973. The reference group
was made up of 4559 children, 43.8 % (1996)
boys and 56.2 % (2563) girls.

Both groups were comparable as per years
of birth, sex, and the place of birth being the
same, Ozersk. We excluded children who
weren’t born in the city and came to live there
in their childhood from our research. It was

done to ensure that our analyzed groups had
the same climatic and geographic living condi-
tions and the same scope and quality of avail-
able medical services.

Somatometric parameters were estimated
bearing in mind physiological norms for chil-
dren development, both those that were ap-
plied in pediatrics during the first decades in
the observation period” and established later
[12—-14]. We examined the core anthropomet-
ric elements of newborns including weight,
height, head circumference, and chest circum-
ference. Development proportionality was es-
timated by calculating the following indexes:

— Quetelet index I or weight-height in-

dex (QI):
_ weight (g)
height (cm)
— Vervek — Vorontsov’s index (VVI):
VVI=
B height (cm)
2 -weight (kg) + chest circumference (cm)

— Erismann index (EI):

EI = chest circumference (cm) —
_ height (cm)
2

2 Rukovodstvo po pediatrii: v 10 t. [Guide on pediatrics: in 10 volumes]. In: A.F. Tur ed. Moscow, Medgiz, 1960, vol. 1,
Anatomo-fiziologicheskie osobennosti detskogo vozrasta [ Anatomic and physiological peculiarities of children], 576 p. (in Rus-
sian); Mazurin A.V., Vorontsov I.M. Propedevtika detskikh boleznei [Preliminary study of children diseases]. Moscow, Med-

itsina, 1985, 432 p. (in Russian).
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The data were statistically analyzed with
Statistica Version 10 software package
(StatSoft, USA). We applied Kolmogorov —
Smirnov test to check whether distribution was
normal. Descriptive statistics for normally dis-
tributed indicators was given as mean values
(M) £ standard quadratic deviation (S); in case
distribution wasn’t normal they were given as
median (Me) and interquartile range (25-th and
75-th percentiles). When comparing values in
two groups that were not normally distributed,
we applied non-parametric Kolmogorov -
Smirnov and Mann — Whitney tests. We de-
termined statistical significance of differences
between the analyzed groups using y” test.

We estimated correlations between an-
thropometric measurements and parental ac-
cumulated preconception exposure dose of ex-
ternal gamma-radiation using Spearman’s rank
correlation coefficient. A share of dispersion
that could be explained was calculated as per
the following formula: r?> x 100 (%). Differ-
ences were considered statistically significant
at p < 0.05. We calculated relative risk (RR)
and odds ratio (OR) of deviations in physical
development among offspring of exposed and
non-exposed parents with 95 % confidence
interval (CI).

Results and discussion. Mayak PA work-
ers might have been exposed to excessive radia-
tion at their workplaces during the first years of
the facility operations since they had to manu-
facture ionizing radiation sources for industrial
and military use in a short time, they lacked
necessary experience in working with such ma-
terials, technologies were rather underdevel-
oped, and radiation safety standards existing at
the moment were also inadequate.

We analyzed accumulated preconception
exposure in parents employed at Mayak PA
and detected apparent spread in values caused
by variable occupational exposure scenarios
(Table 2). Overall, paternal preconception ex-
posure was higher than maternal exposure ac-
cording to dosimetric data on a range of accu-
mulated technogenic external gamma-radia-
tion. At the same time there were only slight
differences in medians of parental doses both
to the gonads and individual equivalents of
photon radiation doses Hp (10).
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We comparatively analyzed data taken
from children’s out-patient case histories and
revealed certain differences in newborns’ clini-
cal records between the groups. According to
data on gestation, a specific share of children
with normal gestation was similar in both
groups and amounted to 84.8 % (7903 children)
in the test group and 84,5 % (3851 children) in
the reference group, p > 0.05. But at the same
time premature children were significantly
more frequently detected in the reference group
against the test one (4.7 % (214 children)
against 3.4 % (319) accordingly, p < 0.01) as
well as postmature children (0.7 % (34 cases)
against 0.4 % (41) accordingly, p = 0.02). There
were no archive data regarding gestation age on
1058 children (11.4 %) in the test group and
460 (10.1 %) in the reference one (p = 0.025).

Majority of children in both groups were
born in single pregnancies and only a very
small share were born in multiple ones, 1.3 %
(119) in the test group and 1.2 % (54) in the
reference group, p > 0.05.

Compromised obstetric-gynecological case
history was detected significantly more fre-
quently in mothers of children from the test
group, 33.7 % (3143 against 30.1 % (1373) in
the reference group, p < 0.01. Induced abortion
prevailed among such pathologies and it could
probably be due to underdeveloped contracep-
tive techniques, especially during the first years
of the observed period. Two and more medical
abortions were detected in 19.3 % cases
(1799 mothers) in the test group and in 17.4 %
(791 mothers) in the reference one, p > 0.05.

Besides, we can’t exclude a probable risk
of miscarriage caused by occupational expo-
sure. It is well-known, that exposure of the fe-
male reproductive system and a mother’s body
as a whole can not only induce mutations in
ovules and their predecessors but also result in
distorted intrauterine development due to
changes in the physiological condition of the
reproductive organs, placenta, and organs re-
sponsible for neuroendocrine regulation as well
as due to a decrease in adaptive capabilities of
the body [15]. However, it is impossible to spot
out miscarriages caused by occupational expo-
sure in obstetric-gynecological case histories
since there are no available data on the matter.
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Table 2

Accumulated parental preconception doses of external gamma-radiation

Preconception doses | Range of doses | M+s | Me[Q25; Q75]
Mother preconception exposure
Doses to the ovaries, mGy 0.01-4075.6 385.9+525.3 166.1 [37.0; 540.5]
Hp (10) doses, mSy 0.01-6697.3 564.6 + 788.2 235.1 [51.4; 782.3]
Father preconception exposure
Doses to the testicles, nGy 0.01-5653.1 4229 +634.6 168.4 [45.6; 510.0]
Hp (10) doses, mSy 0.01-6918.3 489.9 +723.4 195.8 [48.2; 600.3]

N o te: M is mean value, Sis standard deviation; Me is sampling median, [Q25; Q75] is interquartile range.

Table 3
Parameters of newborn’s physical development
Mzts Me [Q25; Q75]
Parameters Total | Boys | Girls Total Boys Girls
Test group
BW,kg | 347+052* | 3.54£052% | 339+£05* | 35[3.2;3.8] | 3.55[3.23;3.86] | 3.4[3.1;3.7]
H,cm | S51.7+£25% | 52.1+25 | 513+£243*% | 52[50; 53] 52 [51; 54] 51[50; 53]
HC,cm | 356+ 15% | 359+ 15% | 354+ 143 36 [35; 36] 36 [35; 37] 35 [35; 36]
CC,cm | 347+16 | 349+16 | 344+152 35 [34; 36] 35 [34; 36] 35 [34; 35]
Reference group

BW,kg | 339+053 | 347+054 | 333052 | 3.4[3.1;3.7] 35[3.15;3.8] | 3.35[3.03;3.65]

H, cm 514+25 | 5194261 | 51.1+24 52 [50; 53] 52 [50; 53] 51 [50; 52]
HC,cm | 355+15 | 3575+153 | 3525+15 36 [35; 36] 36 [35; 37] 35 [35; 36]
CC,cm | 345+16 | 3478168 | 343+16 35 [34; 35] 35 [34; 36] 34[34; 35]

Note: BWis body weight, H is height, HC is head circumference; CC is chest circumference; M is mean
value, Sis standard deviation, Meis sampling median, [Q25; Q75] is interquartile range; * means difference be-

tween the groups are significant.

A number of stillbirths was comparable in
both groups, 1.7 % (160 cases) in the test group
and 1.6 % (74 cases) among offspring of unex-
posed parents, the reference group, p> 0.05.

We detected a statistically significant dif-
ference between the groups in distribution of
pregnancies as per their ordinal number.
Secundiparas were more frequent in the test
group (42.3 % cases or 3940 women), whereas
there were only 37 % such cases in the refer-
ence group (1687), p < 0.001. Average age of
a mother at the moment of birth amounted to
25.9 years in the test group and to 25.1 in the
reference group; average age of a father, 27.1
and 25.1 years accordingly.

Parameters of newborns’ physical devel-
opment are comparatively described in Table 3.

Our analysis of somatometric parameters
revealed statistically significant differences
between the groups as per the following an-
thropometric measurements: weight, height,

40

and head circumference. Figure 1 shows
graphic description of birthweight.

Despite apparent similarities and rela-
tively close values, newborn’s weights were
still significantly higher in the test group than
in the reference one, both totally (p < 0.001),
and when distributed as per sex (p < 0.001).

Newborns’ heights had a wider spread of
values among offspring of Mayak PA workers,
a higher median value (Figure 2) and were sta-
tistically significantly different from values
detected in the reference group, both totally (p
<0.001) and among girls (p < 0.001).

We established a small but still statisti-
cally significant difference in head circumfer-
ence among offspring of exposed parents,
both in the whole group (p < 0.001) and
among boys (p = 0.02). A range of head cir-
cumference values was wider in the reference
group where we detected the maximum val-
ues in children with hydrocephaly. Minimal

Health Risk Analysis. 2022. no. 1
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values of head circumference were detected
among Mayak PA workers’ children; how-
ever, a number of newborns with head cir-
cumference being lower than the 10-th per-
centile (less than 33 cm) was significantly
higher in the reference group, 5.6 % (254)
against 4.4 % (410) in the test group, p =
0.0024.We comparatively analyzed gestation
age of these children and didn’t establish any
significant differences (p > 0.05).

There were slight differences in chest cir-
cumference between the groups, and, as a rule,

Figure 1. Description of newborns’
birthweight in the groups

the parameter corresponded to physiological
standards of newborns development. Having
compared the parameters between the groups,
we didn’t detect any statistically significant
differences.

Table 4 provides data on estimates of de-
velopment proportionality with determined
anthropometric indexes.

Orientation estimates of somatotype with
Erismann index didn’t detect any significant
differences between the two groups and in
general conformed to age standards. At the

Figure 2. Newborns’ heights
in two groups

Table 4
Comparative characteristics of proportionality indexes
Index Total | l\]g:yj | Girls Total | ve [Q]ifysQ Zl | Girls
The test group

o 069797 | 617=TE | 660%78 [62.?)?;1 8] [63.?)?.’?2.5] [616.2;571]
VI 1242005 | 1242004 | 1254005 | 2122;‘ - [1'211;2;" _ '212-;2;"27]

EI 8.79+0.01 885002 | 875+0.02 " 3;'%' . [8.3;-2.5] [8'3;-%'5]

The reference grou

QI 65.6=8.1 66.6+ 8.2 649480 | (o ng-;)%] [612?-731.6] [606.(5);470]
VVI 1.2540.05 1255004 | 1252005 | 2122;‘ - [10212';2;‘. —_ .212;2;‘.28]

- S82002 5844004 8.78+0.03 [8.3;.%.5] [8.3;%.5] [8.3;.%.5]

N o te: M is mean value, Sis standard deviation; Me is sampling median, [Q25; Q75] is interquartile range; *
means difference between the groups are significant.

ISSN (Print) 2308-1155

ISSN (Online) 2308-1163

ISSN (Eng-online) 2542-2308

41




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

same time, higher values of Vervek — Voront-
sov’s index were authentically more frequent
among unexposed parents’ offspring, both in
the group as a whole (p = 0.013), and among
boys as well (p = 0.033). This is additional
evidence that birthweight values were higher
in the test group than in the reference one.

Vervek — Vorontsov’s index shows how
proportionate development is if taken as per
ratio of lateral and longitudinal sizes. Having
comparatively analyzed its structure as per its
numeric values, we didn’t detect any signifi-
cant differences. There were no newborns with
the index being lower than 0.85 (indicating
brachymorph, that is lateral sizes being greater
than longitudinal ones) in either group. Meso-
morph type (0.85-1.25 VVI) was detected in
more than a half children in each group,
58.4% (3694) in the test group and 57.6 %
(1844) in the reference one, p > 0.05. There
wasn’t any statistically significant difference
in a number of newborns with VVI value ex-
ceeding 1.25 (which indicates dolichomorphic
body type or moderate prevalence of longitu-
dinal sizes) either.

We detected the most significant differ-
ences between the two groups when comparing
Quetelet 1 index that reflected weight and
height and allowed determining whether a child

had good nutrition during its antenatal life.
There was a great variability in the index values
in the test group (Figure 3). And though aver-
age values of the index in both groups generally
conformed to the standards of newborns’ physi-
cal development, our comparative analysis estab-
lished significant higher Quetelet I index values in
children born in families of Mayak PA workers,
both in the group as a whole (p < 0.001) and dis-
tributed as per sex (p<0.001).

Long-term observations over people who
lived on territories alongside the Techa river
with considerable radioactive pollution [16]
established that in general physical develop-
ment of offspring in that exposed population
was within its physiological standards. Still,
there was a trend for growing frequency of
newborns with high birth weight and “low
birthweight” ones.

Table 5 provides data on distribution of
newborns in the analyzed groups as per their
weights: low birthweight (500-2499 grams),
normal weight (2500-3499 grams) and high
birthweight (3500 grams and more) with cal-
culated median of parental preconception oc-
cupational exposure doses for each interval.
There were data on birthweight of 8480 chil-
dren in the test group (51.2 % (4339) boys and
48.8 % (4141) girls) and 4186 children in the

Figure 3. Quetelet [ index in the groups
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Table 5
Newborns distributed as per birthweight
Low birthweight Normal birthweight High birthweight
Sex (500-2499 grams) (2500-3499 grams) (3500 and more)
Mother Father Mother Father Mother Father
0 0, 0,
Abs. (%) dose dose Abs. (%) dose dose Abs. (%) dose dose
Test group (N = 8480)
3926%* 4276%
*
Total |278*(3.3)| 189.1 134.5 (46.3) 167.4 1454 (50.4) 153.6 184.9
sk
Boys | 114*(1.3) 85.4 1293 |1784* (21)| 161.2 1434 %;gg) 149.1 188.9
. 2142%* 1835%*
Girls | 164 (2.0) 190.2 134.5 (25.3) 180.4 150.5 (21.6) 159.4 179.4
Reference group (n=4186)
Total | 188 (4.5) - - 2117 (50.6) - - 1881 (44.9) - -
Boys | 72(1.7) - - 816 (19.5) - - 949 (22.7) - -
Girls | 116 (2.8) - - 1301 (31.1) - - 932 (22.3) - -

Note: Dose is a median of accumulated external gamma-radiation to the gonads prior to conception, mGy;
* means differences from the reference group are statistically significant.

reference group (43.9% (1837) boys and
56.1 % (2349) girls). Data on the remaining
children were missing due to absence of infor-
mation about physical development during the
neonatal period in some archive case histories.

Development of newborns estimated as
per birthweight had statistically significant dif-
ferences in the analyzed groups. Thus, a share
of newborns with their birthweight exceeding
3500 grams was higher in the test group than
in the reference one (50.4 % and 44.9 % ac-
cordingly, p< 0.001). The same statistically
significant prevalence of high birthweight ba-
bies was detected among boys in the test group
against the reference one (28.8 % and 22.7 %
accordingly, p < 0.001). At the same time a
number of low birthweight newborns with
prenatal hypotrophy was higher in the refer-
ence group among boys (p = 0,008) and in the
whole group (p <0.001).

Normally developed children significantly
prevailed among unexposed parents’ offspring,
both in the group as a whole and among girls
(p<0.001 and p = 0.005 accordingly) whereas
a number of newborn boys with normal devel-
opment was significantly higher in the test
group (p=0.017).

When we tried to determine any correla-
tions between accumulated parental precon-
ception doses of external gamma-radiation and
newborns’ weights, we had rather ambiguous
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results. Thus, as accumulated doses to the ova-
ries grew, there was a trend for decreasing
birthweight both in the group as a whole and
among girls whereas low birthweight among
boys was associated with low preconception
exposure of mothers. Meanwhile, all the corre-
lations between paternal preconception expo-
sure and newborns’ weight had the same direc-
tions: as an accumulated preconception dose of
external gamma radiation to the testicles grew,
there was an apparent trend for a growing
birthweight of offspring.

Growing birth parity is likely to result in
higher birthweight and this can be a reason of
greater weight-height parameters in newborns.
Since there was a significantly higher number
of secundiparas in the test group (p < 0.001),
we analyzed anthropometry among newborns
again, having excluded children who were
born in the second delivery (Table 6).

Average age of parents when their first-
borns were born amounted to 23.2 years
among mothers in the test group and 22.5
years in the reference group; 24.5 years and
22.3 years among fathers accordingly. Just as
before, the comparative analysis showed that
heights and weights were significantly greater
among firstborns in the test group, both in the
group as a whole and among girls. At the same
time there was no difference in anthropometric
measurements of boys, and we didn’t find any
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Table 6
Parameters of physical development estimated only among firstborns
Mzs Me [Q25; Q75]
Parameters Total | Boys | Girls Total | Boys | Girls
Test group (n = 4058)
BW, kg |3.37 = 0.47%| 3.44 £ 0.48 [3.31 + 0.46*| 3.4[3.1;3.68] | 3.45[3.15;3.71] | 3.3 [3.0; 3.6]
H,cm |51.5+23%| 518422 |51.2+231*% 52 [50; 53] 52 [50; 53] 51 [50; 53]
HC,cm | 355+1.4 | 357+13 |352+1.35| 36 [35; 36] 36 [35; 37] 35 [34; 36]
CC,cm | 345+15 | 347+15 | 343+ 1.44| 35 [34;35] 35 [34; 36] 34 [33; 35]
Reference group (n=2282)
BW, kg |3.32+0.49 [3.41 £0.51]3.26+0.47 | 3.35[3.0;3.64] | 3.43[3.1;3.7] | 3.3 [3.0;3.55]
Hoom | 513+24 |51.7+2.44] 509+2.2 51 [50; 53] 52 [50; 53] 51 [50; 52]
HC,cm | 354+ 1.5 |35.66+1.47|3517+1.4| 35 [35; 36] 36 [35; 37] 35 [34; 36]
CC,cm | 344+1.6 |34.67+1.67| 342+ 1.6 35 [34; 35] 35 [34; 36] 34 [33; 35]

Note: BWis body weight, H is height, HC is head circumference; CC is chest circumference; M is mean
value, Sis standard deviation, Meis sampling median, [Q25; Q75] is interquartile range; * means difference be-

tween the groups are significant.

confirmation of group differences as per new-
borns’ head circumference (p > 0.05).

We also additionally compared anthro-
pometric measurements of children with proper
gestation, having excluded children born in a
premature or retarded birth; the results were
similar: significantly greater body weight and
height of children in the test group, both as a
whole (p < 0.001 and p < 0.025 accordingly)
and among girls (p < 0.05).

Therefore, having analyzed somatometry,
we established significantly greater weight and
height among offspring of Mayak PA workers
with long-term preconception occupational
exposure. We also performed a correlation
analysis to quantitative estimate correlations
between parental doses and newborns’ anthro-
pometric measurements (Table 7).

Correlations between newborns’ heights and
weights and maternal doses of occupational expo-
sure were characterized with authentic signifi-
cance levels both for girls and boys; however,
correlation coefficients were rather low (0.036—
0.051). A weak, though statistically significant
correlation was detected between birthweight and
paternal accumulated doses of occupational expo-
sure in the test group as a whole and among boys.
We didn’t detect any correlations between new-
borns’ height and doses of external gamma-
radiation accumulated by fathers.

A share of dispersion that could be ex-
plained as per the maximum value of the coef-
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ficients didn’t exceed 0.3 %. Therefore, our
analysis established a weak correlation be-
tween height and weight at birth and accumu-
lated doses of parental preconception occupa-
tional exposure to external gamma radiation.

We estimated risk coefficients with re-
spect to deviations in anthropometric meas-
urements of newborns born by exposed and
intact parents. The estimations confirmed all
the aforementioned peculiarities (Table 8).

Babies of high birth weight were statisti-
cally significantly more frequently detected in
families of Mayak PA workers: RR 1.12
(CI'1.08-1.17), OR 1.25 (1.16-1.34). This
regularity was authentic both among boys: RR
1.09 (1.03-1.15), OR 1.2 (1.08-1.34), and
among girls: RR 1.12 (1.05-1.19), OR 1.21
(1.09-1.34). Low and normal weights were
significantly less frequent among newborns of
parents with preconception occupational expo-
sure. The lowest risk of low birthweight was
detected for boys of exposed parents: OR 0.66
(0.49-0.89).

Undoubtedly, it would be a mistake to as-
sume that newborns’ physical development is
associated solely with parental preconception
exposure. There is a great variety of factors
that determine how a fetus grows and devel-
ops, including genetic and biological ones,
trace element deficiency, antenatal patholo-
gies, infectious and somatic pathologies of a
fetus [17, 18]. It is rather difficult to spot out
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Table 7

Correlations between parental preconception exposure and newborns’ height and weight

Mother’s preconception exposure Father’s preconception exposure
Sex Dose to gonads Hp (10) dose Dose to gonads Hp (10) dose
r [ p r [ p r | p r [ p
Birthweight
Boys 0.051 <0.001 0.051 <0.001 0.041 <0.01 0.04 <0.01
Girls 0.036 0.019 0.036 0.019 0.022 > 0.05 0.022 >0.05
Both sexes 0.043 <0.001 0.043 <0.001 0.033 <0.01 0.032 <0.01
Height at birth
Boys 0.037 0.016 0.037 0.016 0.024 >0.05 0.022 >0.05
Girls 0.038 0.016 0.038 0.017 0.01 >0.05 0.01 >0.05
Both sexes 0.038 <0.001 0.038 <0.001 0.017 >0.05 0.016 >0.05
N o te:ris correlation coefficient; p is the significance level.
Table 8
Relative risk (RR) and odds ratio (OR) of deviations in birthweight
. . Outcome RR OR
Birthweight Group Yes | No (95 % CI) (95 % CI)
Boys
. Exposed* 114 4225
Low weight Non-exposed ) 1765 0.67 (0.5-0.9) 0.66 (0.49-0.89)
. Exposed 1784 2555
Normal weight Non-exposed 216 021 0.93 (0.87-0.98) 0.87 (0.78-0.97)
. . Exposed 2441 1898
High weight Non-exposed 949 283 1.09 (1.03-1.15) 1.2 (1.08-1.34)
Girls
. Exposed 164 3977
Low weight Non-exposed 116 733 0.8 (0.64-1.01) 0.79 (0.62-1.01)
. Exposed 2142 1999
Normal weight Non-exposed 301 1043 0.93 (0.89-0.98) 0.86 (0.78-0.96)
. . Exposed 1835 2306
High weight Non-exposed 932 a7 1.12 (1.05-1.19) 1.21 (1.09-1.34)
Both sexes
. Exposed 278 8202
Low weight Non-exposed 188 3998 0.73 (0.61-0.87) 0.72 (0.6-0.87)
. Exposed 3926 4554
Normal weight Non-exposed 217 2069 0.91 (0.88-0.95) 0.84 (0.78-0.91)
. . Exposed 4276 4204
High weight Non-exposed 1881 2305 1.12 (1.08-1.17) 1.25(1.16-1.34)

N o te: * means children whose parents were occupationally exposed prior to conception.

a leading factor that makes for developing on-
togenetic disorders.

Previously we assessed physical devel-
opment of newborns born by female Mayak
PA workers with preconception occupation
exposure to external gamma-radiation by per-
forming a factor analysis. Apart from mater-
nal exposure to radiation (15.3 % of disper-
sion) the analysis highlighted antenatal fac-
tors (13.8 %), obstetric-gynecologic case
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history (13.5 %), and mothers having bad
habits (9.7 % of dispersion) [19]. Besides, a
great contribution to children’s physical de-
velopment could be made by medical and so-
cial peculiarities of families living in the ana-
lyzed closed town [20]. This requires certain
attention and further investigation and analy-
sis including those focused on estimating con-
tributions made by non-occupational parental
exposure.
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Conclusion. Anthropometric measure-
ments are among the most significant parame-
ters of a fetus and a newborn and they can be
valuable for assessing effects produced by pre-
conception exposure. We performed this retro-
spective analysis of newborns’ anthropometric
measurements covering data on 13,880 children
born in Ozersk in 1949-1973, 9321 of them
being born by parents with long-term precon-
ception occupational exposure at Mayak PA.

Our overall research results indicate that,
together with significant differences between
the groups as per gestation age, birth parity,
and mothers’ reproductive health, height and
weight at birth were significantly higher
among newborns of Mayak PA. Distribution
as per different birthweight categories revealed
a greater contribution made by babies of a high
birth weight (more than 3500 grams) among
offspring of people with preconception occu-
pational exposure against the reference group,
p <0.001. We comparatively assessed somato-
types using proportionality indexes and estab-
lished both significance of anthropometric
measurements showing height and weight pa-
rameters and their higher values among chil-
dren of Mayak PA workers.

Having examined possible correlations be-
tween anthropometric measurements and do-
simetric characteristics of parental exposure, we
established an apparent trend for growing birth-
weight with increasing accumulated preconcep-
tion doses of external gamma-radiation to the
testicles and a trend for decreasing birthweight

with growing accumulated preconception doses
to the ovaries. At the same time quantitative as-
sessment of an association between parental pre-
conception occupational exposure and new-
borns’ height and weight showed a statistically
significant but rather weak correlation.

Our assessment of risk coefficients
showed that low birthweight and normotrophy
were statistically significantly less frequent
among offspring of Mayak PA workers. At the
same time, newborns of high birth weight
(more than 3500 grams) significantly prevailed
in this group and this fact confirms all our pre-
vious calculations.

By using a cohort including offspring of
Mayak PA workers, we obtained an up-to-date
estimation of anthropometric measurements at
birth taking into account updated data on doses
of long-term parental occupational exposure.
The established peculiarities of newborns’
physical development can enhance our over-
view of trends in epidemiologic monitoring
over health of children born by workers em-
ployed at radiation-hazardous productions and
determine new prevention strategies.
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