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Abstract: Background: Identifying women at risk for small-for-gestational-age newborns (SGA) is an
important challenge in obstetrics. Several different risk factors have been suggested to contribute
to the development of SGA. Previous research is inconclusive on the role selenium (Se) plays in the
development of SGA. The aim of the study was therefore to explore the role of Se concentrations in
amniotic fluid in order to understand its possible role in the development of SGA. Study Design:
This prospective, single center study investigated the relationships between Se concentrations in
amniotic fluid and pregnancy outcomes. Amniotic fluid was collected from pregnant women during
amniocentesis at 16/17 weeks of pregnancy. Se values were determined using the electrothermal
atomic absorption spectrometry and expressed in µg/L. Characteristics of mothers and newborns were
obtained from women and delivery records. Results: 327 samples of amniotic fluid were evaluated.
Patients with SGA newborns had significantly lower mean values of amniotic fluid concentrations of
Se compared to appropriate-for-gestational-age (AGA) newborns (4.8 ± 1.9 µg/L versus 5.6 ± 2.5 µg/L
(p = 0.017)). Adjusting for different risk factors, Se remained the only significant factor impacting
the outcome of a newborn (b = −0.152, s.e. = 0.077; p < 0.048). Se levels in amniotic fluid did not
correlate with pre-eclampsia or preterm delivery. Conclusion: Amniotic fluid Se levels represent a
viable root of further investigation and assessment in order to identify women with low birth weight
newborns early. Women with decreased Se levels had a statistically significant chance of developing
SGA. Further research is needed to elucidate the link between Se, other trace elements, and other risk
factors and their impact on the development of SGA newborns.
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1. Introduction

Small-for-gestational-age (SGA) newborns are defined as babies below the 10th percentile of an
individualized birth-weight ratio. Newborns with SGA are associated with increased perinatal and
neonatal morbidity and mortality [1,2]. The incidence of SGA is estimated to be approximately 5–10%
in the general obstetrics population [2,3]. In SGA newborns, the most significant problem is perinatal
asphyxia involving multiple organ systems [4]. The permanent changes in structure and metabolism
due to SGA have also been attributed to the increased risk of adult chronic disease (cardiovascular
diseases, type 2 diabetes) [4]. However, it is difficult to identify women who are early in pregnancy in
which fetuses with SGA will develop [5]. An important risk factor for SGA as well as pre-eclampsia
and pre-term birth, adjusted for other confounding factors, is advanced maternal age [6]. Therefore,
especially in this group of pregnant women improved indicators for identifying fetuses at risk for SGA
are needed.
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One root of investigation is that of assessing trace element levels and their impact on the fetus.
Trace elements have the role to enable proper activity of biochemical and enzymatic reactions [7].
The appropriate supply of trace elements in pregnancy is hypothesized to be crucial for a healthy
pregnancy [8]. Previous research shows, that not only the appropriate levels of folate and vitamin D,
which were extensively studied, but also trace minerals, such as iron, zinc, copper, and others, are
needed to support a pregnancy [9]. Deficiency in copper and zinc were shown to be connected to
teratogenic effects through the mechanism of enzyme disfunction, as key enzymes require these metals
to function [9].

Changes in fetal development are reflected in disorders of the placenta (morphological and
functional) [7]. Studies regarding the tissue-specific selenoprotein expression show that especially the
iodotyronine deiodinase (DIOs) expression was expressed in developing maternal tissues such as the
placenta as well as the fetus. The expression of DIO3 was shown through animal models to critically
impact fetal thyroid hormone and regulate growth [10]. In early pregnancy, studies further on show,
that selenium has positive effects on trophoblast cells through improving their viability and migration
especially if exposed to hypoxia. In selenium-treated cells, mitochondrial membrane potential was
increased, and reactive oxygen species levels decreased [11].

Selenium (Se) has been identified as one of the essential trace elements most connected to human
health [12]. Se is an essential trace element for normal growth and development [13]. Se-containing
enzymes can contribute to the attenuation of excessive inflammation [12]. During pregnancy, maternal
Se concentrations and glutathione peroxidase (GPx) activity decrease [14–17]. Research shows, Se as
well as cadmium (Cd) antagonistically work against oxidative stress by impacting redox balance and
apoptotic signaling [18]. Deficiencies in Se were also linked to different diseases such as diabetes, heart
disease, autoimmune disease, and even cancer. This might be based on the impact Se has on genes
related to insulin, inflammation, and lipid metabolism [12].

Selenium deficiency has been reported in common chronic diseases such as hypothyroidism [19].
Several disorders during pregnancy have been linked to Se deficiency. These disorders include

pre-eclampsia, gestational diabetes mellitus (GDM), neural tube defects, fetal growth restriction, and
preterm birth [20].

Pregnancy represents a physiological state, which is considered to be a time of increased oxidative
stress and in order to protect the fetus, the maternal antioxidants need to work against free radicals
in utero [21]. During pregnancy, especially pre-eclamptic women, who often exhibit SGA newborns,
have reduced placental GPx activity compared to control women [17]. There is with high likelihood a
link between low selenium (Se) and pre-eclampsia. Women who had reduced levels of Se in umbilical
venous blood compared to normal pregnancy had a significantly higher amount of pre-eclampsia [17],
thus presenting a viable root of discovering fetuses that could possibly develop SGA [22]. Several lines
of evidence support the oxidative hypothesis in the pathogenesis of pre-eclampsia, with placental
underperfusion leading to an excessive production of reactive oxygen species (ROS) in lipid peroxides
causing oxidative stress and endothelial cell dysfunction [23–28]. Lower levels of Se were observed
in the status of pre-eclamptic mothers when compared to normal controls [29]. Low plasma Se
concentration could contribute to the risk of delivering an SGA newborn, possibly through lowering
placental antioxidant defense, thus directly affecting fetal growth [14,24]. It has been suggested that
reduced Se concentration results in reduced GPx activity culminating in reduced antioxidant protection
of biological membranes and DNA during the early stages of embryonic development [30].

The impact of Se is, however, not only hypothesized to be on the development of pre-eclampsia,
but also on premature birth, intrauterine growth restrictions, and gestational diabetes [22]. Everson
et al. performed a study evaluating the role of placental heavy metals (cadmium (Cd), arsenic (As),
mercury (Hg), and lead (Pb)) as well as the essential trace elements zinc (Zn) and Se on the placenta.
They showed that for placentas with low Zn and Se values, the weight of the placenta was also
decreased [18,31]. Lewandowska et al. showed that determining levels of Se after adjustment for other
trace elements in early pregnancy (10th–14th week of gestation) still predicted well SGA newborns,
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which had reduced levels of Se in comparison with normal Se levels. They, however, also pointed out
that pre-pregnancy BMI levels importantly affected SGA [5].

Recent evidence points towards the presence of selenium-low or selenium-high diets during
pregnancy and lactation being connected to the development of insulin resistance in pups.
A selenium-high diet led to high insulin secretion, obesity, inflammation, and low leptin levels,
showing that intrauterine Se levels might impact life far beyond the first weeks after birth [32]. The
same research group then showed that when comparing rats with low- and high-selenium diets, there
are deep changes in the adenosine monophosphate (AMP)-activated protein kinase (AMPK), changed
homeostasis of Se, selenoproteins, IRS-1 expression, insulin levels, and oxidative balance which might
lead to insulin resistance [33]. The same research group determined even further that when exposed
to a fructose-high environment leading to a metabolic syndrome in rats, there were low levels of Se
in their circulation which lead to processes similar to type 1 diabetes, indicating that Se might be an
important marker for such disorders during gestation [34].

There have been different attempts to evaluate the levels of Se and their impact on the development
of SGA newborns. Next to serum Se levels [5], an important root of investigation is also the impact
of Se present in amniotic fluid (AF). AF is swallowed by the fetus and thus provides one of the most
important roots of fetus nutrients impacting fetal absorption and growth [35]. Most studies evaluating
Se levels are done by evaluating serum levels of Se; however, Yildrim et al. showed that there were
significantly different concentrations of Se in maternal blood, fetal blood from the umbilical vein,
maternal urine, and amniotic fluid. It was shown, that maternal blood and fetal blood correlate as well
as urine levels and amniotic fluid levels [36]. However, for understanding the specific effects of Se on
mesenchymal stem cells (MSCs) present in the amniotic fluid, the exploration of amniotic levels of Se
was important to further understand this microelements relationship to growth. Studies show that
ROS impacts cellular senescence and that this process is mediated by antioxidants such as glutathione,
ascorbic acid, and ROS connected enzymes. Thus, by reducing ROS levels, one could improve DNA
damage, prevent apoptosis, and recover mitochondrial dysfunction [37]. Therefore, in order to better
understand the biological background Se has on growth amniotic fluid, it is an important biological
material to study.

Our study aimed to investigate the impact of Se concentration in AF of pregnant women referred
to amniocentesis due to an increased risk of adverse pregnancy outcomes. The primary outcome of the
study was to assess the risk low Se levels bear for adverse outcomes. Through evaluating our primary
aim, we examined the possibility to use amniotic fluid levels of microelements such as Se in order to
improve our risk assessment for women at risk of their fetuses developing towards SGA.

2. Materials and Methods

2.1. Patient Selection

Women being monitored during pregnancy at the Department of Perinatology, University Medical
Centre Maribor (UMC Maribor) were invited to participate in this study. We invited volunteers which
had been referred to an amniocentesis at 16/17 weeks of pregnancy in accordance to national guidelines
for prenatal diagnostics. The patients were referred to an amniocentesis based on the rules for carrying
out preventive health care at the primary level issued by the government of Slovenia either due to the
advanced age (amniocentesis is recommended for women above 37 years of age), due to increased risk
for anomalies based on non-invasive testing methods, or due to any clinical suspicion (e.g., abnormal
ultrasound) that warranted amniocentesis. If an anomaly was confirmed by the amniocentesis, the
woman was excluded from further analysis in this study. All women in our study had singleton
pregnancies. Women who received multivitamins containing Se were also excluded from the study.

The diagnosis of SGA was confirmed postnatally, based on the criteria of fetal birth weight below
the 10th centile of a growth curve adjusted for the Slovenian population. To increase the precision
during the selection of those cases with SGA newborns, the authors of this study used the birth weight
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criterion <10th on the Verdenik Curve [38] and associated it to a second nutritional classification
criterion, namely the BWR ratio < 0.85. This means newborns who were small but nevertheless normal
were excluded [39]. All newborns were assessed using the Verdenik Curve.

2.2. Data Analysis and Biological Sample Processing

Patient demographic data as well as amniotic fluid during ultrasound guided amniocentesis
was collected and analyzed between the years 2011 and 2015. We collected 18–20 mL of amniotic
fluid which was centrifuged for ten minutes at 1600 revolutions per minute. The sediment containing
cells was used to undertake cytogenetic analysis. The supernatant, normally discarded, was frozen at
−80 ◦C for further analysis. Se values were determined at the Medical Laboratory of the University
Medical Centre Maribor. Electrothermal atomic absorption spectrometry (ETAAS) with graphite
tube and Zeeman background correction using a Varian AA240Z Atomic Absorption Spectrometer
(Varian Medical Systems, Inc., Palo Alto, California, USA) was performed. The analyzer was regularly
calibrated and its accuracy checked using sample reagents as specified by the manufacturer. Se values
were expressed in µg/L.

2.3. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics for Mac, Version 23.0 (IBM Corp,
Armonk, NY, USA). Descriptive statistics were employed to describe the main features of our data.
When comparing groups of pregnant women, the χ2 test or Fisher’s exact test were used to test the
frequency counts, the Student’s t-test to compare the means of continuous variables, and when the
value distribution was not normal, the Mann–Whitney U test was used to test their median values.
The Kolmogorov–Smirnov test was used for assessing data normality. A statistical power analysis
was performed for sample size estimation. The projected sample size needed for power = 0.90 with
this effect (Stata 13 for Mac) is approximately n = 206 patients. Thus, our proposed sample size was
adequate for the testing of the main study objective. A multiple regression analysis was conducted to
see if the confounding factors impact the outcomes of newborns. Statistical significance was set at
p < 0.05.

This study was approved by the National Medical Ethics Committee of the Republic of Slovenia
(Registration number: 87/11/11). All patients gave informed consent to participate in this study.

3. Results

327 samples of amniotic fluid were taken at 16/17 weeks of gestation. The number of normal live
newborns was 310. In 17 (5.2%) cases, chromosomal abnormalities were found. Those patients were
excluded from this study. The remaining patients were diagnosed and 267 (86.1%) newborns were
assigned as appropriate for gestational age (AGA), and 43 (13.8%) newborns were diagnosed small for
gestational age (SGA). Figure 1 depicts the distribution of birth weight related to Se levels.

We recorded the characteristics of mothers and newborns. These data include mother’s age,
place of residence (city/countryside), parity, complications during pregnancy (pre-eclampsia, preterm
delivery), and the sex of the child. Characteristics of pregnant women and newborns in the study
are listed in Table 1. Women in our study were older (mean age 37.1 years in SGA and 35.9 years in
AGA group). There were also more cases of pre-eclampsia (18.6% vs. 3.0%) in the SGA group than
in the AGA group. Preterm deliveries were statistically significantly correlated with SGA newborns.
There were (6.3% of pre-term AGA newborns and 27.9% pre-term SGA newborns. The gender of
the newborns was also compared; in the SGA group, 28 girls (65.2%) and 15 boys (34.8%) (p = 0.011)
were born.
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Figure 1. Distribution between Selenium levels and birth weight in small-for-gestational-age (SGA)
and appropriate-for-gestational-age (AGA) newborns. A significant correlation was found between Se
levels and SGA newborns (t = 2.080, p = 0.038).

Table 1. Obstetrical characteristics of pregnant women included in the study.

Characteristics AGA (n = 267) SGA (n = 43) p-Value

Maternal age (year) 35.9 ± 4.2 37.1 ± 4.5 p = 0.11 (t = 1.59)
Nulliparity 24.3% (n = 65) 30.2% (n = 13) p = 0.411 (t = 0.779)

Preterm birth 6.3% (n = 17) 27.9% (n = 12) p = 0.006 (t = 1.65)
Boys
Girls

55.4% (n = 148)
44.6% (n = 119)

34.8% (n = 15)
65.2% (n = 28) p = 0.011 (t = 2.63)

3.1. Levels of Se in AGA and SGA

The mean and standard deviation of Se concentrations in amniotic fluid with AGA and SGA
newborns were 5.6 ± 2.5 µg/L (min. value 1.5 µg/L; max. value 14.5 µg/L) in AGA and 4.8 ± 1.9 µg/L
(min. value 1.0 µg/L; max. value 8.9 µg/L) in SGA, t = −2.44; p = 0.017. Figure 2 depicts a comparison
of mean Se level values. There were significantly higher levels of pre-term births (p = 0.006, t = 2.98)
in the SGA group, but this was not a statically significant correlation with Se levels in the sampled
amniotic fluid (p = 0.099, t = 1.88).

Mean values of Se concentrations in cases with chromosomal abnormalities were 5.6 ± 2.3 µg/L;
these cases were excluded from further analysis.

Values of Se in amniotic fluid slightly differed among pregnant women from town and from the
surrounding area (5.7 ± 2.4 µg/L vs. 5.3 ± 2.5 µg/L; p > 0.05).
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Figure 2. Comparison of mean Se concentrations in amniotic fluid. Se levels were significantly different
between AGA and SGA newborns (t = −2.44; p = 0.017).

3.2. Pre-Eclampsia and Selenium Levels

This dataset also analyzed the occurrence of pre-eclampsia and its connection to Se in SGA and
AGA newborns. Pre-eclampsia was present in 3.0% newborns (n = 4) with AGA and in 18.6% (n = 8)
newborns with SGA (p = 0.007, t = 2.83). However, Se levels were insufficient to predict statistically the
occurrence of pre-eclampsia (p = 0.76, t = 0.309). Figure 3 depicts the distribution of Selenium levels in
SGA and AGA newborns with pre-eclampsia. The mean levels of women with pre-eclampsia was 5.7
± 2.6 µg/L.

Adjusting for different risk factors for SGA such as maternal age, nulliparity, and Zinc levels,
it was shown that Selenium was the only significant factor impacting the outcome of a newborn
(b = −0.152, s.e = 0.077; p < 0.048), the odds ratio of 0.859 indicates that with higher levels of Selenium
found in amniotic fluid the odds of the newborn being small for gestational age are decreased.
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Figure 3. Distribution of birth weight in regard to Se levels in newborns with pre-eclampsia.

4. Discussion

Our study demonstrated significantly lower Se concentration in the amniotic fluid in SGA fetuses.
There were no differences between AGA and SGA newborns in regard to known risk factors such as
age of the mother and nulliparity.

During pregnancy, maternal Se concentrations decrease (in the 1st trimester 65 µg/L; 3rd trimester
50 µg/L) [15]. Assessing trace elements could be a potential root of identifying women at risk of
complications during pregnancy. Especially in early pregnancy, it is important to understand the impact
of different factors contributing to complications in order to monitor the pregnancy appropriately.
Wilson et al. [9] showed that in the serum plasma of women, lower levels of serum zinc, copper, and
Se were protective and that plasma copper was the only factor to affect adverse pregnancy outcomes
after adjusting statistically for levels of Se and Zinc [9]. This, however, is in contrast with findings
described earlier linking Se to SGA newborns. Bizarea et al. showed [40] through their in vivo studies
that there is an important antioxidant role for selenoproteins, which could contribute to the proper
fetal development, leading to conclusions that on a molecular level there is evidence that SGA might
be interconnected to Se levels. In vivo studies showed in a recent publication of Hofstee et al. that
selenium deficiency did not impact in a mouse model the placental expression of antioxidants, but it
did reduce fetal glucose concentrations leading to reduced fetal weight. This study showed that the
reduced weight might be due to increased maternal thyroid hormone concentrations connected to
low selenium levels and misfunctioning placental thyroid hormone, thus suggesting the mechanism
of action in women with SGA babies is impaired thyroid metabolism and not placental antioxidant
concentrations [19].

Previous research on Se concentrations and the development of SGA is inconsistent. A retrospective
study reported low placental Se concentrations in 49 mothers affected by fetal growth restriction,
compared to 36 healthy normal birth weight controls [41], whereas others reported higher [42,43] or
unchanged concentrations [44]. Another retrospective study conducted on 81 SGA newborns also
demonstrated infant plasma Se concentrations to be significantly lower compared to controls [45].

It has been suggested that adequate Se status is important for antioxidant defense and may be a
potential factor in women at risk of pre-eclampsia [17]. Mistry et al. reported Se concentrations in
pre-eclamptic pregnancies to be reduced in the mother’s serum [17,46,47] as well as in fetus amniotic
fluid [13,48]. Exploring further, the important identified selenoproteins were 6 antioxidant glutathione
peroxidases (GPx). The GPx activity in maternal and cord plasma as well as placental tissue was
shown to be lower in pre-eclamptic pregnancies [15,30,46,49]. As previously described, amniotic
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fluid represents an important material for understanding the biological effects of Se [35,37]. Roy et al.
reported Se levels in amniotic fluid samples. The levels were 6.8 ± 3.7 ng/mL in the control group and
6.7 ± 2.2 ng/mL in the pre-eclamptic group. The difference in the values of amniotic fluid Se between
these two groups of patients, however, were not statistically significant [50]. In our study, Se levels in
the amniotic fluid at 16/17 weeks in the SGA group of which 18.6% were pre-eclamptic patients were
4.8 ± 1.9 µg/L. The data on pre-eclampsia, however, are not fully conclusive. Cardoso de Silva [51]
et al. showed that adjusting for other factors, such as age, ethnicity, education, parity, or smoking
prevalence, serum levels between controls and women with gestational hypertension did not differ
(p = 0.77). In 2016, a meta-analysis [52] also concluded that there is some evidence pointing towards
the inverse association with selenium levels and the risk of pre-eclampsia. It was indicated that more
prospective data is needed in order to support Se supplementation.

Our study found no statistically significant difference in regard to the levels of Se and the
occurrence of pre-term birth. This finding is in concordance with a previously performed case-control
study [53], but contrary to the findings of Yildiz et al. [36], showing that regardless of the tested
material (mother blood, fetal blood, mother urine, amnion fluid), the levels of Se in late pregnancy were
statistically significantly decreased in pre-term newborns. The molecular mechanisms of exposure to
hyperoxia and inflammation which increases ROS could impact the mechanisms leading to premature
birth. However, regardless of year of intensive research, the roles of Se, GPx, and selenoproteins are
poorly understood in prematurity as well as oxidant injury [21]. In order to clearly be able to claim the
role of trace elements in pre-term birth, roles of heavy metals should additionally be evaluated such as
cadmium (Cd), which was found to be positively associated with the risk of early pre-term birth [54].

There are different routes of investigating levels of Se available. Many studies have focused
on using highly accessible Se maternal plasma serum as a route for investigation. This is a possible
route of investigation which yields many times comparable outcomes as amniotic fluid analysis [55].
Amniotic fluid analysis, however, was regarded to be especially important in heavy metal analysis and
thus an understanding related directly to in-utero effects [56].

Interventional studies supplementing Se (using 1000µg liquid Se per day) or placebo in patient with
high risk for developing pre-eclampsia showed that the treatment group receiving Se had a decreased
incidence of pregnancy-induced hypertension from 22.7% to 7.7% [57]. Moreover, Mesdaghinia et
al. showed that Se supplementation (100 µg Se supplements as tablet between 17 and 27 weeks of
gestation) in pregnant women at risk for IUGR resulted in an improved pulsatility index of <1.45
(p = 0.002) compared to those in the placebo group. In addition, changes in plasma levels of total
antioxidant capacity (TAC) (p < 0.001), glutathione (GSH) (p = 0.008), and high-sensitivity C-reactive
protein (hsCRP) (p = 0.004) in the Se group were significant compared to the placebo group [58].
Se supplementation in pregnant women was also shown to effectively reduce the incidence of premature
membrane rupture [59].

Monitoring adolescents pregnant women nutrition and their trace element levels, Mistry et al. [60]
showed that neither copper nor zinc differentiated between AGA and SGA newborns, but that low
plasma selenium levels could contribute to placental antioxidant defense and thus contribute to SGA
newborns [60]. There are wide differences in the Se intake across diverse populations, depending
on the Se content of the soil and hence the Se content in staple foodstuffs. Se intake and food levels
seem to be suboptimal in the northeastern part of Slovenia. Mičetić-Turk et al. [61] assessed serum
Se level of mothers at birth to elucidate its impact on the Se content of umbilical cord serum of their
newborns and of colostrum. There was a significant correlation between the Se content of maternal and
umbilical serum, but no significant correlation was found between maternal serum Se and colostrum.
The conclusion was that dietary Se intake for pregnant women in their population was borderline [61].
The levels of Se in amniotic fluid differed among pregnant women from town and from surrounding
areas (5.7 ± 2.4 µg/L vs. 5.3 ± 2.5 µg/L; t = 1.360; p > 0.175), but the difference was not statistically
significant. This may be explained by geographic variation. Indeed, some areas in Europe have already
been identified as Se deficient areas, which might lead to more Se deficient pregnancies [22]. As there
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is a high incidence of SGA newborns in the northeastern area of Slovenia, further studies might also
explore the role of Se dietary intake and environment impact on the presence of SGA newborns.

Our current understanding of different biochemical tests for placental function does not support
the use of any of the standard methods of testing to be able to predict SGA newborns and placental
dysfunction [62]. Therefore, recent findings are even more promising, showing, that trace elements
might be a way forward to a predictive model for placental disfunction and growth restriction. Using
trace elements as a prediction model for SGA and preterm birth seems to be a plausible future pathway
of risk stratification. McKeating et al. [63] presented a model which enabled them to predict by the use
of urine and plasma samples SGA and preterm birth. Within this study, 81.5% of the women identified
then also had SGA newborns.

While further studies leading to more advanced understandings of the impact different trace
elements have together on the risk for SGA newborns, preterm birth, pre-eclampsia, and gestational
diabetes as well as their underlying causes such as placental dysfunction leading to growth restrictions.

Although our pilot study showed reliable initial data on Se levels, there are several limitations to
this study. The first limitation is in regard to the number of cases assessed with pre-eclampsia. There
was a small number of cases with pre-eclampsia in the study, and as such, any results on pre-eclampsia
need to be validated in a larger cohort. An important limitation is based on not evaluating the effects
of heavy metal levels on pregnancy outcomes, as these are interconnected to adverse outcomes in
pregnancy [36]. Our study also did not adjust the levels of the trace element Se with potential seasonal
changes, which was indicated to contribute to a variation of outcomes [63]. Further explorations
regarding Se in connection to other trace elements and their impact on SGA development is needed
as well as larger multifactorial analysis adjusting for risk factors leading to SGA. Our study also did
not collect dietary data, which is emerging to might have an impact on SGA. As inflammation was
linked to the development of SGA, recent studies focused on the influence of diet on the presence of
SGA. A recent report [64] showed by longitudinally monitoring women during pregnancy that some
eicosanoids and their fatty acid precursors were present in higher concentrations (41–97%) in SGA than
in the control groups and that this could be linked to inflammation as a mechanisms of SGA newborns.
Comparing other environmental factors on the development of SGA, a large study in Spain showed
that the intake of vitamins D and B3 and ω-3 marine fatty acids as well as consumption of fruits,
fish, and legumes can improve the impact of environmental factors leading to SGA [65]. Therefore,
further studies assessing SGA should also evaluate dietary intake and its relation to trace elements and
multidimensional effects on SGA newborns.

5. Conclusions

This study shows encouraging initial data to further explore Se levels in the amniotic fluid in
patients referred to amniocentesis. It could provide a viable additional tool to develop risk stratification
methods for women at risk for the development of SGA babies. Especially in regions with low levels
of Se in their nutrition and a high incidence of SGA newborns, additional knowledge on the levels of
Se in amniotic fluid could improve treatment and reduce the risk of low birth weight, the major cause
of neonatal morbidity and mortality.
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and Malondialdehyde Content and Glutathione Peroxidase Activity in Maternal and Umbilical Cord Blood
and Amniotic Fluid. Biol. Trace Elem. Res. 2000, 73, 47–54. [CrossRef]

16. Rayman, M.P.; Bode, P.; Redman, C.W. Low selenium status is associated with the occurrence of the pregnancy
disease preeclampsia in women from the United Kingdom. Am. J. Obstet. Gynecol. 2003, 189, 1343–1349.
[CrossRef]

17. Mistry, H.D.; Wilson, V.; Ramsay, M.M.; Symonds, M.E.; Pipkin, F.B. Reduced Selenium Concentrations and
Glutathione Peroxidase Activity in Preeclamptic Pregnancies. Hypertension 2008, 52, 881–888. [CrossRef]

18. Everson, T.M.; Kappil, M.; Hao, K.; Jackson, B.P.; Punshon, T.; Karagas, M.R.; Chen, J.; Marsit, C.J. Maternal
exposure to selenium and cadmium, fetal growth, and placental expression of steroidogenic and apoptotic
genes. Environ. Res. 2017, 158, 233–244. [CrossRef]

19. Hofstee, P.; Bartho, L.A.; McKeating, D.R.; Radenkovic, F.; McEnroe, G.; Fisher, J.J.; Holland, O.J.;
Vanderlelie, J.J.; Perkins, A.V.; Cuffe, J.S.M. Maternal selenium deficiency during pregnancy in mice
increases thyroid hormone concentrations, alters placental function and reduces fetal growth. J. Physiol.
2019, 597, 5597–5617. [CrossRef]

http://dx.doi.org/10.1016/j.bpobgyn.2018.02.002
http://www.ncbi.nlm.nih.gov/pubmed/29576470
http://dx.doi.org/10.1186/s13052-016-0254-7
http://www.ncbi.nlm.nih.gov/pubmed/27117061
http://dx.doi.org/10.4137/CMPed.S40070
http://www.ncbi.nlm.nih.gov/pubmed/27441006
http://dx.doi.org/10.3390/nu11102298
http://dx.doi.org/10.1002/uog.12494
http://dx.doi.org/10.3390/ijerph16091615
http://dx.doi.org/10.5603/GP.a2017.0093
http://dx.doi.org/10.1016/j.jtemb.2017.11.016
http://dx.doi.org/10.3390/ijms21062210
http://dx.doi.org/10.5653/cerm.2018.45.1.10
http://dx.doi.org/10.1007/s12011-020-02191-y
http://www.ncbi.nlm.nih.gov/pubmed/32418160
http://dx.doi.org/10.1016/j.ajog.2011.07.034
http://www.ncbi.nlm.nih.gov/pubmed/21963101
http://dx.doi.org/10.1016/j.nutres.2006.08.008
http://dx.doi.org/10.1385/BTER:73:1:47
http://dx.doi.org/10.1067/S0002-9378(03)00723-3
http://dx.doi.org/10.1161/HYPERTENSIONAHA.108.116103
http://dx.doi.org/10.1016/j.envres.2017.06.016
http://dx.doi.org/10.1113/JP278473


Nutrients 2020, 12, 3046 11 of 13

20. Richard, K.; Holland, O.; Landers, K.; Vanderlelie, J.J.; Hofstee, P.; Cuffe, J.S.M.; Perkins, A.V. Review: Effects
of maternal micronutrient supplementation on placental function. Placenta 2017, 54, 38–44. [CrossRef]

21. Tindell, R.; Tipple, T. Selenium: Implications for outcomes in extremely preterm infants. J. Perinatol. 2018, 38,
197–202. [CrossRef]

22. Zachara, B.A. Selenium in Complicated Pregnancy. A Review. Adv. Clin. Chem. 2018, 86, 157–178. [CrossRef]
[PubMed]

23. Hubel, C.A. Oxidative stress in the pathogenesis of preeclampsia. Proc. Soc. Exp. Biol. Med. 1999, 222,
222–235. [CrossRef] [PubMed]
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