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Abstract

Environmental pollution and exposure of people to heavy metals cause many bad obstetric outcomes. Our aim is to demonstrate
the role of cadmium (Cd), lead (Pb), mercury (Hg), and selenium (Se) in preterm labor etiology with a case-control study. In this
study, between November 2017 and April 2018, preterm delivery mothers and term delivery mothers were compared in Corum,
Turkey. All deliveries were performed with cesarean sections and there were 30 mothers in the control group and 20 in the study
group. The maternal blood, maternal urine, umbilical cord blood, and heavy metal levels in the amnion fluid in both groups were
studied. Graphite furnace atomic absorption spectrometry was used to determine the blood concentration of Cd, Pb, Hg, and Se.
We found lower levels of selenium in blood and urine of preterm delivery mothers and umbilical cord and amnion fluids of
preterm infants (p < 0.01). We found a statistically significant positive correlation at selenium levels between mother’s blood and
umbilical cord blood (r (50)=0.896, p <0.001) and between maternal urine and amniotic fluid (» (50) =0.841, p <0.001). We
have not found a similar correlation between mother and fetus of other metals (p > 0.05). We found that selenium levels were
lower in mothers who were preterm birth in the light of the data in our study. We could not determine the positive or negative
correlation of Cd, Pb, and Hg levels in blood, urine, and amniotic fluid samples with preterm birth.
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Introduction

Preterm infants are defined as infants born before the 37th
gestational week by the World Health Organization (WHO)
and the International Federation of Gynecology and Obstetrics
(FIGO). This diagnosis is clinically established and includes
cervical dilatation, effacement, or both, associated with regu-
lar uterine contractions. In addition, patients with 2-cm cervi-
cal opening and regular uterine contractions at the time of first
admission are diagnosed with preterm labor. There are many
etiologic reasons underlying the pathophysiology of preterm
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labor. While intrauterine infections are often implicated in
preterm labor in most studies, many complex causes such as
maternal nutrition, genetic, and extracellular matrix regulation
could be found at the basis of the pathophysiology [1].
Industrial environmental pollution, a threat to the whole
world in the last century, affects all forms of life. Among these
sources of environmental pollution are organic hydrocarbons,
pesticides, and heavy metals. The most common heavy metals
affecting the reproductive system are cadmium, mercury, ar-
senic, and lead [2]. There are reports that environmental pol-
lutants cause oocyte maturation deterioration, ovulation de-
fects, implantation/abortion failures, and birth defects [3].
Heavy metals can damage the fetus from weeks when fetal
cell division and fetal cell differentiation begin to occur until
weeks when tissues are formed and even organs become func-
tional. Naturally, the fetus’ susceptibility to toxicity varies
from week to week until birth [4]. The toxic effects of heavy
metals vary according to the type. Cadmium (Cd) is one of the
most common heavy metals found in human physiology with
toxic effects. The toxic effects of Cd are observed even at low
doses and the biological half-life is very long. The half-life in
the human kidney lasts from 6 to 38 years, while the half-life
in human liver lasts from 4 to 19 years [5]. In studies
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evaluating pregnancy outcomes with Cd, low birth weight, Sth
minute APGAR (activity, pulse, grimace, appreciation, respi-
ration) score changes, cognitive disorders, and epigenetic
modifications were identified [6—8]. Lead (Pb) is a toxic heavy
metal found naturally on earth, also found on petroleum prod-
ucts, local plants, water pipes, metal welding materials, and
toys [9]. Lead toxicity has been shown to cause neurobehav-
ioral deficits in children [10]. The immature blood-brain bar-
rier in the early stage of fetal development causes further dam-
age to the embryo or fetus in the case of lead exposure [11].
The placenta and blood-brain barrier allow the passage of Pb
through passive diffusion. Pb negatively affects memory and
learning ability as a cause of hippocampal destruction [12].
Lead affects fetal growth by disrupting normal cell functions
as well as neurological development. Lead can slow down
growth by toxicizing osteocytes responsible for bone growth.
Furthermore, thyroid-stimulating hormone (TSH) secretion
can be disturbed, slowing the development of soft tissues
and reducing the birth weight [13]. Accumulation of lead in
placenta can affect fetal growth by disturbing the transport of
nutrients required for fetal growth [14]. Mercury (Hg) is one
of the toxic heavy metals that have an adverse effect on tissue
and organ functions and are frequently encountered in expo-
sure. It can be found in nature, in soil, water, and air. It has
elemental, organic, and inorganic forms. Mercury is spread
due to volcanic activity, decomposition from the soil and
human-induced environmental pollution [15]. Each form of
mercury causes maternal and fetal toxicity. It can spread to
all tissues in the organism and has neurotoxic, nephrotoxic,
carcinogenic, teratogenic, and cardiotoxic effects [16]. The
greatest risk for fetus is transplacental mercury transit. When
the mercury levels in the mother’s blood were compared with
the mercury levels in the cord blood, the mercury level in the
cord blood was found to be 70% higher [17]. Severe neuro-
logical damage occurs in infants of mothers who are exposed
to mercury. It disrupts the division of fetal neurons required
for normal neurological development and the migration of
nerve cells through microtubules. After these injuries, micro-
cephaly, mental retardation, convulsions, blindness, hearing
loss, and intelligence stress were detected [18].

Selenium is one of the essential minerals that can be ob-
tained from foods and deficiency is responsible for various
complications related to pregnancy [19]. It has been shown
that low levels of selenium detected at 12th week of gestation
cause preterm action [20]. Low selenium levels have also been
shown to increase the possibility of developing preeclampsia
[21]. Selenium with nutritional importance may cause toxic
effects depending on the dose. Symptoms of selenium toxicity
often begin in the form of loss of toe- and fingernails, loss of
body and scalp hair, and muscle and joint pain [22]. Nausea,
abdominal pain, diarrhea, peripheral neuropathy, fatigue, irri-
tability, and hair and nail changes occurred in those exposed to
high-dose selenium in various food supplements [23]. Various

long-term high-dose exposures to the selenium were observed
in various central nervous system manifestations. These are
toxic symptoms in the form of convulsions, hyperreflexia, and
increased delays in visual evoked potentials [24]. Selenium
has various interactions with heavy metals. For example, in
a rat study, concurrent exposure to mercury, lead, and cadmi-
um increased selenium retention in the tissues [25]. But there
is much evidence that selenium has a protective effect against
heavy metal damage in the body. In the rat model, it was
shown that cadmium-induced renal toxicity was prevented
by reducing lipid peroxidation by selenium [26-28].
Although the sociodemographic, nutritional, medical, ob-
stetric, and environmental factors increase the risk of sponta-
neous preterm labor, the precise etiology of preterm labor is
still not fully understood [29]. Our aim is to demonstrate the
role of cadmium (Cd), lead (Pb), mercury (Hg), and selenium
(Se) in preterm labor etiology with a case-control study. The
results of our study have clarified if there is a relationship
between the concentration of studied heavy metals in the bio-
logical material and the occurrence of preterm delivery.

Material and Methods
Study Population and Selection of the Events

Thirty preterm delivery patients and 20 term delivery patients
were included in the study among the patients who applied to
the Hitit University Medical Faculty Obstetrics and
Gynecology Policlinic and delivered by the cesarean section.
Patients were selected among pregnant who delivered be-
tween November 2017 and April 2018. Before the start of
the study, approval was obtained from the Ethics Committee
of the Hitit University Medical Faculty in accordance with the
Helsinki Declaration. Informed consent forms were obtained
from the patients included in the study.

The study was designed as a case-control study. The patients
were divided into two groups. The preterm delivery patients
were in the first group and in the second group there were
mothers who gave birth at term. The gestational weeks of the
patients were based on the first day of the last menstrual period.
Then, to evaluate the accuracy of the gestational weeks, ultra-
sonographic examination was performed before the cesarean
section and compared with the first trimester ultrasonography.
After all three evaluations, pregnancies smaller than the 37th
gestational week were considered preterm delivery [30]. Thirty
pregnancies were born with the preterm cesarean section (case
group) and 20 were delivered with the term cesarean section
(control group). Cesarean indications were limited to old cesar-
ean and malpresentation when patients were selected.

Patients were selected from non-smoking volunteers aged
1840 years. All the pregnancies taken for labor had single
pregnancy and none of the patients had amniotic membrane
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rupture before the cesarean section. Information on the
sociodemographic characteristics of the patients was obtained
by face-to-face interviews. Patients who smoke and drink al-
cohol and use intrauterine devices at any stage of their life
were excluded from the study. The mothers of newborn who
were diagnosed with intrauterine fetal anomaly or born with
neonatal intensive care need or born without spontaneous
breathing were excluded from the study. None of the patients
included in the study had diabetes, preeclampsia, metabolic
disease, malabsorption syndrome, and proven infection. All
pregnant women in the study have been living in Corum/
Turkey. None of the participants live in the industrial zone.
The first-degree industrial zone nearest to the city is approxi-
mately 14 km away. No patient was exposed to heavy metal
exposure at any time during pregnancy. The history of dental
treatment was obtained. Pregnant women with dental amal-
gam were not included in the study. Participants received only
40-60 mg of elementary iron and 1200 IU of vitamin D daily
in line with the country’s health policies. During the follow-up
of pregnancies, selenium-containing support treatments and
multivitamins were not used. Liver and kidney function tests
were normal for all cases in the case and control group.

All of the patients included in the study received regional
anesthesia during the cesarean section. No blood or blood
product transfusions were performed in any patient. Patients
in the case group were treated with nifedipine for preterm
labor and medication for fetal lung maturation with
betamethasone. None of the patients received magnesium sul-
fate treatment.

Collection of Materials and Measurement of Metal
Concentrations

Preoperative venous blood for the cesarean section was taken
from the patients and 10 mL of blood was separated, taken
into spray-coated tubes with sodium heparin, and stored at —
80 °C in the freezer. When the cesarean section was taken,
10 mL of amniotic fluid was removed from the amnion sac.
After the umbilical cord was clamped and the baby was de-
livered to the neonatal team, 5 mL of blood was collected from
the placental side of the placenta before the placenta medical
waste was thrown. All samples were stored in the Eppendorf
tube, — 80 °C freezer until working day.

Reagents

All chemicals were of analytical grade and all of them are
useful for trace element analysis. Sixty-five percent (v/v) nitric
acid (HNOs3) (Sigma-Aldrich Corp, St Louis, MO, USA),
70% (m/v) perchloric acid (HCIO4) (Merck, Darmstadt,
Germany), and Triton X-100 (Sigma-Aldrich Corp, St Louis,
MO, USA) were used for the sample preparation. Working
each solution for Cd (CL01.0306), Hg (CL00.1333), Pb

@ Springer

(CL01.1226), and Se (CL01.1927) elements from Chem-
Lab, Zedelgem, Belgium, was used as standards in concentra-
tions below:

Pb: 3-5-10-15-20 pg/L (ppb)
Cd: 1-5-10-15-20 pg/L (ppb)
Se: 5-10-30-50-80 pg/L (ppb)
Cu: 2-5-10-15-20 ug/L (ppb)

Digestion and Element Analysis

The following sample preparation procedures were tested:

For measurement of Cd and Se levels, open digestion sys-
tem was used; 1 mL of each sample (amnion floods and
urines) was accurately measured with graduated cylinder,
whole bloods measured with automatic pipettes (pipette head
was washed with solvent) then added into a propylene tube,
and 9 mL of a 4:1 HNO5:HCIO,4 mixture was added. Shaked
the mixture carefully or stirred with a clean glass bar. Waited
at least 10 min before putting water bath. The mixture was
digested in a water bath at 80 °C for 2 h. The digestion was
continued until the samples became colorless. After cooling,
colorless solutions were transferred into 10-mL volumetric
flasks and made up to the volume with 5% HNOj3. For mea-
surement of Hg and Pb levels, 1 mL of each sample and 6 mL
HNO; solution and 3 mL Triton X-100 solution were mixed
and then shaked the mixture carefully or stirred then putting
water bath. The mixture was digested in a water bath at 80 °C
for 2-3 h. The digestion was continued until the samples be-
came colorless. After cooling, colorless solutions were trans-
ferred into 10-mL volumetric flasks and made up to the vol-
ume with 5% HNO;s [31].

The optimize furnace parameters wizard in the SOLAAR
(Thermo Scientific, Cambridge, England) software was used
to determine the most suitable temperatures and flow rate for
analyses of the digested samples for each elements.
Autosampler was used to optimize the position of the injection
capillary and to observe the deposition of the sample into the
cuvette. The 10 pg/L of each element solution was used as the
master standard for the method. The autosampler was pro-
grammed to automatically generate calibration standards at
useful range. All samples, blanks, and standards were injected
at a constant fixed volume of 10 uL, alongside an additional
aliquot of 10 pL of matrix modifier into an electrographite
cuvette. Cd was analyzed at 228.8 nm, Hg was analyzed at
253.7 nm, Pb was analyzed at 217.0 nm, and Se was analyzed
at 196.0 nm and Zeeman background correction was used
throughout. Peak areas were measured for the production of
the calibration and subsequent determination of the sample
concentrations.

The detection limit (LOD) of each element: Cd, 0.01 ppb;
Pb, 1.24 ppb; Se, 4.25 ppb; and Hg, 0.12 ppb. The precision
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for inter-day and intra-day determinations for all elements
ranged under 4%. In addition, the certified reference materials
supplied from Seronorm were used to perform daily quality
control (LOT, 1309438).

Apparatus

An atomic absorption spectrophotometer’s graphite furnace
(Thermo Scientific iCE 3000 Series, Thermo Scientific,
Cambridge, England) was used to measure total concentra-
tions of Cd, Hg, Pb, and Se in all samples. Analytical lines
of Cd 228.8 nm, Hg 253.7 nm, Pb 217.0 nm, and Se 196.0 nm
were measured [32].

Statistical Method

Statistical analyses were performed with SPSS (version 22.0,
SPSS Inc., Chicago, IL, USA). The distribution of normality
was examined by the Shapiro-Wilk test. Descriptive statistics
were presented as mean + standard deviation or median (min-
max) according to data distribution for continuous variables.
The median comparisons of Cd, Hg, Pb, and Se between the
control and preterm groups were made by the Mann Whitney U
test. Relationships between mother blood, fetus blood, and urine
amnion were assessed by Spearman’s correlation coefficient.
Regression analysis was applied to determine the cause-and-
effect relationship between the variables with significant corre-
lation. The statistical significance was accepted as p <0.05.

Results

When the ages of the study groups were compared, the mean
age of the control group (28.0 +5.19) was higher than the pre-
term delivery group (25.15 £2.78). This difference between the
averages of age was statistically significant (p =0.015). There
was a significant difference between the groups in the maternal
birth weeks (p <0.001). The mean birth week of the control
group (39.08 £0.71) was higher than that of the preterm deliv-
ery group (35.11 +0.87). There was a significant difference
between the weights of newborns (p < 0.001). The mean weight
of newborns in the control group (3422 +224) was higher than
that of the preterm delivery group (2445 £238) (Table 1).

Pb levels in maternal urine were higher in the control group
than in the preterm labor group when heavy metal levels were
compared between the two groups (p <0.001). However,
there was no elevation in maternal blood, fetal blood, and
amniotic fluid Pb levels in the control group (p=0.357, p=
0.285, p=0.789, Table 2). Se levels were significantly differ-
ent between maternal blood, fetal blood, maternal urine, and
amnion fluid groups (p <0.001). There was no statistically
significant difference in Cd and Hg levels between the groups
of blood, urine, and amnion fluid (»p > 0.05).

Table 1 Descriptive statistics of volunteers taken to study

Control (n=30) Preterm (n=20) p value
Age (year) 28.0+5.19 25.15+2.78 0.015%
Gravida 3 (1-6) 224 0.024°
Parita 2 (04) 1(0-2) <0.001°
Birth week (week) 39.08+0.71 35.11+0.87 <0.001"
Newborn weight (gram) 3422 +224 2445+238 <0.001"
Live 2 (04) 1(0-2) <0.001°
Abortus 0 (0-2) 0.5 (0-2) 0.173°

*Student’s £ test, > Mann Whitney U test

There was a statistically significant positive correlation be-
tween selenium levels in the mother’s blood and selenium
levels in the umbilical cord blood ( (50) =0.896, p <0.001).
There was also a statistically significant positive correlation
between selenium levels between maternal urine and amnion
fluid (» (50)=0.841, p<0.001). No significant correlation
was found between maternal vs fetal blood values and urine
vs amnion fluid values for other heavy metals (p > 0.05).

When the amount of Se in the mother’s blood increased by
1 unit in control group, the amount of Se in the fetal blood
increased by 0.936 (0.624—1.248) units (p < 0.001). According
to the regression analysis expression coefficient (R®), 57.4% of
the amount of Se in cord blood can be explained by the amount
of selenium in the mother’s blood. When the amount of Se in
the mother’s blood increased by 1 unit, the amount of Se in the
fetal blood increased by 0.306 (0.004—0.608) units (p = 0.047)
for the preterm group. According to the regression analysis
expression coefficient (R?), 20.1% of the amount of Se in cord
blood can be explained by the amount of selenium in the
mother’s blood (Table 3).

When the amount of selenium in the mother’s urine in-
creased by 1 unit, the amount of Se in the amnion fluid in-
creased by 0.47 (0.06-0.87) units (p =0.027) for the control
group. According to the regression analysis expression coef-
ficient (Rz), 16.4% of the amount of Se in the amnion fluid can
be explained by the amount of selenium in the mother’s urine.
When the amount of selenium in the mother’s urine increased
by 1 unit, the amount of Se in the amnion fluid increased by
0.25 (0.01-0.49) units (p <0.001) for the preterm group.
According to the regression analysis expression coefficient
(R?), 20.6% of the amount of Se in the amnion fluid can be
explained by the amount of selenium in the mother’s urine
(Table 4).

Discussion
The aim of our research was to determine the role of heavy

metal levels in the etiology of preterm delivery. Selenium
levels were found to be lower in preterm delivery mothers
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Table 2 Comparison of heavy

metal levels between groups Control (n=30) Preterm (n=20) p value
Cd (ng/L) Mother blood 0.34 (0.11-0.84) 0.53 (0.12-0.99) 0.106
Fetal blood 0.23 (0.06-0.83) 0.26 (0.06-0.47) 0.953
Mother urine 0.42 (0.08-0.98) 0.43 (0.07-0.96) 0.546
Amnion fluid 0.19 (0.11-0.95) 0.17(0.09-0.48) 0.774
Pb (pg/L) Mother blood 46.08 (39.69-58.31) 45.98 (40.25-56.99) 0.357
Fetal blood 42.76 (23.71-57.29) 37.07 (22.32-48.33) 0.285
Mother urine 2.62 (1.07-3.35) 1.83 (1.08-3.14) <0.001
Amnion fluid 61.19 (51.31-67.60) 60.21 (52.96-67.35) 0.789
Hg (ug/L) Mother blood 2.41 (1.01-3.99) 2.60 (1.08-3.65) 0.620
Fetal blood 4.42 (2.15-6.98) 4.98 (2.06-7.04) 0.614
Mother urine 0.84 (0.63-1.08) 0.83 (0.68-1.11) 0.223
Amnion fluid 3.46 (1.25-5.81) 343 (1.144.72) 0.714
Se (ng/L) Mother blood 78.98 (72.36-84.14) 65.36 (59.68-73.65) <0.001
Fetal blood 69.17 (64.25-78.54) 50.90 (46.21-59.65) <0.001
Mother urine 23.44 (19.66-26.69) 16.36 (10.37-19.61) <0.001
Amnion fluid 26.00 (22.56-29.88) 19.42 (18.01-22.56) <0.001

Cd, cadmium; Pb, lead; Hg, mercury; Se, selenium. Mann Whitney U test

when the heavy metal levels of the groups of term and preterm
delivery mothers included in the study were compared. There
was no significant difference between the two groups in cad-
mium and mercury levels. It was observed that the lead was
higher in the urine of the mothers who gave birth to the term.

There are many studies in literature that show the effects of
high heavy metal levels on pregnancy outcomes. However, a
case-control study evaluating preterm birth and heavy metal
levels is limited. In our study, we found a positive correlation
in selenium levels between maternal blood and cord blood. A
similar correlation was found in another study in which the
selenium level was assessed with birth weight [33]. In our
study, there was a relationship between preterm labor and
low selenium levels, whereas in another case-control study
in which preterm labor was evaluated, there was no relation-
ship between selenium levels and the week of birth [34].

In our study, no statistically significant difference was
found between the levels of cadmium, mercury, and lead of
the control group with the preterm action group. In a large
retrospective study conducted in Japan, a relationship was

found between maternal blood cadmium levels and preterm
birth at early weeks [35]. Cadmium levels were also investi-
gated in ectopic pregnancies. There was no significant associ-
ation between blood cadmium levels and ectopic pregnancy
[36]. In a study where maternal blood lead levels were mea-
sured, a correlation was found between premature birth risk
and high lead levels [37]. We found a higher level of lead in
the urine of the control group mothers. There are also publi-
cations in literature where higher levels of lead are detected in
the urine of preterm delivery mothers [38]. We did not find a
relationship between mercury levels and preterm labor in our
study, but there are studies in the literature that indicate that
mercury accumulation is higher in the hair of prematurely
delivered mothers [39]. In addition to these studies, there
was another study from Myanmar, a cohort study of the effects
of arsenic, cadmium, and lead urine levels on pregnancy out-
comes showed that heavy metal exposure was associated with
low birth weight, but not with preterm labor [40].

The heavy metal levels obtained in our study are similar
when compared to previous studies. However, there is no

Table 3 Results of regression

analysis of selenium levels in Model B 95.0% CI for B t p value
fetus and maternal blood
Lower bound Upper bound
Control Constant —3.958 —28.407 20.491 -0.332 0.743
Maternal blood Se 0.936 0.624 1.248 6.143 <0.001
Preterm Constant 30.361 10.259 50.463 3.173 0.005
Maternal blood Se 0.306 0.004 0.608 2.127 0.047

CI, confidence interval; Se, selenium

@ Springer



Is the Concentration of Cadmium, Lead, Mercury, and Selenium Related to Preterm Birth? 311

Table 4 Regression analysis

results of amnion fluid and Model B 95.0% Cl for B t p value
maternal urine selenium levels
Lower bound Upper bound
Control Constant 15.214 5.751 24.677 3.293 0.003
Maternal urine Se 0.465 0.058 0.873 2.340 0.027
Preterm Constant 15.649 11.682 19.616 8.288 <0.001
Maternal urine Se 0.249 0.007 0.490 2.158 0.045

CI, confidence interval; Se, selenium

consensus on the limits of heavy metal levels during pregnan-
cy [41]. However, when we compared our results with previ-
ous studies, we found no difference in Pb blood levels in the
preterm birth and term birth group. The levels of Pb that we
found in the blood were lower the maximum limits by the
USA, Germany, and Austria. Pb levels were found to be low
in our study because the patients in our study live in areas
where there is no industrial production.

In one of the previous studies, the blood lead levels of
pregnant women who had preterm labor were high. In our
study, no statistical difference was found between the groups
[42]. In addition, high blood Cd levels were correlated with
low birth weight in one of the previous studies. In our study,
no statistically significant difference was found between the
groups in terms of maternal blood and fetal blood Cd levels
[43]. The effect of cadmium exposure on pregnancy outcomes
was investigated in another study. The levels of development
and intelligence were found to be lower in children born over
0.6 pg/L of Cd levels in cord blood. In our study, all cord Cd
values were found to be less than 0.3 pug/L [44].

One of the limitations of working is the number of volun-
teers included in the groups. Reasons for the low number of
volunteers included in the study were rigid exclusion criteria
used to form homogeneous groups, the number of volunteers
who are informed about the study is low, and finally to obtain
four biological materials such as peripheral blood, cord blood,
urine, and amnion fluid from a volunteer. Another limitation
of the study is that we can not explain the fact that the lead
level is higher in the healthy volunteer group, although we
have checked the same time and same medical and laboratory
materials at least 3 times for all groups.

Conclusion

Our study found that selenium levels in preterm delivery
mothers and infants were lower. There was a positive correla-
tion between selenium levels between maternal blood and
fetal blood and between maternal urine and amniotic fluid.
Heavy metal levels were not different between the groups
and it was concluded that there was no relationship with pre-
term birth.
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