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Abstract. - OBJECTIVE: Lack of trace ele-
ments during pregnancy is detrimental to mater-
nal and fetal health. Our aim is to study the
changes in trace element levels in Chinese preg-
nant women and their association with adverse
pregnancy outcomes.

PATIENTS AND METHODS: 1568 cases of Chi-
nese pregnant women in remote areas were col-
lected for a prospective cohort study. Serum cop-
per, zinc, calcium and iron levels were measured
at pre-pregnancy, 1st trimester (7w-12w), 2
trimester (24w-28w) and 3rd trimester (35w-40w).

RESULTS: (1) Serum copper levels was signifi-
cantly higher after pregnancy than before, calci-
um and iron levels decreased, but zinc levels did
not change significantly. (2) Copper and zinc defi-
ciency in pregnant women was not a common
finding, but lack of iron and calcium was fre-
quently encountered; iron deficiency was espe-
cially common in the 3rd trimester (42.27%). (3)
Serum zinc and iron levels in patients who either
had a miscarriage or a preterm delivery were sig-
nificantly lower than in the control group (p <
0.05). In patients with premature rupture of mem-
branes, serum zinc levels were significantly lower
(p < 0.05). In patients with intrauterine growth re-
striction (IUGR), serum copper, zinc, calcium and
iron were significantly lower (p < 0.05).

CONCLUSIONS: Trace elements is closely as-
sociated with fetal growth and development dur-
ing pregnancy. Deficiency can lead to adverse
pregnancy outcomes. Therefore, we should
have a reasonable diet, replenish trace ele-
ments, therefore reducing the occurrence of ad-
verse pregnancy outcomes.
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Introduction

Maternal nutritional status directly affects fetal
growth and development. Levels of serum trace

elements is an important indicator of maternal
nutritional status during pregnancy'. Trace ele-
ments play an important role during pregnancy
and any reduction may lead to physical abnor-
malities and diseases, which may increase the in-
cidence of adverse pregnancy outcomes?®. Ele-
ments associated with adverse pregnancy out-
comes include copper, zinc, calcium, magne-
sium, iron and iodine among others®. The vast
majority of copper exists as ceruloplasmin and
their main function is to protect cells from the
toxic superoxide anion and ensure normal fetal
growth and immune function. Copper also partic-
ipates in the maintenance of normal hematopoiet-
ic function and maintenance of the central ner-
vous system, which promotes bone, blood ves-
sels and skin health*. Studies have shown that
pregnant women presenting with copper defi-
ciency are prone to preterm delivery, premature
rupture of membranes and fetal nervous system
damage’. In humans, zinc is a component of a
variety of enzymes and nucleic acid. It is directly
involved in the body‘s synthesis of DNA and
RNA and transcription and replication, which
plays an important role in the human immune
system and the development of the fetal nervous
system®. Studies have shown that lack of zinc in-
take in late pregnancy can cause fetal growth re-
tardation, congenital malformations, and even fe-
tal death’. Calcium is the main component of the
teeth and skeleton and it plays an important role
in the activation of muscle-keeping, nervous ex-
citement and enzyme activation. Studies have
shown that calcium deficiency in pregnant
women can cause gestational hypertension® and
aggravate postpartum hemorrhage. Calcium defi-
ciency can cause ossification disorder, when ma-
ternal calcium mobilization compensate for the
lack of fetal calcium, which may lead to an in-
creased maternal deficiency®. Iron is the main
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component of hemoglobin and myoglobin, it is
not only involved in oxygen transport, storage
and use, but also involved in the synthesis of cy-
tochrome enzymes, peroxidase enzymes and hor-
mones'?. Past studies have shown that anemia oc-
curs in pregnant women who have a lack of iron,
leading to fetal chronic hypoxia, premature birth
and perinatal fetus mortality'!!%.

The imbalance of the four trace elements men-
tioned above may be closely related to complica-
tions during pregnancy, including miscarriage,
preterm delivery, stillbirth, intrauterine growth
restriction, fetal malformations, premature rup-
ture of membranes and other adverse pregnancy
outcomes. However, owing to differences be-
tween races, difference in diet and living envi-
ronments, changes of these trace elements during
pregnancy in Chinese women is not well under-
stood. Lack of trace elements in pregnant women
and the way they affect pregnancy outcome is al-
so not clear. Our research will prospectively ob-
serve changes of maternal serum trace elements
in pregnant Chinese women and analyze their re-
lationship with adverse pregnancy outcomes, so
as to be able to guide women during their preg-
nancy when it comes to intake of trace elements,
and to minimize the occurrence of adverse preg-
nancy outcome.

Clinical Subjects

A total of 1568 cases were collected in antena-
tal care clinics in our hospital from February
2013 to January 2014. They were all from down-
town areas. Their age ranged from 18 year old to
39 year old, and mean age was 26.4 year old.
There were 1435 cases of primiparas and 133
cases were multiparas. We conducted a prospec-
tive cohort study for our research. In pre-preg-
nancy, first trimester (9-12w), second trimester
(24-28w) and third trimester (35-40w), measure-
ment of trace elements level were undertaken.
Pregnancy outcomes of clinical subjects were
collected, including gestational age at delivery,
miscarriage, preterm delivery, gestational hyper-
tension, intrauterine growth restriction (IUGR),
fetal malformations and premature rupture of fe-
tal membranes, etc. Almost all the clinical sub-
jects were not on any treatment plan of trace ele-
ments during pregnancy. Five women were ex-
cluded for trace elements supplements before
pregnancy, and 15 pregnant women who planned
to add trace elements after pregnancy were also
excluded. Finally, 1065 cases of pregnant women
had given birth in our hospital, but 58 cases had

a miscarriage. Stillbirth and fetal malformation
were not recorded. Maternal data and detection
in each gestational age was shown in Figure 1.

Laboratory Tests

In the different pregnancy period, 5 ml fasting
blood was extracted for analysis. After mixing
with anticoagulant EDTA-K?2, trace elements were
detected. Serum was separated at a rotational speed
of 1000-2000 r/min in the centrifuge for 10 min,
and measured for copper, zinc, calcium and iron
content. BH-5100 five-channel atomic absorption
spectrometer was used for trace elements detection
(Beijing Bo Hui Innovative Photovoltaic Technol-
ogy Co., Ltd). Dilution of trace elements, control
solution and calibration solution were provided by
that company. Normal reference range of trace ele-
ments provided by the kit reference range showed
11.8-39.3 pmol /L for copper, 76.5-170 ymol/L for
zinc, 1.55-2.10 mmol/L for calcium and 7.52-
11.80 mmol/L for iron. Detection value that was
less than the lower limit of the normal reference
value or greater than upper limit of normal refer-
ence values were determined to be abnormal.

Statistical Analysis

SAS 9.2 (USA) was used for statistical analy-
sis in this study. Test results such as trace ele-
ments were shown as Mean + SD. Comparison
between multiple groups was done with ANOVA
analysis and the authors also used the post-hoc
test. The Authors should use also post-hoc test.
Values of trace elements detection between preg-
nant women with adverse pregnancy outcomes
and normal pregnancy women were compared
with the #-test. p < 0.05 was considered statisti-
cally significant.

Results

Changes of 4 Trace Elements
During Pregnancy

In our study, trace elements in different gesta-
tional age of pregnant women were measured. As
pregnancy advances, serum copper levels were
significantly increased. In the 1%, 2" and 3™
trimester of pregnancy, it was significantly high-
er than in pregnancy before. Serum zinc level
was not significantly changed before and after
pregnancy. Serum calcium levels was reduced
during pregnancy, but had no significant differ-
ence compared to previous pregnancies. Serum
iron levels decreased after pregnancy, and in the
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Figure 1. Number of pregnant women included in the detection at different periods.

third trimester, it was significantly lower than be- Trace elements Deficiency

fore pregnancy. Specific data and the trends of 4 in Pregnant Women

trace elements during pregnancy were shown in Specific data of trace elements deficiency are
Table I and Figures 2 to 5. shown in Table II. We found that the lack of cop-

Table I. Trace elements levels in different detection period in pregnant women.

Copper Zinc Calcium Iron

(umol/L) (umol/L) (mmol/L) (mmol/L)
Pre-pregnancy (n = 1568) 2343 £5.74 87.32 £12.76 1.72 £0.18 8.10 £ 1.01
1* trimester (n = 1447) 3045 +5.21° 79.32 +12.87 1.55+0.21 7.43 +1.04
2™ trimester (n = 1254) 29.77 £5.02* 84.13 £ 12.96 1.59+£0.19 7.35+1.18
3 trmester (n = 1178) 31.02 + 6.03* 84.55 +14.38 1.57+0.20 6.82 +0.92*
F 9.362 1.232 1.432 6.543
P <0.001 0.364 0.201 0.013

2Compared with pre-pregnancy, p < 0.05.
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Figure 2. Serum copper levels at different detection periods.

per and zinc in pregnant women was less fre-
quently encountered, but a relatively larger pro-
portion of pregnant women had an iron and calci-
um deficiency and iron deficiency was a common
finding in the 3" trimester of pregnancy (42.27%).

Maternal Trace Elements Deficiency and
its Relationship with Pregnancy Outcome
Pregnancy loss (n = 58, Figure 1) and major ad-
verse pregnancy outcomes, including premature
birth (n = 39, Figure 1), gestational hypertension
(including pre-eclampsia, eclampsia), premature
rupture of membranes, IUGR were followed up.
Of 1178 cases between the 37" and 40™ week of
gestation, gestational hypertension was diagnosed
in 79 cases, and there was 101 cases of premature
rupture of membranes and 25 cases of [IUGR were
also found. The remaining 973 cases which were

Figure 4. Serum calcium levels at different detection periods.

in the 3" trimester were classified as the control
group (n = 1389 in 1st trimester were used as the
control group, see Figure 1). Comparison of four
trace elements is shown in Table III. It was found
that serum zinc and iron levels in patients with
miscarriage and preterm delivery were significant-
ly lower than in the control group. In patients with
premature rupture of membranes, serum zinc lev-
els were significantly lower than in the control
group. In IUGR patients, serum copper, zinc, cal-
cium and iron were significantly lower than in the
control group.

Discussion

Trace elements play a crucial role in normal
metabolism in pregnant women, fetal growth and
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Figure 3. Serum zinc levels at different detection periods.

Figure 5. Serum iron levels at different detection periods.
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Table Il. Accounting of cases in trace elements deficiency.

Copper Zinc Calcium Iron
Pre-pregnancy (n=1568) 11 (0.70%) 65 (4.15%) 220 (14.03%) 165 (10.52%)
1% trimester (n=1447) 12 (0.83%) 121 (8.36%) 454 (31.37%) 482 (33.31%)
2M trimester (n=1254) 9 (0.72%) 89 (7.10%) 319 (25.44%) 447 (35.65%)
3 trmester (n=1178) 8 (0.68%) 78 (6.62%) 348 (29.54%) 498 (42.27%)

immune function'®. Copper, iron, zinc and calci-
um are essential trace elements, which exist in a
variety of enzyme systems and play an important
role in maintaining cell proliferation'*!. Defi-
ciency of trace elements is also closely related to
many complications of pregnancy, including
miscarriage, preterm delivery, stillbirth, poor in-
trauterine growth, deformities, premature rupture
of membranes and other adverse pregnancy out-
comes.

The physiological role of copper is to primari-
ly protect the body cells from the toxicity of su-
peroxide ions, thereby promoting the growth and
development. Progesterone stimulates the liver to
increase synthesis of ceruloplasmin which can
promote fetal growth and development, supply
nutrition and strengthen the immune function'®.
In patients presenting with copper deficiency, cy-
tochrome synthesis and bone collagen synthesis
are impaired, therefore, bone development is also
inhibited. Zinc is also known as an “intelligence”
element. It plays an active role in a variety of en-
zymes, such as carbonic anhydrase, DNA poly-
merase, RNA polymerase, etc., participating in
important biochemical nucleic acids, proteins
and other metabolic processes, in order to pro-
mote growth and development'’. Therefore, zinc
deficiency in pregnant women can directly or in-
directly affect the growth and development of the

fetus. If there is zinc deficiency in pregnant
women, they may have loss of appetite, which
invariably affects nutrients intake and leads to
poor fetal development'8. Our results showed
that serum zinc in IUGR cases was significantly
lower than in healthy pregnant women, which
was due to a discrepancy in supply and demand,
that is, inadequate intake by the pregnant mother
which was insufficient for proper fetus develop-
ment. Therefore, monitoring of serum zinc in
pregnant women during pregnancy is important
so as to ensure proper fetal development.

Iron is an important component in the synthesis
of hemoglobin. During pregnancy, blood volume
augments fast in pregnant women and their fetus-
es. The body requires a large amount of iron for
the synthesis of hemoglobin. Iron deficiency can
cause anemia, decreasing the capacity of carrying
the oxygen by hemoglobin, resulting in chronic
lack of oxygen in mother and fetus'®. As a result
of inadequate intake of iron, iron deficiency or
anemia will directly affect fetal growth and devel-
opment. Therefore, during pregnancy, pregnant
women should increase the intake of iron, so as to
constantly meet the physical needs of pregnant
women and fetuses. Our study found that serum
iron levels gradually decreased as the pregnancy
progressed. Also, pregnant women had evident
iron deficiency, and especially in late pregnancy,

Table Ill. Maternal trace elements deficiency and its relationship with pregnancy outcome

Copper Zinc Calcium Iron

(umol/L) (umol/L) (mmol/L) (mmol/L)
Miscarriage (n = 58) 29.96 £5.27 72.67 +11.98 1.50 £0.19 6.96 +0.98*
Control group (n = 1389) 31.24 £5.07 83.25 +12.79 1.58 £0.22 7.59 £1.01
Preterm delivery (n = 39) 29.30 +5.80 73.55 + 14.09° 1.53+£0.20 6.51+1.19°
Gestational hypertension (n = 79) 30.32 +5.98 75.32 +14.8* 1.49 £0.19* 6.89 +1.08
Premature rupture of membranes (n = 101) 30.21 +£5.78 7321 £13.9° 1.52 +0.21 6.73 +1.12
IUGR (n = 25) 2328 £5.27* 71.28 £12.99* 1.45+0.15° 6.39+1.01*
Control group (n=973) 32.74 £ 6.23 87.29 + 14.87 1.64 +0.21 7.09 +1.21

*Compared with the control group, p <0.05.
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iron deficiency was very frequently encountered
(42.27%). Pregnant women should have iron sup-
plementation in late pregnancy, in order to main-
tain normal physiological needs. Calcium plays an
important role in the development process of fetal
bones, nerves and muscles. Maternal serum calci-
um levels directly affect fetal serum calcium con-
centration. Calcium is very important in the
growth and development of the fetus®]. During
pregnancy, as a result of an increasing need of cal-
cium in mother and fetus, calcium deficiency is a
commonly encountered issue®!. Severe calcium
deficiency can cause lower limbs cramps in moth-
ers, fetal growth restriction and so on?. Our study
also found that there was a severe lack of calcium
in IUGR pregnancies.

Gestational hypertension is the most common
complication in pregnant women and is a common
cause of maternal and perinatal morbidity and
mortality. It has been found that lack of calcium,
magnesium, zinc, selenium and other elements is
closely related to the development of pre-eclamp-
sia?®. Calcium and zinc imbalance, especially play
a very important role in the pathogenesis of pre-
eclampsia®. Levels of serum zinc in cord blood is
dependent on placental transport function. Gesta-
tional hypertension or prolonged pregnancy pa-
tients, who are more liable to have placental dys-
function, had a reduced ability of transporting zinc
through the placenta, resulting in a decrease in
serum zinc in the cord blood, such that the fetal
serum zinc level was relatively lower”. The re-
sults of our study showed that serum zinc levels in
patients with gestational hypertension was signifi-
cantly lower than in the control group. In recent
years, studies have found that serum calcium lev-
els in PIH (pregnancy induced hypertension) is
significantly decreased as compared to relatively
normal pregnancies®. A Study by Ephraim et al*’
also confirmed this finding. This study comprised
of 120 women with PIH, 100 women with PE
(pre-eclampsia) and 160 healthy, age-matched
pregnant women (controls). Women with hyper-
tensive disorders (PE and PIH) had significantly
lower serum calcium levels than those in the con-
trol group (p < 0.0001). Our study found that
serum calcium levels in PIH were significantly
lower than in the control group. In addition to this,
trace elements are also closely related to threat-
ened abortion, miscarriage, preterm delivery and
premature rupture of membranes®. Our research
found that in patients with preterm delivery and
abortion, serum zinc and iron levels were signifi-
cantly lower than those of the control group. Zinc

in patients with premature rupture of membranes
was lower than in the control group. This points
to the fact that these two elements are potentially
important factors affecting fetal growth and de-
velopment, but the underlying mechanism is still
not fully understood. Zinc can promote growth
and development, accelerate the speed of cell di-
vision and maintain a high level of cell metabo-
lism?. In addition, iron can also enhance the re-
sistance of white blood cells, and strengthen fetal
immune system®. Therefore, lack of these two
elements are closely related to preterm delivery
and miscarriage.

Lack of trace elements can lead to fetal growth
restriction in pregnant women?'. Usually, there is
a lack of vitamins and trace elements in [UGR
patients. A study by Brough et al*? confirmed
this finding. They conducted a randomized, dou-
ble-blind, placebo-controlled trial of multiple-
micronutrient supplementation including 20 mg
Iron and 400 microg folic acid from the first
trimester of pregnancy. In the compliant subset
(n = 149), placebo mothers had more small-for-
gestational age (SGA) infants (eight SGA vs.
thirteen; p = 0.042) than the treatment mothers.
Therefore, inadequate intake of trace elements
will directly affect fetal growth and develop-
ment, potentially leading to [IUGR. The results in
this study also support this view.

Conclusions

In this study we have showed that trace ele-
ments deficiency is a real problem in pregnant
Chinese women. They should be promptly sup-
plied trace elements according to individual cir-
cumstances, especially in late pregnancy. When
pregnant women are supplied adequate levels of
trace elements, they can maintain healthy and
well developed fetuses. Therefore, pregnant
women should maintain nutritional balance; have
regular medical examinations, serum trace ele-
ments should also be investigated, thereby reduc-
ing adverse pregnancy outcomes.
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