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Abstract

High-level toxic metal exposure has become rare in the recent years. Although, it has not known whether relatively lower exposure
may adversely affect human reproductive system. Spontaneous abortion (SA) is a serious reproductive problem, which, in many
cases, the cause(s) is not clearly understood. To assess the relationship between prenatal blood level of metals and SA risk, we
compared blood concentration of some heavy metals in samples taken from mothers recruited in Tehran Environment and
Neurodevelopmental Defects (TEND) study conducted on apparently healthy pregnant women in Tehran, Iran who subsequently
experienced spontaneous abortion with mothers who their pregnancy ended to live births. During early gestation, 206 women were
enrolled to the survey and followed up till fetal abortion or baby deliveries occur. Blood metal concentrations were measured using an
inductively coupled plasma mass spectrometer. The mean blood levels of lead, antimony, and nickel were higher in SA than ongoing
pregnancy; however, this difference was not statistically significant. When adjusted for covariates, the logistic regression analysis
showed significant association between maternal age and the risk of SA in all models. Among toxic metals only antimony had a
noticeable positive relation with the risk of SA (OR: 1.65, 95% CI:1.08-2.52, P value: 0.02). Pearson’s correlation coefficient showed
significant (P < 0.05) positive correlations among prenatal blood metals levels, except for nickel. Although the present study failed to
provide strong evidence for the effects of toxic metals on the occurrence of SA at the relatively low-levels, these metals should be
avoided in women who plan pregnancy and/or during the early stages of gestation to prevent the chance of adverse effects.
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Introduction through foods and industrial activities. Despite extensive efforts
and strict regulations, clinical and subclinical poisoning of some
Toxic metals, such as lead and cadmium, are ubiquitous envi-  toxic metals still occurs and continues to rise in developing na-

ronmental pollutants. Human exposure commonly occurs  tions [1]. Although high-level toxic metal exposure becoming
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rare in the recent years, it has not been yet known whether
relatively lower concentrations may adversely affect human re-
productive system. In addition, many of these metals can accu-
mulate in some parts of human body (i.e., bones, hair, and red
blood cells) [2, 3], then, release form retained organs and in-
crease blood concentrations during highly exchangeable period,
such as pregnancy [4, 5]. These elements (i.e., lead, nickel, chro-
mium, mercury, and cadmium) in pregnant women’s blood can
pass through the placenta barrier to the fetus, in different rates,
and increase the risk of adverse effects, such as pregnancy in-
duced-hypertension, premature delivery, low birth weight, fetal
loss, and stillbirth [6—12].

Spontaneous abortion (SA) is a serious reproductive prob-
lem, occurring in 10-15% of pregnancies [13]. Although the
cause(s) of SA has not clearly been understood, about 60% of
cases are thought to result from physiological/anatomic disor-
ders, gene anomaly, infections, hormonal disruptions, immu-
nologic problems; or they may be related to diseases, such as
diabetes mellitus and thyroid dysfunction [14, 15].
Epidemiologic studies indicate that prenatal exposure to toxic
metals (lead, mercury, nickel, arsenic, chromium, antimony,
bismuth, and cadmium), measured in maternal blood or pla-
centa, can increase the probability of SA and stillbirths occur-
rence [1, 3, 16-21]. For instance, increased maternal blood
cadmium and lead can increase the risk of miscarriage, up to
2-fold, than control group [3, 22]. In addition, SA were report-
ed in 16% of nickel-exposed female workers compared with
9% in the construction workers [23]. Although reproductive
toxicant of some toxic metals have been shown in deferent
researches, the direct effects on SA risk have not been
completely elucidated yet [24-26].

Consistent evidences have tended to indicate an increase
SA risk at high levels of metals concentrations. However,
influence of the relatively lower levels (i.e., < 5 pg/dL for
lead), which frequently occurs in many industries and/or in
general population, has not been elucidated yet. To assess the
effects of prenatal whole blood metals on SA risk, we
employed the data of a birth cohort study (Tehran
Environment and Neurodevelopmental Disorder, TEND) on
apparently healthy pregnant women, begun in March 2016.

Methods
Study participants

The present study was conducted in Tehran, the capital of
Iran, with the population of more than 8.7 million (according
to 2016 national census). The city is divided into 22 adminis-
trative districts with an area of 613 km? [27]. Tehran has a
significant variation of environmental exposures, socioeco-
nomic conditions, and health care services availability. We
recruited pregnant women who administered for prenatal care
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to three teaching hospitals and two healthcare centers of
Tehran University of Medical Sciences (TUMS), located in
different areas of the city. Figure 1 shows the location of the
research sites and participants’ inhabitance. The survey data
gathering and sample collection were conducted from
March 2016 to October 2017.

The survey inclusion criteria were: (1) Iranian nationality;
(2) Tehran city inhabitant; (3) gestational age 10 to16 weeks at
the time of sampling; and (4) deciding to give birth at one of
our research hospitals. The study participants did not have
known chronic conditions, such as cancer, diabetes, hyperten-
sion at the time or survey recruitment. The TUMS Ethical
Committees reviewed and approved the study design, proce-
dures, and informed consent format (permission No:
IR.TUMS.REC.1394.1180). All participants received verbal
explanation of the purpose and procedures of the study. If they
had agreed to participate to the survey, signed the informed
consent in purely voluntary situation.

Of 838 pregnant women referred for prenatal care during
the study recruitment period, about 25% (n =206) women had
gestational age between 10 and 16 week (confirmed by ultra-
sound imaging report), and agreed to participate to the survey.
Blood sampling requirement was one of the main causes of
women declined participation in the study. After blood sample
collection in the first trimester of pregnancy, the study partic-
ipants were followed till abortion or baby delivery.

Data gathering

We developed a structured questionnaire to gather participants’
information, through a face-to-face interview by trained re-
search staffs, for socio-demographic characteristics, life style/
habits, medical/pregnancy histories (if any), and occupational/
environmental exposures. The pregnant women were followed
and classified as SA, if fetal demise occurred before 20"weeks
of gestation. In case of the study participants did not give de-
livery in the research hospitals, we gathered the pregnancy out-
comes information using a telephone call. The women’s height
was measured to the nearest centimeter using a rigid
stadiometer, which was rigorously checked for accuracy.
Using a standard balance beam scale, which was calibrated
every day, maternal weight (kg) was measured. Body mass
index (BMI) was calculated as the weight (kg) divided by
square of the height (m?). Gestational age (the age of a preg-
nancy) is described how far along the pregnancy, measured in
weeks, from the first day of the woman’s last menstrual period
(LMP) to the current date, which was confirmed by ultrasound.

Collection and analysis of blood samples
Venous blood samples were collected at the early gestation

from the cubital vein by vacuum tubes (Venoject VP-HO70K,
Terumo, Tokyo, Japan) in the morning, when the participants
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Fig. 1 Location of the research
sites and participants residency
places in Tehran map

Participants

Hospitals

Health Care Center +

were overnight fasting. Using a cool box with the cold chain
condition, collected blood were transferred to the TUMS
Central Laboratory Complex and stored in the deep-freezer
(—80 °C) before sending to Japan for blood metal measure-
ment. We have measured concentration of many toxic metals
for the current study. However, some of them were at unde-
tectable levels (up to 80% of samples, i.e., cobalt) or need
different measurement methods or devices (i.e., mercury).
Thus, only data for lead, cadmium, antimony, and nickel were
used for statistical analysis. For whole blood metals measure-
ment, the blood samples (0.1 ml) were put into a
perfluoroalkoxyteflon bottle, then 0.4 ml of concentrated ni-
tric acid (Ultrapure Grade, Tama Chemicals Co., Kawasaki,
Japan) was added and the samples left overnight. The sample
mixture was digested with 0.2 ml hydrogen peroxide
(Ultrapure Grade, Tama Chemicals Co., Kawasaki, Japan) in
a microwave oven (MLS-1200 MEGA, Milestone S.R.L.,
Bergamo, Italy) in five steps with power set at 250, 0, 250,
400 and 600 W for 5, 1, 5, 5, and 5 min, respectively; the
volume of the digested sample was then adjusted to 1.0 ml
with ultrapure water. After dilution with 0.5% nitric acid, the
metal concentrations were measured using an inductively
coupled plasma mass spectrometer (ICP-MS, Eran DRC-II,
PerkinElmer, Waltham, MA, USA) using an external multi-
element standard solution (XSTC-13SPEX CertiPrep. Inc.,
Metuchen, NJ, USA). The blood metal measurements were
repeated three times and the average was used for subsequent
analysis. For instrument calibration throughout the measure-
ments, at least 10% of the analyses were the external standard,
and 5% were blank (pure water).

Quality control and detection limits

We analyzed the quality control materials Seronorm Trace
Elements Whole Blood control in three levels (Sero,
Billingstad, Norway). The limit of detection (LOD) and the

limit of quantification (LOQ) were the concentration equiva-
lent to the signal of each element, which was equal to 3 and 10
times the standard deviation of 10 repeated measurements of
the blank signal.

Data analysis

Using the Student #-test, we examined differences in continu-
ous variables between women with SA and ongoing pregnan-
cies. For nominal variable comparison between the two
groups we employed Chi-square test and Fischer exact test,
when applicable. Pearson correlation coefficient was used to
study relationships among the blood metal levels and gesta-
tional age at the time of delivery. To examine whether prenatal
blood metal exposure is independently associated with the risk
of SA (as a dependent variable: SA = 1 and non-abortion = 0),
we performed multiple logistic regression analysis, estimating
odds ratios (OR) and 95% confidence intervals (CI), using the
enter method. The model was adjusted for potential sources of
confounders, including maternal age, parity, and a history of
previous abortion. Then, we added each metal to the model
separately. P-values less than 0.05 were considered to be sta-
tistically significant. The Statistical Package for Social
Sciences software (SPSS Inc. Chicago, Illinois, USA) was
utilized for all statistical analyses.

Results

Of the 206 recruited participants, two twin pregnancies were
excluded. Thirty-eight women’s data was excluded due to
technical problems of metal measurement and loss to follow-
up. Thus, 166 participants’ data was included in the statistical
analysis (25 abortions and 141 ongoing pregnancies).
Pregnant women’s characteristics and blood metal levels
showed in the Table 1.

@ Springer
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Table 1  Prenatal metal levels and women characteristics in all
participants (n = 166)

Continues variable mean+SD Range

Blood concentration of (pg/L)
Lead 49.6+66.77 5.17-709.82
Cadmium 0.51+0.52 0-3.76
Antimony 2.79+1.60 0.50-11.38
Nickel 96.57+220.65 1.27-2418.48
Age (y) 31.9+6.0 19-47
Weight (kg) 66.3+13.3 44-170
Height (cm) 161.2+11.3 120-179
Body mass index (kg/m?) 26.2+52 17.2-62.1
Red blood cell count (Million) 4.26+0.42 2.96-5.24
Categorical variables Frequency %

Primipara 85 51

Previous abortion 38 23

We compared participants’ characteristics and the blood met-
al levels between SA women and ongoing pregnancy groups.
Except for cadmium, all metal levels were higher in SA than
ongoing pregnancy (10.5 pug/L for lead, 0.22 pg/L for antimony,
and 40.1 pg/L for nickel), although, these concentration differ-
ences were not statistically significant (Table 2). Women with
SA were significantly older than control group (36.1 +6.4 vs
31.5+5.8 years, p < 0.05). Maternal anthropometrics character-
istics (weight, height, and BMI) were not significantly different
between SA and ongoing pregnancy groups (not shown data).
Primipara was more frequent in ongoing pregnancies than SA
(56% vs 29%, respectively, p < 0.05) (Table 2).

Pearson’s correlation coefficient showed significant posi-
tive correlations among prenatal blood metals levels, except
for nickel (Table 3). There was not a significant correlation
between gestational age at the time of delivery with metal
levels, in all subjects or separately for cases and controls
(not shown data).

Multiple logistic regression models, when adjusted for con-
founders and blood metals, showed a significant association
between maternal age and the risk of SA in all models
(Table 4). Among toxic metals only antimony had a noticeable
positive association with increased risk of SA, when adjusted for
confounders (OR: 1.65, 95% CI: 1.08-2.52, p value: 0.020).

Although, there is an air pollution variation and industrial
activities throughout the city, the present study failed to find a
significant difference in the risk of SA, maternal blood metals
levels, and other characteristics in the study’s participants
among the city regions (not shown data).

Discussion

The rate of SA (15%) in the present TEND cohort study was
close to Nybo Andersen et al. (2000) study in Denmark [13].
The results of univariate analysis revealed higher concentra-
tions of measured toxic metals (lead, antimony, and nickel) in
women with SA than ongoing pregnancies (not at the statisti-
cally significant level). The multiple variable analysis models
showed higher maternal age, in all model, correlated with SA
risk. This analysis showed that only antimony had a noticeable
correlation with increase the risk of SA.

Table 2 Compression continues
and categorical variables between
spontaneous abortion and
ongoing pregnancy groups Continues variable *
Blood concentration of (pg/L)

Lead

Cadmium

Antimony

Nickel

Age (y)

Weight (kg)

Height (cm)

Body mass index (kg/m?)

Red blood cell count (Million)
Categorical variables °
Primipara

Previous abortion

Spontaneous abortion Ongoing pregnancy p value
n=25 n=141

(mean+SD) (mean+SD)

55.43+54.3 44.97+45.6 0.307
0.51+0.5 0.51+0.5 0.957
2.89+14 2.67+1.6 0.529
131.45+156.8 91.32+241.2 0.485
36.1+6.4 31.5+£5.8 0.001
69.4+10.3 66.1+14.3 0.321
160.1£11.3 161.3+5.7 0.466
277459 26.1£5.3 0.241
4.31+0.35 4.25+0.42 0.594
Frequency (%) frequency (%)

7(29) 79 (56) 0.047
8(33) 29 (21) 0.180

NS none significant
 Student t-test

® Chi-square test
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Table 3  Pearson’s correlation coefficient (r) among blood metal
concentrations
Lead Cadmium  Antimony  Nickel

Lead r 1

p value
Cadmium r .249 1

pvalue <0.01
Antimony  r 316 405 1

pvalue <0.01 <00l
Nickel r .027 .034 114 1

pvalue 743 .683 165

Consistent with the present study, our previous study re-
sults showed no significant statistically relationship between
blood lead level and the risk of SA at relatively low levels
(<5 pg/dL) [28]. Similarly, two other studies have failed to
demonstrate significant difference between prenatal blood
lead concentrations [29] or lead level in fetal tissue content
[30] in aborting pregnancies and non-aborting pregnancies.
Although there are several studies reported inducing risk of
SA by increasing prenatal blood lead exposure [3, 18, 31-33],
almost all of these studies showed higher concentrations of
blood lead than the current study. Thus, as we expected, rela-
tionship between lead and the risk of abortion might be dose
dependent and detectable at higher level of exposure.

The present study did not find a significant relationship
between cadmium and the risk of SA. Similarly, a study ob-
served no evidence of relationship between cadmium expo-
sure and pregnancy loss [19]. On the other hand, cadmium is
known as an important toxic metal for human reproductive
system that may induce the risk of miscarriage at the average
concentration of 2.73 pg/L [3]. However, this level is several
times higher than obtained in the present study. Therefore,
cadmium, like lead, might induce adverse pregnancy out-
comes at relatively higher concentrations.

Although, prenatal blood nickel was higher in SA group
than non-SA, the correlation was not at significant level and
was not confirmed in multivariate analysis in the present
study. Similarly, Rzymski, et al. (2018) study filed to demon-
strate a significant correlation between nickel exposure and
miscarriage risk [3]. However, another study on pregnant
women who was occupationally exposure to nickel at early
stage of pregnancy has reported increased the risk of SA [34].
On the other word, the findings of present study and the pre-
vious ones do not exclude the possibility of the risk of nickel
for adverse pregnancy outcomes, especially at the relatively
higher dose.

Among other measured metals just antimony had a notice-
able correlation with the risk of SA in the logistic regression
analyses. A study has reported increasing risk of abortion by
using antimony compound (sodium antimony gluconate for
Kala azar treatment) during early to mid-pregnancy [26]. In
addition, Wang et al. study (2020) has reported two-times
higher serum antimony in women who had SA than non-
pregnant and non-SA women [21]. As there is not many re-
ports in the literature about this toxic metal and pregnancy
loss, the effect of antimony on abortion and it’s probably
mechanism should be investigated more in future studies.

In short, the pathophysiology and molecular mechanisms
of the effect of prenatal metal exposure on SA risk has not
been clearly understood. The effects may be direct on the
specific reproductive target organs. For example, nickel, co-
balt, and cadmium may cause reduction in the trophoblast area
and disturb aggregation of mononuclear trophoblastic cells to
multinucleated cells [35]. In addition, toxic metals can indi-
rectly induce pregnancy adverse effects through mechanisms
such as disruption of reproductive hormones pathways [36].
We know that the balance of these hormones is important for
abiding pregnancy, from the implantation of the blastocyst to
the onset of parturition. Animal studies have shown that dif-
ferent concentrations of metals can disrupt signals within and
between the hypothalamus and pituitary gland and can induce
hypothalamic pituitary axis imbalances [37, 38] Several

Table 4 Possible risk factors for

spontaneous abortion: results of Selected variable Odds ratio 95% Confidence interval p value
logistic regression analysis
Model 1* Age 1.194 1.052-1.354 0.006
Model 1+lead Age 1.212 1.059-1.389 0.005
Pb 1.008 0.998-1.019 0.130
Model 1 +cadmium Age 1.217 1.061-1.396 0.005
Cd 1.690 0.595-4.797 0.325
Model 1 +antimony Age 1.254 1.078-1.459 0.003
Sb 1.652 1.081-2.525 0.020
Model 1 +nickel Age 1.166 1.003-1.354 0.045
Ni 1.005 1.000-1.011 0.044

#Variables were selected by forward stepwise method: spontaneous abortion (=1) and non-abortion (= 0) as
dependent variable; maternal age, primipara, and previous abortion as independent variables
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previous studies have reported estrogen and progesterone se-
cretion rate influenced by metal exposure [38, 39]. Similarly,
toxic metals might also facilitate SA by other mechanisms,
such as producing reactive oxygen species in relatively higher
blood concentrations to damage target organs [40, 41].

The univariate analysis showed that women in SA group
were on average 6 years older than pregnancy group.
Although, it may simply relate to repeated abortions in SA
group, some of previous studies have reported increasing risk
of miscarriage with increased maternal age, especially after
age of 30-35 year [23, 42, 43]. Similarly, a case-control study
reported maternal age as an important factor contributing to
abortion [35]. Thus, higher maternal age may be an indepen-
dent risk factor for the occurrence SA. In addition, primipara
women had lower frequency of SA. This difference may be
induced by higher previous abortion (i.e., recurrent abortion)
in SA group than in ongoing pregnancy group (33% vs 21%,
respectively).

Although, we did not investigate the source of toxic metals
exposure in this study, exposure by air pollutants, contaminat-
ed foods and using contaminated skin care products could be
the probable source of their exposure, as none of the partici-
pants had known occupationally exposure to metals. Our
study results revealed a positive significant correlation be-
tween prenatal blood metal levels, except for nickel. This
may be due to common source of exposure to toxic metal in
the present study participants. Many of these metals are used
as a complex (alloy) in the related industries. On the other
hand, these metals may have synergistic effect in absorption
and/or distribution in organs [34, 44].

To promote a better understanding of heavy metals effects
on SA risk, although the current survey collected prenatal
blood samples as early as possible (gestational age 10 to
16 weeks), our survey failed to include earlier abortions. As,
the probability of SA decreases sharply after the 10th week of
gestation, the findings should be considered for the relation
between exposure to heavy metals and relatively late abortion.
Finally, the current study results were limited by lack of com-
prehensive information on some potential confounders, such
as reproductive hormonal imbalance, and genetic factors.

Conclusion

The present study’s participants were apparently healthy preg-
nant woman. We found non-significant higher concentrations
of heavy metals (lead, antimony, and nickel) in whole blood
sample sat the early pregnancy in SA group than non-abortion
women. Although the present study filed to find evidences to
prove the effects of toxic metals on the occurrence of SA at the
relatively low-level blood toxic metals, these metals should be
avoided in women who plan pregnancy and/or during the
early stages of gestation to decrease the probable risk of

@ Springer

pregnancy adverse effects due to the effects might be at sub-
clinical levels and difficult to detect.
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