Bermudez et al. J Transl Med (2015) 13:291 ’ \
DOI 10.1186/512967-015-0654-2 ‘i‘ JOURNAL OF
TRANSLATIONAL MEDICINE

RESEARCH Open Access

Assessment of ten trace elements @
in umbilical cord blood and maternal blood:
association with birth weight

Lorena Bermudez', Consuelo Garcia-Vicent'?, Jorge Lépez', Maria Isabel Torré'? and Empar Lurbe'?"

Abstract

Background: Trace elements are an essential nutritional component for humans and inadequate tissue-concentra-
tions may have a significant effect on fetal size.

Objective: To measure ten trace elements in blood samples from mothers and their newborns, and assess their
association with anthropometric characteristics at birth. The effects of other factors on fetal growth, such as biologic
characteristics of the infant and mother, were analysed.

Methods: A cross-sectional study was conducted in the Hospital general, University of Valencia, Spain. Healthy
pregnant women, and their full-term infants were selected (n = 54 paired samples). Infants were grouped according
to birth weight: small for gestational age (SGA n = 11), appropriate (AGA n = 30), and large (LGA n = 13). Anthropo-
metric and biologic characteristics of the infant and mother were recorded. Levels of ten essential elements: arsenic
(As), barium (Ba), cobalt (Co), copper (Cu), chrome (Cr), iron (Fe), magnesium (Mg), manganese (Mn), selenium (Se) and
zinc (Zn), in maternal and cord plasma samples were determined. Samples were obtained from the umbilical cord
immediately after delivery and the samples of their mothers were drawn at 2-4 h after delivery.

Results: The analysis identified that cord blood Cu (p = 0.017) and maternal blood Ba and Mg (p = 0.027 and

p = 0.002, respectively) concentrations were significantly higher among SGA infants compared to AGA and LGA
infants. A multiple linear regression analysis showed that increased umbilical cord Cu concentration (adjusted B
—146.4 g,95 % Cl —255 to —37.7; p = 0.009), maternal smoking during pregnancy (adjusted p —483.8 g, 95 % Cl
—811.7to —155.9; p = 0.005), shorter gestational age (adjusted p 350.1 g, 95 % Cl 244.5 to 455.8; p = 0.000), and
female sex (adjusted B —374 g, 95 % Cl —648 to —100; p = 0.009) were significantly associated with decreased

birth weight. Maternal anaemia was positively associated with birth weight (adjusted g 362 g, 95 % Cl 20.8 to 703.1;
p = 0.038). No significant associations were found between maternal trace elements and birth weight in multivariate
analysis.

Conclusions: We did not observe significant associations of cord blood trace elements other than Cu and maternal
trace elements with birth weight in the multivariate analyses.
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Background development of chronic disease in adulthood. The con-
The knowledge gained from several studies has dem-  cept suggests that early life conditions can “program” the
onstrated that intrauterine life plays a key role in the fetus for a spectrum of adverse health outcomes [1-6].

Fetal development depends mainly on genetic makeup,

maternal nutrition and fetoplacental circulation [7].
“Correspondence: emparlurbe@uv.es This development is especially susceptible to the effects
! Department of Pediatrics, Consorcio Hospital General, University of environmental risk factors that disrupt the processes

of Valencia, Avda. Tres Cruces s/n, 46014 Valencia, Spain during a critical window of vulnerabilit [8 9]
Full list of author information is available at the end of the article y 1o, 7l

© 2015 Bermudez et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License

( BioMed Centra| (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12967-015-0654-2&domain=pdf

Bermudez et al. J Transl Med (2015) 13:291

While trace elements are essential for humans, their spe-
cific roles are not well understood, especially in the prena-
tal period. Even though their quantities are very small in
body tissue, they are involved in various biochemical path-
ways and are critical to the performance of certain func-
tions that are necessary to sustain life [10]. Inadequate
tissue-concentrations are associated with abnormal func-
tioning and disease and therefore may have a significant
impact on the physiological changes and requirements of
the mother and fetus during pregnancy [7, 11].

In previous studies different concentrations of trace
elements such as arsenic (As), iron (Fe), manganese (Mn),
selenium (Se), copper (Cu), and zinc (Zn), have been
found in maternal blood, placenta or umbilical cord,
showing an inconsistent association with the anthro-
pometric characteristics of the newborns [12-20]. Sev-
eral factors may contribute to the discrepancies in those
results from previous studies, such as heterogeneity in
populations, diversity of the study designs and tech-
niques used, among others.

Up to now studies have focused on evaluating the
effects of small number of trace elements on fetal growth
[16, 20, 21]. The aim of the present study was to measure
ten trace elements in blood samples from mothers and
their newborns, and to examine their association with
anthropometric characteristics at birth. In addition to
the trace elements, we analyzed the effects of some well-
known predictors of fetal growth such as gestational age
and sex, maternal age, parity, type of delivery, maternal
smoking and hemoglobin levels during the last month of
pregnancy [9, 14, 20, 21].

Methods

Subjects and sample collection

Newborns and their mothers from the area of the Hos-
pital general Universitario de Valencia, Spain were
enrolled in a cross-sectional study over 1 year. The inclu-
sion criteria were newborns born at term (gestational
age >37 weeks) in the absence of perinatal illness. All
mothers were healthy, and without risk factors that may
determine the size of the newborn such as, hypertension,
diabetes, infections, etc. Infants were excluded if chro-
mosomal abnormalities and/or congenital malformations
were detected during gestation. According to these crite-
ria, 54 newborns and their mothers were selected.

Birth weight, length and head circumference were reg-
istered at the time of birth by delivery room staff using
standard anthropometric procedures, and data were
registered in the medical record of the newborns. Ges-
tational age was calculated based on last menstrual
period, ultrasound examinations during pregnancy were
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extracted from the medical records, and ascertained
according to the Ballard method by the neonatologist.

Three groups of newborns were created based on the
growth curve database of Alexander and associates [22]:
small for gestational age (lower than the 10th percen-
tile; SGA), appropriate (birth weight between the 10th
and 90th percentiles; AGA), and large (higher than the
90th percentile; LGA). Fetal size was stratified due to the
importance for prognosis and clinical management of
newborns.

Anthropometric and biologic characteristics of the
infants (weight, length, head circumference, gestational
age and sex), and mothers (age, parity, type of delivery,
and hemoglobin levels of the last month of pregnancy),
were collected from the medical records. The mothers
did not receive any nutrient supplement or any other
medication that could have influenced the concentra-
tion of trace elements. Mothers whose haemoglobin was
<11 mg/dl were defined as anaemic, according to the cri-
teria of the World Health Organization [23]. The moth-
ers were interviewed using a structured questionnaire to
determine smoking during pregnancy.

Both parents were required to sign informed consent in
order to participate in the study. The study was approved
by the Hospital’s review board and was carried out in
accordance with the Declaration of Helsinki. Both of the
samples (plasma from umbilical cord of the newborns
and from peripheral veins of the mothers), as well as the
collected data, were stored according to the regulations
dictated by the law of Biomedical Investigation of 2007
(Law 14/2007) and all applicable rules.

Trace element measurements

Umbilical cord blood samples were collected immediately
after delivery. Blood samples from the newborns were
obtained through venous puncture of the umbilical cord.
The samples from their mothers were drawn at 2—4 h after
delivery in non-fasting conditions, but with at least 8 h
between the last meal and blood sampling. All samples
were collected in EDTA tubes, centrifuged at 3000 g for
10 min at 4 °C, the plasma was collected, aliquoted in poly-
propylene tubes, and stored at —80 °C and thawed before
use. Amounts of 0.5-1 mL were used for analysis.

All samples were analyzed simultaneously after the col-
lection period and the plasmatic concentration of the ten
essential elements, arsenic (As), barium (Ba), cobalt (Co),
copper (Cu), chrome (Cr), iron (Fe), magnesium (Mg),
manganese (Mn), selenium (Se) and zinc (Zn), were
determined through inductively coupled plasma mass
spectrometry (ICP-MS, Cerba International Laborato-
ries, Spain).
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Statistical analysis

Concentrations of As, Ba, Co, Cr, Mg, Mn and Se were
expressed as nM/L, and Cu, Fe and Zn were expressed as
uM/L. Shapiro analysis was performed to test the normal
distribution of the data. Concentrations of trace elements
that were normally distributed were expressed as mean
[£standard deviation (SD)] whereas those that failed to
satisfy criteria for normal distribution were expressed as
median [interquartile range (IQR)].

Trace element concentrations among groups were
compared by the nonparametric Jonckheere’s trend test.
Values of p < 0.05 were considered statistically signifi-
cant. Pearson’s correlation and Spearman rho coefficients
were used to examine the relationships between birth
weight, length and head circumference, as continuous
variables, and trace element levels. Likewise, correla-
tions of trace element concentrations between umbilical
cord and maternal blood by group were analyzed. An
outlier analysis was performed, and levels of trace ele-
ments deviating from the mean by more than 2.5 times
the standard deviation were excluded. The results shown
do not include outlier values. Values below the detection
limit (LOD) were included in the analysis using the pre-
determined value of LOD.

A multivariate linear regression model was performed
to identify trace elements in cord blood associated with
birth weight. The relationship between maternal blood
trace elements and birth weight was also analyzed. Only
variables that differed with p < 0.10 in the correlation
analysis were selected for multivariate linear regression
analysis. All models were adjusted for known variables as
predictors of fetal growth, which were determined a pri-
ori based on previous studies, including characteristics
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of the infants and their mothers, such as gestational age,
sex, parity, maternal age, pregnancy-anaemia, and mater-
nal smoking during pregnancy. Maternal age and gesta-
tional age were modelled as continuous variables. Other
variables were modelled as binary. The p values of <0.05
were considered statistically significant in the final multi-
variate model.

Results

Clinical characteristics of mothers and newborns

A total of 54 newborns and their mothers were included
in the study. Among the newborns, 11 (20.4 %) were
qualified as SGA, 30 (55.6 %) as AGA and 13 (24.1 %)
as LGA. Even though mothers of newborns regardless
of birth weight were invited to participate in the study,
those with infants SGA or LGA, were more interested in
participating. This explains the birth weight distribution,
which is not representative of the general population.
The general characteristics of mothers and their new-
borns in the three groups are shown in Table 1. As was
expected, significant differences between girls and boys
in birth weight, length, and head circumference were
observed. Therefore, all comparisons among newborn
groups were adjusted by sex. There were no significant
differences among groups in terms of maternal age, par-
ity, gestational age at delivery, anemia or type of delivery.
Maternal smoking during pregnancy of the SGA group
was significantly higher than those of the AGA and LGA
groups.

Trace element concentrations in umbilical cord blood
In 54 samples of umbilical cord blood, ten elements
were tested. Umbilical cord blood trace element

Table 1 Anthropometric and clinical characteristics of mothers and newborns grouped by standardized birth weight

Total (n = 54) SGA (n=11) AGA (n =30) LGA (n=13) p value
Maternal characteristics
Age (years)? 30.3(26.3-34.1) 34.97 (28.01-35.93) 28.9 (26.46-31.33) 30.72 (28.52-32.91) NS
Vaginal delivery (%) 35 (64.8) 6 (54.5) 22 (73.3) 7(53.8) NS
Nulliparity (%)* 23 (42.6) 6 (54.5) 3(433) 4(30.8) NS
Anemia (%)? 10 (18.5) 1(11.1) 5(185) 4(30.8) NS
Smoking (%)° 12(22.2) 5(55.6) 6 (7.6) 1(23) <0.05
Infant characteristics
Gestational age (weeks)? 395 (38 5-40.5) 39.5(38.5-39.5) 39.5(37.5-40.5) 40.5 (30.5-40.5) NS
Sex (% male)® 9(53.7) 3(27.3) 20 (66.7) 6 (46.2) <0.05
Birth WEIGHT (g)® 3670 (2720-3950) 2450 (2305-2680) 3620 (2747.5—3785) 4275 (3955-4400) <0.01
Length (cm)® 0(47-51.5) 46.25 (45-46.5) 0 (48-51.25) 75 (50.88-52.25) <0.01
Head circumference (cm)P (33 36) 3250 (31-33.5) 345 (33—35488) 36.25 (33.75-37) <0.01

p value <0.05 statistical significance of the differences among groups
NS non-significant
2 Fisher’s exact tests; absolute frequency and percentage

b Kruskal-Wallis tests; median and interquartile range (IQR)
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concentrations of the study population are shown in
Table 2. Elements with a normal distribution were Cu, Fe,
Se and Zn in contrast to As, Ba, Co, Cr, Mg, and Mn.

The detection limits and the percentage below the LOD
of ten trace elements are shown in Table 2. Differences
among groups were assessed with non-parametric tests.
The means (SD) of trace element serum concentrations by
groups are shown in Table 3. Some trace element levels in
umbilical cord (Ba, Co, Cu, Mg, Mn and Se) were higher in
the SGA group compared to the other ones. These differ-
ences among groups achieved statistical significance only
in the concentrations of Cu (mean SGA 4.97 uM, AGA
3.79 uM, LGA 3.49 puM; p = 0.017). Likewise, when using
an analysis model adjusted by sex, statistically significant
differences were only observed in Cu levels (»p = 0.039).

Page 4 of 8

Correlation coefficients were calculated between each
of the ten cord blood trace elements and anthropomet-
ric characteristics in the newborns. The analysis identi-
fied an inverse association between birth weight and Mn
and Cu levels (r = —0.38, p = 0.005; r = —0.25, p = 0017,
respectively). Additionally length and head circumfer-
ence were also inversely associated with cord blood Mn
levels (r = —0.29, p = 0.05; r = —0.32, p = 0.034, respec-
tively). Additional file 1: Table S1.

Maternal trace element concentrations in venous
peripheral blood

Concentrations of the ten elements were determined in 46
samples of maternal blood, as eight maternal blood samples
were lost due to failure in the sample collection. Maternal

Table 2 Trace element concentrations and their limits of detection in umbilical cord and maternal plasma

Trace element Limit of detec- Cord plasma Maternal plasma Cord/mater-
tion nal ratio

Percent<LOD Mean=+SD  Median (IQR) Percent<LOD Mean=+SD Median (IQR) (mean % SD)
(%) (%)

As (NM/L) 20 0 2711 +£454 2664 (24.2) 556 268 £16.5 199(49) 11.8+37

Ba (nM/L) 72.99 1.9 3616.6 3728 3801.8(65304) 1.9 2398 £ 2676 1(5346.3) 524239

Co (nM/L) 254 0 490+ 148 3.79(043) 0 105+738  6.79(9.08) 0.64 + 034

Cu (uMm/L) 0.03 0 410+134 3.79(043) 0 23 £8.11 1096 0.19 (0.06)

Cr (nM/L) 22.85 0 69.7 £16.8 63.7(254) 796 29+098  288(0) 243 £ 061

Fe (uM/L) 033 0 6+223 5.75(29) 19 5104+£148 525(1.67) 154 +£1.90

Mg (mM/L) 0.16 0 0.62 £ 0.21 0.59 (0.35) 0 083£0.18 0.79(0.25) 0.75+0.23

Mn (nM/L) 273 20 613+363 53(446) 63 31.9+107 273 (1.56) 199+ 138

Se (NM/L) 301.2 0 4384 +£786  440.1(105.5) 0 704 +199.7 705.9 (201) 1.08 +3.02

Zn (UM/L) 05 0 106 £ 235 105 (2.64) 0 11.6+229 6(211) 096 £0.33

The values are expressed as mean + SD and median with interquartile range (IQR)
LOD limit of detection

Table 3 Trace elements concentrations in umbilical cord plasma and in maternal peripheral blood grouped by birth

weight

Umbilical cord blood Maternal peripheral blood

SGA(n=11) AGA (n=30) LGA(n=13) pvalue SGA (n=38) AGA (n = 25) LGA(n=13) p value
Arsenic (nM/L) 2735+ 248 274.7 £56.0 260.8 £ 293 NS 2709+ 1743 2842 +£1923 2351 4+9.04 NS
Barium (nM/L) 40612 432050 3734.0438475 2969.5+£4051.1 NS 405554+ 2915.1 23255425855 15216424196 <0.05
Cobalt (nM/L) 487 £1.31 478 +£142 413+18 NS 11.71 £545 1142 +£873 7.90 + 4.96 NS
Copper (UM/L) 497 £1.62 3.794£0.98 3494+ 0.80 <0.05 2668 £ 11.84 2241 £692 2197 £7.64 NS
Chrome (nM/L) 655+£126 701 +£17.0 7260+ 19.7 NS 28.86 £ 0.21 2901 £11.12 2907 +£1.02 NS
Iron (UM/L) 580+ 1.52 6.26 £248 557 +£217 NS 534117 517 +£1.53 4854163 NS
Magnesium (mM/L) 0.66 +0.22 0.64 +0.20 056 +£0.22 NS 094+ 0.19 0.834+0.18 0.76 £0.13 <0.01
Manganese (nM/L) 6746 + 23.13 55.85+ 2449 548543527 NS 36.05+ 1833 3124 +£854 ND NS
Selenium (nM/L) 442.0 4 79.81 439.0 £ 84.83 4338 +£6737 NS 6809 £2986 71237+ 1602 70192421391 NS
Zinc (uM/L) 10.03 £ 225 10.5+ 240 11.34+£233 NS 11.82+£2.04 1154283 11.60 + 1.09 NS

Values are expressed as mean =+ SD; p value <0.05 statistical significance of the differences among groups

NS non-significant, ND not detected
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trace elements showed a non-normal distribution with the
exception of zinc. Trace element concentrations in mater-
nal blood and the umbilical cord blood/maternal blood
ratio of the study population are shown in Table 2.

In the non-parametric analysis performed among the 3
groups, differences were only present in Ba and Mg levels
in maternal blood of the SGA group. Levels were signifi-
cantly higher than those of the AGA and LGA groups (Ba
p = 0.027 and Mg p = 0.002), showing a decreasing trend
(Table 3).

Correlations between each of the ten maternal blood ele-
ments and anthropometric characteristics of the newborns
were calculated. An inverse relationship was observed
between birth weight and Ba, Cu, Mg and Mn levels in
maternal blood (r = —0.40, p = 0.005; r = —0.33, p = 0.026;
r = —0.50, p = 0.000; r = —0.30, p = 0.041, respectively).
Length and head circumference were inversely associated
with maternal blood Ba (r = —0.46, p = 0.004; r = —0.39,
p = 0.019) and Mg (r = —049, p = 0.002; r = —041,
p =0.014). Additional file 1: Table S1.

Relationship between newborn and maternal trace
elements

A positive correlation between Cu levels in the umbili-
cal cord and maternal blood was observed (r = 0.484;
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p = 0.001; Additional file 1: Table S2). Likewise, a posi-
tive relationship was found between umbilical cord
and maternal blood Cu in the SGA and AGA groups
(r =0.77, p = 0.021; r = 0.42, p = 0.043, respectively).
There was no significant correlation in the LGA group,
Fig. 1. The correlations between the rest of the newborn
and maternal trace element levels are shown the Addi-
tional file 1: Table S2.

Multivariate analysis of factors and trace elements
associated with birth weight

A multiple linear regression analysis showed that
increased umbilical cord Cu concentration (adjusted B
—146.4 g, 95 % CI —255 to —37.7; p = 0.009), maternal
smoking during pregnancy (adjusted p —483.8 g, 95 %
CI —811.7 to —155.9; p = 0.005), shorter gestational age
(adjusted B 350.1 g, 95 % CI 244.5 to 455.8; p = 0.000),
and female sex (adjusted B —374 g, 95 % CI —648 to
—100; p = 0.009) were significantly associated with
decreased birth weight. Maternal anemia was positively
associated with birth weight (adjusted p 362 g, 95 % CI
20.8 to 703.1; p=0.038), see Table 4. The inverse corre-
lation between the umbilical cord Mn levels and birth
weight did not reach significance in the model adjusted
for other variables. No significant associations were

Umbilical cord blood copper (uMIL)

Birth weight groups
+ SGA T™SGA
I AGA . AGA
* a4 LGA ~~.LGA

T T
10 20 30

p = 0.043; correlation in the LGA group was not significant

T T
40 50

Maternal blood copper(uM/L)
Fig. 1 Relationship between maternal and umbilical cord blood Cu grouped by birth weight. SGA group r = 0.77, p = 0.021; AGA group r = 042,
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Table 4 Multivariate linear regression model: R 0.62; F:
14.1; p: 0.000

B pvalue 95%Cl
Lower Upper
(Constant) —8975.79 0.000 —13,126.51 —4825.08
Gestational age (weeks) 350.14 0.000 24453 455.76
Maternal smoking® —483.84 0.005 —811.69 —155.98
Sex? —374.00 0.009 —64797  —100.04
Anemia® 361.95 0.038 20.84 703.06
Umbilical cord Cu (uM/L) ~ —14639 0.009 —255.04 —37.74
Umbilical cord Mn (nM/L) —0.98 0.640 —5.26 327

Independent variables: Cu and Mn umbilical cord concentrations, gestational
age, maternal smoking, sex and anemia

Dependent variable: birth weight (g). p value <0.05 statistical significance
2 Reference group = male
b Variables dichotomous (0 = not or 1 = yes). Reference group = 0

found between maternal trace elements and birth weight
in the multivariate analysis.

The associations between the different trace elements
and birth length and head circumference were examined
using univariate analysis, see Additional file 1: Table S2.
Height and head circumference were inversely correlated
with cord blood Mn levels and maternal blood Ba and
Mg levels in univariate analysis, but not with multivariate
models (data not shown).

Discussion

The main finding of the present study was that Cu was
the only trace element in umbilical cord blood found to
be inversely and independently related to birth weight,
the highest Cu concentrations were found in the SGA
group. In addition, anthropometric parameters were
inversely related with Mn, and no association with birth
weight was observed for the other trace elements. In
maternal blood, a significant trend in Ba and Mg levels,
decreasing from SGA to LGA, was observed. The study
is important due to the assessment of a large number of
trace element levels in healthy pregnant women and their
newborns, providing relevant information about their
effects on birth weight and the potential adverse health
outcomes later in life.

Interestingly, Cu is a trace element that is involved in
the function of several cuproenzymes that are essential
for life, and their requirement increases during preg-
nancy [24]. Although information about the effect of
trace elements, simultaneously assessed, on fetal growth
is scarce [15, 24—26], a negative association between Cu
concentrations in umbilical cord and maternal blood and
birth weight has been previously observed [15, 25]. In
these previous studies, the status of other essential trace
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elements, Fe, Zn, Se and molybdenum (Mo), in maternal
and umbilical cord blood did not influence birth weight.

The concentrations of Cu for adequate fetal develop-
ment and a possible “safe level” are still unknown in
humans. Copper toxicity during pregnancy and its effects
on developmental outcome have been examined in con-
siderable detail in animal models. Excess Cu has been
reported to result in growth retardation in rat fetuses
[27]. A strong inverse relationship was seen between
increasing Cu concentrations and larval growth of a
fathead minnow model [28]. Several genes associated
with growth regulation were down-regulated following
exposure to high Cu concentrations [28]. Although the
harmful effects of high concentrations of Cu on the birth
weight of newborns have been demonstrated, it is unclear
if these concentrations are the cause or consequence of
intrauterine growth restriction.

Even though the observed Cu in umbilical cord blood
was the only independent factor related to birth weight, a
positive relationship between Cu levels in umbilical cord
and maternal blood was observed. The placenta is the
essential interface between maternal and fetal circulation
that normally maintains the proper balance of the meta-
bolic needs of the fetus. However, it can be irreversibly
damaged by oxidative stress, losing adequate functioning
[29]. The role of the placenta in the transfer of some toxic
elements from mother to fetus during gestation has been
demonstrated [30]. The presence of a disrupted placen-
tal barrier may contribute to excessive Cu transport from
the maternal blood to fetal circulation.

More recently there has been a focus on the possible
effects of Mn on fetal development and pregnancy out-
come. Manganese is an essential mineral nutrient in
humans and other animals and is required for normal
amino acid, lipid, protein, and carbohydrate metabolism.
However, Mn exposure also has the potential to produce
toxicity [18, 21, 31, 32]. The primary source of Mn is
through diet, but exposure may also occur environmen-
tally because of its abundance in the earth’s crust and it
commonly being found in the air, water, and soil [33]. The
effect of prenatal Mn levels on neonatal growth remains
unclear [21, 34].

Studies have provided information concerning the rela-
tionship between Mn and birth weight [13, 14, 16, 20,
34]. Vigeh et al. [16] observed significantly lower levels
of Mn in mothers who delivered infants with intrauter-
ine growth retardation compared to mothers who deliv-
ered AGA babies. Conversely, Mn concentrations in cord
blood were significantly higher in infants with intrauter-
ine growth retardation. Zota et al. [20] performed non-
linear spline and quadratic regression models to test the
hypothesis of an inverted U-shaped relationship between
Mn levels and birth weight. These investigators found no
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association between umbilical cord blood Mn and infant
birth weight in adjusted multivariate linear regression
models. However, they did find a non-linear relation-
ship between maternal blood Mn and infant birth weight
[20]. These findings are similar to those recently found
by Chen et al. [13] and Eum et al. [14], suggesting that
both lower and higher Mn exposure is associated with
lower birth weight. In a multicenter study by Yu et al,,
cord serum Mn was not associated with birth weight
after adjusting for potential confounders [34]. However,
there was a linear relationship between cord serum Mn
and birth length. In the present study a clear association
between Mn in umbilical cord blood and birth weight,
length and head circumference was present in the uni-
variate analyses, even though it was not found to be an
independent factor.

The results of the study demonstrate that Ba and Mg
in maternal blood are inversely and significantly related
to all the anthropometric parameters of the newborns.
Higher concentrations of Mg in cord blood of infants
with intrauterine growth retardation, as compared with
normal weight-newborns were observed by Barbosa et al.
[35]. However, maternal samples were not available [35].
To the best of our knowledge, no study focused on Ba
effects has been published.

In contrast, the association was practically non-existent
between anthropometric parameters and the remain-
ing trace elements, As, Co, Cr, Fe, Se, and Zn in both
umbilical cord and maternal blood. In previous studies,
the association varies widely between birth weight and
trace elements such as Se, Zn, Fe, Cr and Mg, [15, 17, 19,
34-38]. Reasons to explain the discrepancies between
studies are not clear, but may be related to the diversity of
unknown factors that could contribute to fetal develop-
ment, heterogeneity in populations, and non-uniformity
in the study designs and techniques used.

In the present research additional information is pro-
vided such as the effect of other factors on fetal growth,
i.e. maternal smoking and female sex, and shorter ges-
tational age, which were significantly associated with
decreased birth weight. Conversely the presence of ane-
mia was associated with increased weight in newborns.

The findings of this study need to be interpreted within
their strengths and limitations. Combining several trace
elements in newborns and mothers, along with other var-
iables of interest, the study analyses the association with
anthropometric characteristics of the newborn, demon-
strating the importance of Cu levels in umbilical cord. In
spite of the fact that the exact toxicity limits of trace ele-
ments in the newborn are not exactly known, this study
provides data on concentrations of Cu and its association
with lower birth weight. This knowledge is important
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considering the known association between fetal growth
and the development of chronic disease in adulthood
[1, 3—-6]. The study has limitations related to the small
sample size, limiting the statistical power. Factors such
as pre-pregnancy BMI, weight gain during pregnancy,
socio-economic level and environmental risk were not
included. Even though the sample is not representa-
tive of the general population, the inclusion of healthy
pregnant women and their newborns along with a large
number of trace elements led to a complete sample for
analysis. Additionally, important indicators and predic-
tors of maternal nutritional status were included such as
maternal anemia and smoking habit. Moreover, given the
cross-sectional design of the study, it is not possible to
establish inference of causality with the factors analysed.

Conclusions

The results demonstrate the importance of Cu levels in
the umbilical cord on birth weight. There may be many
factors acting additively or synergistically to trigger the
condition of low birth weight, and perhaps low birth
weight acts merely as a marker of a number of biologi-
cal insults. The findings of this study suggest that Cu
could be one of these factors. Certainly, more research is
needed in order to better assess the role of trace elements
in fetal growth.

Additional file
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