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GENERAL DESCRIPTION OF THE STUDY Relevance of a problem
The theory of “hypothesis of fetal origin” significantly changed the ideas
about the development chronic diseases. “Fetal programming” is fully new
word in the medicine of XXI century. Fetal programming and the idea
about the formation of transgeneration non-genetic diseases has very
important viewpoint in modern medicine.

The association of prenatal environment and the risk of the development
of diseases in adulthood have been firstly suggested by Barker and Osmond
in 1986. They showed that low birth weight is related with the heart
ischaemic disease in adulthood. Now, the prenatal programming of
adulthood diseases is associated with such chronic diseases as metabolic
syndrome, diabetes mellitus type 2, hypertension, cardiovascular diseases,

schizophrenia, osteoporosis, overweight/obesity and asthma (Global



Initiative for Asthma, 2018). Therefore, despite the genetic reasons of
chronic diseases, various epigenetic factors have influence on these
diseases on the prenatal stage.

Data of many modern studies has shown that more than 100 genes are
related with asthma. Some identified genes are significantly associated
with the development of asthma. The hypothesis of fetal programming has
been added to the new factors. According to this hypothesis the damages
in fetal development may determine the restriction of resources for organ
development and cause the high prevalence of adulthood diseases. It is
important to note that genetic status modulates the sensitivity to the
asthma in various enviroment. It is concerned to the industrialized
environment, contaminated air and microbial-deprived ecology. They
polarized immune response to the allergy towards the

increase of sensitivity. The last studies established that sensitivity to the
allergy may occur at the stage of fetal programming and the impact on the
fetal environment may lead to the epigenetic programming of adulthood
disease (Michelson PH et al., 2009).

Fetal programming, asthma and wheezing found out the attention of
investigators during last several years. Today this problem is the subject of
actual studies towards the identification of predictors and the association
between fetal development and asthma.

It is also important that these environmental factors may be various by

countries — among of them cultural differences and various



epidemiologic factors of chronic pathologies/conditions. Accordingly,
studied problem has a global and national importance. It is required to
carry out the investigations in various populations to establish the full
spectrum of risk-factors. It is also necessary to define the
populationspecific aspects to fill in the existed scientific knowledge and
the opportunity of its implementation.

Aim of the Study

The aim of the presented study was to define the impact of some aspects
of fetal programming (nongenetic factors) on the development of

wheezing-related diseases in early childhood age (<1.5 years) and

childhood asthma (6-8 years of age).

Objectives of the Study
To achieve this aim following objectives were set:

* The assessment of frequency of asthma risk-factors and wheezing
related diseases in Georgian childrenof 6-8 years of age;

* The establishment of association between of Selenium and C-reactive
protein levels in maternal and umbilical cord blood, and characteristics
of newborn health, the existence and frequency of
wheezing;

* The establishment of association between maternal prenatal stress

and some newborn health characteristics;



* The establishment of the association of various factors in fetal and early
childhood period with future development of asthma in

childhood;

Scientific Novelty of the Study

Obtained results fill in the knowledge of some aspects (non-genetic
factors) of fetal programming; in particular, the tight association of low
Selenium levels with the development of wheezing and asthma
phenotype; the relation of Selenium levels in maternal blood during
pregnancy with the maternal stress; the impact of these factors on the
parameters of fetal development and newborn health — gestation age, birth
weight, duration of breastfeeding period, character and frequency of
disease (wheezing-related). Study results showed that asthma diagnosis in
the children of 6-8 years of age is significantly associated with frequency
of wheezing in early childhood period and the frequency of referral
requirements. The increase of C-reactive protein (CRP) levels together
with decreased selenium levels in umbilical cord blood was

considered as the opportunity of non-adequate response on

inflammation/stress in newborns.



Practical Significance of the Study

The study results may be considered as the basis of recommendations about
the scheme of individual patronage of children, in particular, SGA (Small

For Gestational Age) newborns.

Approbation of the Study

The approbation of Ph.D. Dissertation was held on the meeting of

Georgian Academy of Pediatrics in the Pediatric Clinic “GlobalMed” on

April 17, 2019. (Protocol # 17.04.2019)

The main issues of dissertation were presented at:

» Asthma, Allergy and COPD VIII World forum Singapore, 2015;

* Meeting of the Committee of WHO/EFMA (WHO/European Forum of

Medical Associations) Tbilisi, Georgia, 2015;

* 7™ International Medical Congress Batumi, Georgia, 2016;

* Asthma, COPD and Immunnopathology X World Congress, Dubai,
2016;

* 21 Annual Meeting of Academy of Breastfeeding Medicine
(Washington, USA, 2016, Poster Presentation), 23" Annual Meeting of

Academy of Breastfeeding Medicine, San Francisco, USA, 2018.

On the research topic of the dissertation, 8 scientific articles were

published, reflecting all the main results of the study. The dissertation



corresponds with the requirements of the statement about awarding

academic degree.

Volume and Structure of the Dissertation

Ph.D. Dissertation consisted of 105 pages and following parts:
Introduction, Literature Review, Material and Methods, Study Results,
Discussion, Conclusions, Recommendations, References, Appendix (used
Questionnaire). Ph.D. Dissertation consisted of 10 tables and 24

diagrams. 114 citations are in the list of References.

MATERIALS AND METHODS OF THE STUDY

Study was performed by two designs: Cohort Prospective and Case-

Control.

Cohort Prospective Study:

- Inclusion criteria: 13-17 week of pregnancy; the informed consent of
pregnants.

- Exclusion criteria: extragenital diseases.

32 pregnants were included.



From labours 13 (41%) were first, 14 (44%) — second, 5 (15%) — 34 and
more.

Mean age - 28.2 years.

Observation has been continued during pregnancy. The existence of
maternal prenatal stress and its character has been assessed by

questionnaire.

The serum preparation (1 ml) was performed and storred from maternal

blood specimens under lab-specific conditions and study parameters were

determined in ,Synlab MVZ Leinfelden GmbH".

Umbilical cord blood specimens were obtained during delivery

(physiological and caesarian section).

From 32 newborns 15 were boys, 17 — girls.

17 (53%) newborns were born by caesarian section, 15 (47%) -

physiologically. 24 (75%) newborns were full term, 8 (25%) — preterm.

High-sensitive CRP was determined by turbidimetry,

Selenium — by atomic-absorption method.
Cortisol — by chemiluminescence-immunnotesting,

Serotonin by high-quality liquid chromatography.

Reference values of above mentioned biomarkers in maternal and

umbilical cord blood were following:

Maternal blood Umbilical cord blood
CRP (mg/dl) 0.5-1.0 0.5-1.0
< 0.5 bordeline: < 0.5 bordeline:

Se (ug/l) 50--120 23--114



Cortisol(ng/ml) 50-200 3,0-250
Serotonin(ng/ml) 43-224 30-230
Age-specific curves treated by American Academy of Pediatrics (AAP) has

been used to define the SGA:

*  SGA —less than 10 percentiles of mean age value on the population-
specific curves.

* Appropriate for Gestational Age (AGA) - 10-90 percentiles,

* Large for Gestational Age (LGA) — more than 90 percentiles. It was
carried out the monitoring of wheezing diseases, the assessment of the
requirement of stationary and outpatient care by phone survey during
1.5 year.

Case-Control Retrospective Study:

- Inclusion criteria: study group — children of 6-8 years if age with asthma;
control group — healthy children of 6-8 years of age; paternal

informed consent;

— Exclusion criteria: comorbid diseases.

83 children were included in the study: 45 — in control group, 38 — in the
study group. Age was varied in 6-8 years age range.

The distribution by sex was following: Study group - 14 girls, 24 boys;
Control group — 30 girls and15 boys.

International Study on Asthma and Allergy in Childhood (ISAAC)

questionnaire has been used for the paternal survey. It was used the



questions about pregnancy, delivery, birth weight, breastfeeding,
smoking, wheezing frequency, paternal asthma, family living and
material conditions, parental education, the existence of pets in family.
Valid questionnaire of Sarason's Life Experiences Survey has been used to
assess the maternal stress during pregnancy. Questions were concerned to
the pregnancy and stress-factors during pregnancy. The score of answers
were varied from -3 to 3. Stress was assessed as weak if the total score was
in the range 1-5; mild — 5-9; severe — more than 9.

Statistical Analysis

To assess the quantitative values we calculated means and standard
deviations (SD). It was established quantitative values of significance by
the establishment of t criterion, the equity of dispersions was assessed by
Levene’s test, the selection of t-criterion carried out according obtained
results. Frequency (%) has been used to assess the qualitative values; X2
criterion and F (Fischer’s) criterion have been used to assess the difference
between groups. Spearman range correlation has been used for the
calculation of correlation factors. If p<0.05, difference considered as

significant. Software SPSS 22.0 has been used for the statistical analysis.

STUDY RESULTS AND DISCUSSION

Results of Case-Control Study in Georgian children of 6-8 years of age with

asthma risk-factors and wheezing.



This part of study has been carried out in 83 children — 38 with asthma, 45
without asthma. 14 girls and 24 boys were included in study group, 30 girls
and 15 boys — in control group. Parental survey carried out by
questionnaires of International Study on Asthma and Allergy in
Childhood (ISAAC) and Sarason's Life Experiences Survey. The
frequency of cases with normal gestation age was significantly lower and
the frequency of cases with low birth weight (<2500 g) was significantly
higher in study asthma group. The duration of breastfeeding period in
these children was lower compared to control group, the development
with maternal prenatal stress was often. Asthma and flower mound allergy
cases were significantly higher in parents of children with asthma.
Retrospective study showed that the frequency of wheezing

episodes (from birth to 2 years of age) was significantly higher in study
group in comparison with controls. The requirement of hospitalization
due to the wheezing was significantly higher in children with asthma

(Diagram #1).

Diagram #1. Frequency of wheezing episodes (%) in asthma and control

groups (x?=14.294, p=0.006).
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The frequency of the requirement of hospitalization in study group was
50% which was higher compared to controls (20%). Hospitalization rate
more than 4 during observation period due to the wheezing was 30% in

study group (Diagram #2).

Diagram #2. The frequency of hospitalization in asthma and control

groups (x?=14.6014, p=0.0056).
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Accordingly, this part of study confirmed that the frequency of wheezing
in Georgian children in early childhood period (from birth to 2 years of
age) was significantly associated with future asthma diagnosis. Such
relation was observed in the characteristics of newborn health This asthma
diagnosis was related with the existence of asthma in parents. It was

important the existence of some social factors and characteristics of



families. It was also important the half of pregnant of children with and
without asthma were under the stress (weak, mild or severe) exposition.

Furthemore, the severe stress was related with only asthma group.

Group Characteristics Related With Laboratory Diagnostics And

Newborn Health: Results of Cohort — Prospective Study

32 pregnants and their newborns were participated in the
CohortProspective Study. The sex distribution of studied parameters in the
newborn groups is given in Table #1. It was not revealed the significant
difference in CRP and Selenium mean concentrations in maternal and
umbilical cord blood, in anthropometric parameters of newborns between
sex groups. Thus, newborn sex has not impact on studied

parameters.

Table #1. Mean values of anthropometric parameters in sex groups

Boy n=15 Girl
Parameter n=17 T
Mean SD Mean SD
CRP levels in
5.20 4.54 4.35 3.97 0.6

umbilical cord blood

Se levels in
umbilical cord blood

Newborn weight,g ~ 2848.0 8940  3264.71 747. -1.4
Newborn lenght, sm  47.67  4.87 49.18 2.70 -1.1

37.27 3.86 37.88 2.03 -0.6

0.581

0.586

0.167
0.298

Selenium Levels In Umbilical Cord Blood And Its
Relation With Newborn Characteristics, Frequency Of Wheezing

Episodes



The study of Se concentration in umbilical cord blood showed that
elevated Se levels in studied specimens have not been identified; it is also
important to note that selenium levels were related with such pregnancy
health problems as hypertension, prescription of antihypertensice

preparations and stress (p<0.01), especially severe stress (p<0.05).

Diagram #3 shows that mean value of gestation age was 38.5 weeks in the
group with normal Selenium levels, and analogous value in the group with
decreased Selenium levels is less by approximately 2 weeks.

Diagram #3. Mean gestation age (weeks) in the groups divided by Selenium

levels in umbilical cord blood
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The anthropometric parameters of newborns have been also studied (see
Diagram #4). Body mass and length of newborns in the group of low
Selenium levels were significantly lower compared to controls. In
addition, the difference in anthropometric data had no impact on the
duration of breastfeeding period. It was expected that breastfeeding period

should be under influence if other factors (cultural, mother

education and/or mood, social factors, etc.).



Diagram #4. Mean values of newborn characteristics in the groups divided

by Selenium concentrations.
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The statistical distribution of the frequencies of newborn characteristics in
the groups divided by selenium levels in umbilical cord blood is given on
diagram #5. Diagram #5 shows that the frequencies of newborn’s RDS
(p=0.03), referrals in NICU (p=0.03), newborns with low birth weight
(<2500 g, p=0.03) in the group with low Selenium levels.

Diagram #5. Newborn characteristics in the groups divided by Selenium

concentrations in umbilical cord blood.
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SGA the distribution of Selenium normal and low concentrations has been

studied in the groups with different birth weights (Diagram #6).



Diagram #6. The distribution of newborns (%) by body weight (g) and selenium levels

in umbilical cord blood.
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Diagram #6 showed that newborns with high birth weight have not the
decreased Selenium levels; together with it the low levels of Selenium was
in 37.5%, which is significantly higher compared to newborns with
normal Selenium levels in this weight category (37.5% vs. 6.25%).

The frequency of wheezing episodes in the groups divided by Selenium
normal and decreased concentrations in umbilical cord blood have been
studied. It was observed that the frequency of wheezing was significantly
higher in the group of newborns with low Selenium levels (Diagram #7).
Diagram #7 describes the number of full referrals (outpatient care and
hospitalization cases) and shows that one-time referral was most often in
both groups; furthermore, 3-times and more referrals were significantly

different between groups.



Diagram #7. The distribution of newborns (%) with the frequency of
wheezing in groups divided by the Selenium concentrations in the

umbilical cord blood (x? = 17.80; p = 0.0376).
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It was the subjet of our interest the distribution of patients who referred
outpatient and inpatient care units in the groups divided by Selenium

levels in umbilical cord blood (see diagrams #8).

Diagram #8. The distribution of the frequencies of hospitalization cases in
the groups divided by Selenium levels in umbilical cord blood (x2 = 8.794;
p=0.0322).
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The difference of frequencies of referrals in outpatient care units in the
groups divided by Selenium levels were not significant. It is mean that
Selenium low levels had not impact on the frequency of referrals in
outpatient care units (Among various causes was wheezing). It is not
surprising that the frequency of referrals in outpatient units is due to many
other reasons. Despite of above mentioned subject, the frequency of
hospitalization was significantly higher in the group of newborns with
Selenium low levels. Diagram #8 shows that the hospitalization frequency
in the group with normal Selenium levels was lower by 25% in comparison
with the group with low Selenium levels. In addition, the requirement of
one-time referral was revealed in 10%, 2-times — also in 10%.
Hospitalization frequency in the group with low Selenium levels was
higher by 40%. In addition, the requirement of one-time referral was
revealed in 25%, 2-times — in 38%, 4-times and more — in

approximately 8%.

Thus, the results of this part of study showed that the low Selenium levels
in umbilical cord blood was significantly associated with anthropometric
parameters of newborns, RDS development and high frequency of

hospitalization.

CRP Levels in Umbilical Cord Blood its relation with

newborn characteristics, frequency of wheezing episodes



The another task of our study was the determination of CRP levels in
umbilical cord blood. The study results showed that gestation age in the
group with high CRP values was lower by approximately 12 days
compared to the group of with normal CRP levels, but this difference
was not significant.

The statistical distribution of frequencies in the groups divided by the CRP
levels in umbilical cord blood is given on Diagram #9. It is well shown that
the group of patients with elevated CRP levels in umbilical cord blood
showed significantly lower mean value of the duration of breastfeeding
period, selenium levels, frequencies of full-term newborns and

significantly higher frequencies of SGA, RDS, LBW, referrals.

Diagram #9. Statistical Distribution of newborn characteristics in the
groups divided by CRP levels in

umbilical cord blood.
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The frequency of referrals due to the wheezing has been investigated in
the groups divided by CRP levels in umbilical cord blood. It was revealed
that the frequency (>4) was significantly higher in the group with high
CRP levels (Diagram #10).

Diagram #10. The distribution of the frequency wheezing cases in the
groups divided by CRP levels in the umbilical cord blood (x2=13.67,
p=0.034).
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The results of analysis showed that the CRP levels did not significantly
impact on the frequency of visits in outpatient care units due to wheezing.

The frequency of hospitalization in the group with high CRP levels was
80% (vs. 23% in the group with normal CRP). In addition, the frequency
of 2-times hospitalization was approximately 55% (Diagram #11).

Diagram #11. The distribution of frequencies of hospitalization in the
groups divided by CRP Levels (x? =
13.67; p = 0.0034).
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Thus, elevated CRP levels in umbilical cord blood were associated with
anthropometric parameters of newborns, RDS development, high
frequencies of referrals in outpatient and inpatient care units. The study
results also showed that high CRP levels in umbilical cord blood was

significantly higher in newborns with low Selenium levels (p=0.008).

The results of correlations between clinical characteristics of newborns

and Lab data obtained from umbilical cord blood

It is important to establish the association between clinical characteristics
of newborns and Selenium and CRP levels of umbilical cord blood. It was
carried out by correlation analysis.

Selenium and CRP levels in umbilical cord blood were significantly
inversely correlated - r=-0.461 (p=0.008). The decrease of Selenium levels
was significantly correlated with: referrals in NICU - r=0.378, p=0.033;
SGA - r=0.348, p=0.051; low birth wieght <2500 g - r=0.378, p=0.033; RDS
- r=0.378, p=0.033; requirement of hospitalization - r=0.524. p=0.002;

wheezing - p=0.0376.



Maternal Prenatal Stress And Its Relation With Newborn Characteristics,
Frequency Of Wheezing Episodes

30% of studied pregnants noted the prenatal exposition of stress. Cortisol
and Serotonin levels have been analyzed in both maternal and umbilical
cord blood (see Diagram #12). Cortisol levels in maternal and umbilical
cord blood were significantly elevated in the group of maternal prenatal
stress in comparison with the group without it (p<0.001), Serotonin levels
— was significantly lower (p<0.001). It is reflected the impact of maternal
prenatal stress on biogenic amines.

Diagram #12. Cortisol and serotonin levels in both maternal and umbilical

cord blood in the groups divided by the existence of maternal prenatal

stress.
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The investigation of maternal prenatal stress on some characteristics of
newborns showed that mean gestation age is lower in stress group
compared to the group without it. However, this difference was not

significant (Table #2).



Table #2. The distribution of newborn characteristics in the groups divided
by the existence of maternal prenatal stress.

Without With Stress
Stress T P
Groups Mean Std. n-1g8 Mean Std.
Deviation

n=14 Deviation
GA, weeks 38.22 2.96 36.79 2940 14 0.18
Birth weight, g 3311.

738. 2758.6 87043 1.9 0.07
1

Birth length, em 49 11 372 47.64 4.050 1.1 0.30

Duration of BF,
months

6.33 4.31 2.71 3.124 28 0.01

Newborns in the group of maternal prenatal stress were characterized by
increase of low birth weight (<2500 g), SGA and pre-term birth cases. The
duration of breastfeeding period was significantly lower in the newborns
of maternal prenatal stress group.

The frequencies of wheezing episodes in the groups divided by the
existence of maternal prenatal stress are presented on Diagram #13. It is
shown that 3 and more episodes of wheezing (right side of diagram) were

significantly often in the group of maternal prenatal stress (p<0.05)

Diagram #13. The distribution of the frequencies of wheezing episodes in
the groups divided by the maternal

prenatal stress (x?=17.236, p=0.0451).
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Thus, this part of study results indicated that maternal prenatal stress has
impact on the characteristics of newborn health (birth weight, SGA), the
frequency of wheezing episodes in children from birth to the 1.5 year of
age, and the duration of breastfeeding period.

Selenium levels in the maternal blood and its association with
characteristics of newborn health, the existence and frequency of
wheezing episodes.

Selenium and CRP levels were studied in maternal blood too. Statistical
distribution of Selenium concentrations in maternal blood are given on
Diagram #14 and #15.

The study results showed that the gestation age in the group with
decreased Selenium levels was lower by approximately 2.5 weeks in
comparison with the group of normal Selenium levels. However, the
difference was not significant (Diagram #14).

Diagram #14. Mean gestation age (weeks) in the groups divided by

Selenium levels in maternal blood.
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was significantly lower in the group with low Selenium levels in maternal

blood.

Diagram #15. Newborn characteristics in the groups divided by Selenium

levels in maternal blood.
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Diagram #16 also indicates that the frequencies of newborns with SGA,

RDS, referral and low birth weight (<2500 g) in the group with low Se

levels in maternal blood compared to the group with normal Se levels.



Diagram #16. The distribution of the newborn characteristics in the groups

divided by the Se levels in maternal blood.
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The frequencies of wheezing episodes in groups of newborns divided by
the Se concentrations in the maternal blood are given on Diagram #17.
The frequency of wheezing episodes in the group with low Selenium levels
of maternal blood was significantly higher compared to the group with
normal Selenium levels.

The frequencies of wheezing episodes in the groups of newborns divided
by the CRP concentrations in the maternal blood showed that the

difference between groups was not significant.

Diagram #17.The frequencies of wheezing episodes in the groups divided

by the Selenium levels in maternal blood (x?><18.257, p=0.0323).
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The frequency of wheezing episodes was increased together with the
decrease of Selenium levels in maternal blood. It was also found out that
low Selenium levels were also associated with some characteristics of
newborn health: low birth weight, newborn RDS, referrals in NICU. The
correlation between Selenium levels in maternal blood and some maternal
social and health characteristics have been analyzed by Spearman

correlation analysis.

Selenium levels in maternal blood were significantly correlated with:
hypertension - r=0.355, p=0.046; prescription of antihypertensive

preparations - r=0.355, p=0.046; severe stress - r=0.469, p=0.007.

Selenium levels in maternal blood were significantly correlated with: SGA
-1=0.448, p=0.010; referrals - r=0.497, p=0.004; frequency of wheezing
episodes - r=0.665; p<0.001; hospitalization - r=0.533; p=0.002; visits in

outpatient care units - r=0.531, p=0.002; low birth weight < 2500 g -



r=0.497, p=0.004; newborn RDS - r=0.366, p=0.050; full-term births- r=-

0.497, p=0.004; duration of breastfeeding period - r=-0.582, p<0.001.

Discussion of Study Results

The study of Selenium levels in umbilical cord blood showed that we did
not reveal elevated concentrations of Selenium. It is important to note that
ontogeneity of human immune system is sensitive to nutrition at the early
(embryonal) stage of fetal development — it is potentially harmfull both

deficiency and excessive intake of macro- and micronutrients.

The study also showed that the selenium levels in maternal blood were
significantly related with some characteristics of newborn health
problems, in particular, SGA, preterm births, low birth weight, duration
of breastfeeding period; the frequencies of wheezing episodes from birth
to the 1.5 year of age; it is important to note that selenium levels in the
maternal blood was related with the selenium levels in umbilical cord
blood. Accordingly, the low Selenium levels in umbilical cord blood were
related with above mentioned characteristics of newborn health.

The relation between SGA and micronutrient deficiency has been also
found out by other researchers (Mistry et al., 2014). In particular, maternal
plasma Selenium levels were significantly lower in SGA cases compared to
the normal newborns. By the data of these researchers, smoking had

significant impact on the Selenium levels. The relation between Selenium



levels and SGA was explained by the reduction of antioxidant defense and
direct influence of this mechanism on fetal growth.

The relation of the frequency of wheezing episodes of children of 1-3 years
of age with the Selenium levels in maternal and children blood has been
showed by other studies (Haider et al., 2015; Christian et al., 2015).
Authors suggested 3 putative mechanisms.

Firstly: Some experimental studies indicated that maternal Selenium
deficiency is associated with the impaired lung development
(MacGillivray, 2014). When the mother lacks selenium, oxidative stress is
not adequately controlled and can therefore cause morphological and
histological damage to the neonatal lung. Hence, selenium may have a
beneficial effect on airway development and may protect against wheezing
in infancy. In fact, it has been shown that an elevated risk of wheezing
may be related to low airway caliber in the very early stages of postnatal
life—a factor that can be decreased even further by viral infections or
postnatal exposure to aeroallergens or tobacco smoke (Fiocchi, 2015;
Ashford, 2018).

Secondly, it has been reported that selenium can modulate inflammatory
and immune responses by influencing not only phagocytosis but also
lymphocyte activation, proliferation and differentiation (Zacarias, 2018).
A number of research studies have suggested that low Selenium levels
favor the differentiation of T-helper (Th) cells towards the Th2 phenotype

associated with asthma and



allergic disease (Broome, 2004; Tsuji, 2015; Manzanares, 2016).

Thirdly, the predominance of childhood wheezing associated with viral
infections prompted Broome et al. [25] to show that low selenium levels
are linked to rapid viral replication and delayed viral clearance (due to a
weak, delayed proliferative response by CD3p T lymphocytes and low
release of interferon gamma). Moreover, it has been demonstrated that
changes in interferon gamma production during the first year of life
predispose children to recurrent episodes of wheezing (from the preschool
age up until adolescence, Stern, 2007). Furthermore, selenium has a
significant role in decreasing the oxidative stress induced by viral infection
(Martinez, 2009). Accordingly, it is possible that low maternal

selenium levels affect the child’s immune functions—making it vulnerable
to viral infections and thus increasing the risk of respiratory symptoms in

infancy.

It is also important that the majority of studied characteristics of newborn
health (preterm birth, low birth weight, the duration of breastfeeding
period, severe stress during pregnancy) is related with asthma well-known
(also population confirmed) risk-factors; also with the frequency of
wheezing episodes and the hospitalization during first 1.5 year of life; this
last above-mentioned factor was significantly related with future diagnosis
of asthma of children. The analysis of these study results and literature

data and argumentation is based on following:



Despite the fact that we did not find an association between maternal
selenium status during pregnancy and asthma (as defined according to
certain criteria) in the child under 3 years, we cannot conclude that
selenium has no influence on the development of asthma during childhood
and

adolescence. Furthermore, the presence of wheezing in early infancy
(often favored by viral infections and environmental factors such as
tobacco smoke, aeroallergens, etc.) can contribute to the subsequent
development of asthma in

childhood and adolescence (Beckhaus, 2015). In fact, many longitudinal
studies have demonstrated that in most cases of asthma in adolescents and
young adults, the first symptoms of the disease (such as wheezing)
appeared during the preschool years (Yang, 2019). It was also shown that
the frequency of wheezing episodes in indanct was associated with a
viral infections of the respiratory tract (Hassan, 2019).

Hence, by contributing to the alteration in the immune response that
predisposes to bronchial obstruction during acute respiratory infections,
selenium deficiency might be a risk factor for wheezing in the early
postnatal period and for the subsequent development of asthma.

It is also important that Selenium levels in maternal blood was associated
with the problems of maternal prenatal period:
hypertension/prescription of antihypertensive preparations and stress

(p<0.01) and, especially, severe stress (p<0.05).



It is important that low Selenium levels of pregnants might be a reason of
depression and stress conditions themselves; the association of low
Selenium levels with the risk of further toxicosis, preeclampsia and
gestation hypertension (the necessity prescription of antihypertensive
preparations) and it needs the further studies.

Thus, the results of our study clearly shows the tight association of low
Selenium levels in maternal and umbilical cord blood with the
development of wheezing and asthma is initiated in fetal period and
continued in childhood period. In particular, the association of Selenium
with anthropometric parameters of newborns (not with gestation age)
should indicate the importance of Selenium levels for fetal development;
the relation of low Selenium levels in umbilical cord blood with the
increase of CRP levels reflects the systematic inflammation/stress and
opportunities of antioxidant responses (in fetal period), the requirement of
referrals in NICU (after birth). The significant relation of these both
markers with the requirement of hospitalization during early 1.5 year of
life (in observation period) should be indicate to the predictor significance
of Selenium towards wheezing-related more complicate

clinical situations.

Conclusions:

1. The diagnosis of asthma in Georgian children of 6-8 years of age

significantly associated with the parameters of fetal development; in



particular, SGA, preterm birth.
. The asthma diagnosis is significantly associated with the frequency of
wheezing in the early childhood period (up to 2 years of age) and

requirement of hospitalization due to the wheezing;

. The low level of selenium in maternal and umbilical cord blood

significantly associated with important asthma predictor factors: low
birth weight, preterm birth, SGA, the duration of breastfeeding
period, maternal prenatal stress, requirement of hospitalization due to
the wheezing in the early childhood period (up to 1.5 years of age);

. The increase of CRP levels together with decreased selenium levels in
umbilical cord blood reflect the existence of systematic

inflammation/stress and non-adequate antioxidant response;

. The increase of CRP in umbilical cord blood significantly correlated
with low birth weight, preterm birth, SGA, RDS and the requirement
of hospitalization in Neonatal Intensive Care Unit (NICU), frequency
of wheezing episodes requirement of hospitalization due to the
wheezing in the early childhood period (up to 1.5 years of age);

. The low selenium levels of maternal blood was significantly associated
with the existence of hypertension, the prescription of
antihypertensive preparations and stress (especially, severe stress)
during pregnancy;

. Maternal prenatal severe stress was significantly associated with the

diagnosis of asthma and this association was also related with low birth



weight, SGA, preterm birth, the duration of breastfeeding period, the

frequency wheezing and hospitalization.

Practical Recommendations:

The determination of selenium levels in umbilical cord blood of SGA
newborns has additive significance in the monitoring of newborn
management plan (to prevent the hospitalization because of
wheezing.

Our study show that planned pregnancy inversely correlated with
preterm birth, SGA; the duration of breasdfeeding in such cases was
significantly higher, the frequency of wheezing episodes and
requirement of visits in outpatient and inpatient care units were
significantly lower; accordingly, the education of future mothers by the
“preparation for pregnancy” is significant and should be the part of
education activities of first health units, specialized services, insurance
companies, health policies.

It is recommended to treat the special supporting guidelines for
breastfeeding for the mothers in the case of exposition of stress

situations during pregnancy.
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