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Prenatal exposure to heavy metals such as Lead (Pb), arsenic (As), cadmium (Cd), and selenium (Se) is
associated with various adverse pregnancy outcomes. This study examines the association between
early pregnancy maternal blood levels of these metals and adverse pregnancy outcomes, while also
addressing the differences between low-risk and high-risk groups based on having a history of preterm
birth (PTB). This prospective cohort study recruited parous women during first trimester, categorized
into low-risk and high-risk groups. Participants completed a questionnaire, and heavy metal levels
were measured in blood samples. Pregnancy outcomes including PTB, low birth weight (LBW),
gestational age at delivery, birth weight and head circumference were recorded following delivery.
Multivariable analyses were conducted to evaluate the independent associations between heavy metal
levels and pregnancy outcomes, while adjusting for maternal age, BMI, employment, smoking, fertility
treatments and education. Among 404 participants, the mean (+ SD) levels were Pb: 3.12 +1.82 pg/L,
As: 0.41 + 0.4 pg/L, Cd: 0.26 + 0.34 pg/L, and Se: 119.84 + 21.05 pg/L. Significant differences in Pb, Se,
Cd and As levels were observed between the low-risk and high-risk groups, with higher levels in the
low-risk group. However, no significant associations were found between heavy metal levels and any of
the study outcomes in either univariable comparison or multivariable models. These findings highlight
the need for further research to understand the potential impact of these metals on pregnancy,
considering population-specific factors and exposure timing.

Human exposure to heavy metals, including Arsenic (As), Cadmium (Cd), Selenium (Se) and Lead (Pb) is
widespread, despite adverse effects of heavy metals on health that have been conclusively proved and reviewed!.
These metals can enter the human body in various ways such as food, contaminated water, air and soil2.

While exposure to certain levels of heavy metals may offer some benefits, excessive exposure can harm
the human body in multiple ways®. Heavy metals tend to accumulate in organs such as liver, heart, kidneys,
bones and brain*®. Once accumulated, they are used as substitutes for essential elements, causing disruption
to metabolic mechanisms and antioxidant imbalance, affecting hormones and causing change in carbohydrate,
proteins, and lipid metabolism, leaving the body susceptible to health complications®. Additionally, as free ions,
these metals can trigger the formation of reactive oxygen species, damage to DNA and impair DNA repair
mechanisms®. Consequently, metals can be carcinogenic, and have been associated with increased risk for breast,
prostate, skin, lung, and stomach cancers?.

The reproductive system is also affected by heavy metals exposure. Studies have shown that cadmium (Cd)
can mimic estrogen’s effects in the uterus and mammary glands’. By competing with estradiol, cadmium can
activate estrogen receptors, altering regulatory pathways and gene expression. This can lead to an increase in
uterine wet weight and early onset of puberty in females’.

Prenatal exposure to heavy metals has been associated with adverse pregnancy course and outcomes. Since
fetuses differ from adults in various biological aspects, they may be affected by even small amounts of heavy
metals, potentially at levels lower than those established by international guidelines®.

Both low and high levels of Pb in maternal blood measured in the third trimester have been linked to
increased risk of pregnancy hypertension®, and high level of Pb in cord blood has been associated with increased
risk for spontaneous abortion, miscarriage, intrauterine fetal death and preterm delivery (PTB)!®!!. Exposure to
As during the entire pregnancy has been associated with PTB, stillbirths and spontaneous abortions' High Cd
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and Pb in maternal blood measured close to delivery have been associated with low birthweight (LBW), birth
length and head circumference®.

In contrast, some heavy metals have a positive impact on pregnancy course and outcomes. Through its
incorporation into numerous selenoproteins, Se is involved in anti-oxidation, anti-inflammatory and anti-
apoptotic functions'®. Lower serum levels of Se at 12 gestational weeks were found among women who
experienced PTB'. In one study women were categorized as being at high or low risk for PTB, based on whether
or not they had a history of PTB. Among the High-risk population, Se levels below the median (< 83.3 ppm)
were 1.5 times more likely to be found among women with recurrent PTB, although this difference was not
statistically significant (RR 1.5, 95% CI 0.9-2.7)'°. Additionally, Se level below median at 20 gestational weeks
was 2.7 times more likely to be found among women with recurrent PTB (RR 2.7, 95% CI 1.5-4.8; p=0.01(1>. A
study comparing Se concentrations in women with and without severe pre-eclampsia found that Se levels were
significantly lower in maternal blood and cord blood of the pre-eclampsia group'®. Despite its role in antioxidant
defense and cellular protection, its specific impact on pregnancy outcomes, such as preterm birth (PTB) and low
birth weight (LBW), remains uncertain!*1617,

Early pregnancy, particularly the first trimester, is a critical window of fetal development, involving
organogenesis and rapid cell differentiation'®. Exposure to toxic metals during this phase can disrupt these
developmental processes and lead to adverse outcomes such as PTB, LBW which affect offspring long-term
health®. Recommended levels for these metals in blood are typically based on guidelines form the Centers for
Disease Control and Prevention (CDC) and the World Health Organization (WHO), which suggests that blood
Pb levels should be below 50 pg/L for pregnant women to minimize health risks'*?°. According to The American
College of Obstetricians and Gynaecologists (ACOG), Pb levels below 50 pg/L in maternal blood are considered
low risk, while levels exceeding 100 pg/L may require intervention?!. While there are no universally established
blood levels for As or Cd, specifically for pregnancy, it is generally advised to minimize exposure due to their
known toxicities. According to the National Institutes of Health (NIH), the normal range for Se serum level is
typically between 70 and 150 pg/L?%. During pregnancy, maintaining Se levels within the normal range is critical,
with a recommended dietary allowance of 60-70 pg/day?2.

Numerous studies have shown an association between various pregnancy outcomes and heavy metal
levels'"23. While some studies have specifically examined heavy metal exposure during the first trimester
of pregnancy, the majority of research has focused on metal levels measured in the third trimester or with
sample collection at different gestational weeks without a consistent approach or hypothesis regarding a certain
exposure window! 1824, This emphasis on later stages of pregnancy leaves a gap in understanding how exposure
during the most critical period of fetal development impacts pregnancy outcomes'®. In Israel, limited data exist
on the blood levels of heavy metals among pregnant women, particularly during the early stages of pregnancy,
despite ongoing monitoring of water and environmental quality?. By focusing in the first trimester, we seek to
determine whether early exposure to these metals is associated with increased risks of adverse outcomes.

Furthermore, ahistory of pregnancy complicationsis akeyrisk factor for recurrence in subsequent pregnancies.
Persistent environmental factors are believed to contribute to this recurrence!?°. This assumption is one of the
reasons for examining the impact of early pregnancy metal exposure in our study. While the association between
metal exposure and PTB has been extensively studied, little is known regarding the association between metal
exposure and recurrent PTB. The aim of the current study is to measure the association between early pregnancy
levels of Pb, Cd, As, Se and pregnancy outcomes, including PTB, recurrent PTB, newborn head circumference,
gestational week of delivery, LBW and birth weight, in a cohort of parous pregnant Jewish women residing in
the Negev region of Israel.

Materials and methods

Study design and setting

This study is a prospective cohort investigation involving parous pregnant Jewish women residing in the Negev
region of Israel, designed to evaluate the potential interaction between pre-existing risk factors, specifically a
history of PTB, and maternal blood levels of heavy metals. Participants were divided into two distinct groups:
women lacking a history of PTB, denoted as the low-risk group, and those with a history of PTB, denoted as
the high-risk group. By comparing metal levels between low-risk and high-risk groups, we aim to determine if
women with a history of PTB are more susceptible to adverse effects from metal exposure.

Based on primary assessment of metal levels, the required sample size was a total of 378 participants. The
inclusion criteria were: pregnant Jewish women who were at up to 13.5 gestational weeks, with a singleton
pregnancy, with or without a history of a spontaneous singleton PTB. Due to the significant genetic variation
across ethnicities, the study included only Jewish women. Solely singleton pregnancies were included in the
study (current, and the previous pregnancy if ended with PTB), as twin pregnancies are associated with a
significantly higher risk of PTB, which could confound the results. Exclusion criteria included known fetal
genetic or congenital anomalies in either the current or previous pregnancy.

Recruitment for the low-risk group took place at the nuchal translucency clinic at Soroka University Medical
Center (SUMC), where pregnant women typically undergo nuchal translucency ultrasound screening between
11 and 13.5 gestational weeks. These screenings are standard practice for all pregnant women and are covered
by national health insurance legislation through health maintenance organizations. High-risk participants were
recruited from both this clinic as well as other clinics across the Negev region. A comparison between participants
recruited from SUMC and other clinics showed no significant differences in demographic characteristics,
pregnancy outcomes, or heavy metal levels, except for a minor difference in mean Pb levels (pv=0.04). Each
participant completed a comprehensive questionnaire and provided a blood sample for the measurement of the
following heavy metal levels: Pb, Cd, As and Se.
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Metal concentration measurement

Blood metal concentrations (Pb, Cd, As and Se) were measured using Inductively Coupled Plasma Mass
Spectrometry (ICP-MS). After each clinic visit, serum samples were frozen at — 80 °C and stored. At the end
of each month, these samples were transferred to the National Public Health Laboratory in Abu Kabir for
analysis. Metal analysis was done using an Agilent 7800x ICP-MS instrument equipped with an Integrated
Sample Introducing System (ISIS) and High Matrix Introducing mode (HMI). The procedure involved matrix-
match dilution and direct injection to the ICP-MS instrument, followed by helium dilution in the HMI?. The
Method followed standard quality assurance and quality control procedures. Blood metals were quantified using
internal standard calibration procedure and certified analytical standards. Quality control was performed by
analysing aliquots of control materials (G-EQUAS) in each series (each ten samples) and accuracy was validated
by the annual successful participation in international proficiency test (G-EQUAS) for all parameters. Limits of
Quantification (LOQ) derived from methods validation were 0.1 pug/L for all metals.

Variables definitions

The definitions of several variables used in the analysis are as follows: PTB was defined as a birth occurring before
37 weeks of gestation, while LBW was defined as a birth weight below 2500 g. Parity, defined as the number of
previous births, was considered for all participants. All women included in this study had at least one prior birth.
The presence of private insurance served as an indicator of high socioeconomic status. Body mass index (BMI)
was categorized as follows: underweight: <18.5, normal: 18.5-24.99, overweight: 25-29.99, and obese: >29.99.

Statistical analysis

Initially, the frequencies of all variables were assessed and described using mean + SD for continuous variables
with a normal distribution, median and range for continuous variables not normally distributed, or frequencies
(n, %) for categorical variables. Continuous variables, such as maternal age and metal levels, were examined
for normal distribution. The normal distribution of heavy metal levels was tested using measures such as
mean, mode, standard deviation, skewness, and kurtosis. The levels of Cd and As displayed a positively skewed
distribution, and therefore a square root function was applied to achieve their normal distribution.

Univariable analyses, including T-tests, ANOVA, Mann-Whitney tests, and Spearman or Pearson correlation
coefficients was conducted to evaluate the association between background characteristics, dependent variables
(pregnancy outcomes), and independent variables (heavy metal levels). Heavy metal levels were compared
between women with and without a history of PTB using t-tests.

Findings with p-values < 0.1 were considered in multivariable analyses, to assess the independent association
between heavy metal levels and the studied outcomes. This included linear models for gestational age and birth
weight, and logistic models for PTB, recurrent PTB and LBW. The models adjusted for variables associated with
the metals levels based on the univariable analyses.

The levels of metals were also categorized into high vs. low, with high levels defined as those above the 75th
percentile or median, and the incidence of the studied outcomes compared between women with high and low
metals levels.

Results

A total of 404 women were initially enrolled in the study, comprising 194 classified as low-risk and 210 as high-
risk. Among these, 14 were excluded due to abortions or pregnancy terminations (7 from each group). An
additional 12 women from the low- risk group were excluded since they delivered outside of SUMC, resulting
in a final sample size of 378 women (203 high-risk and 175 low-risk). Furthermore, technical issues with metal
assays resulted in exclusion of: 42 samples for Pb, 14 samples for Se, 28 samples for Cd and 17 samples for As.

Table 1 presents the mean=+SD levels of the four metals by background and pregnancy characteristics.
Significant differences in Pb, Se, Cd and As levels were observed between the low-risk and high-risk groups
(PTB history), with higher levels among the low-risk group (Pb: 3.58 +2.02 pg/L vs. 2.7+ 1.49 ug/L, pv<0.001,
Se: 122.7 +22.25 pg/L vs. 117 +19.43 pg/L, pv=0.006, Cd: 0.5+0.26 ug/L vs. 0.36 +0.26 pg/L, pv<0.001, As:
0.62+0.31 pug/L vs. 0.51 +0.32, pv=0.001). Notably, variations in Cd levels were observed across different BMI
groups (pv < 0.001), although not in a linear fashion. Elevated levels of Pb and Cd were evident among smoking
mothers compared to non-smoking counterparts (Pb: 3.74+1.85 ug/L vs. 2.08+1.82 pg/L, pv=0.038; Cd:
0.78+0.33 ug/L vs. 0.39+0.22 ug/L, pv<0.001). Additionally, possessing private insurance, indicative of higher
socioeconomic status, was linked to lower Pb levels (3.1+1.8 ug/L vs. 4.06 +2.35 ug/L, pv=0.035). Moreover,
elevated levels of As were noted among employed mothers (0.57+0.33 pg/L vs. 0.48+0.26 pg/L, pv=0.042).
Variations in Se levels were noted by parity (pv=0.007); however, these differences did not follow a linear trend.
No significant associations were observed between other maternal characteristics and metal levels.

Characteristics of the study population by low and high risk for PTB are presented in Table 2. Participants
were 21-49 years old, with a mean age of 32.7 +4.56 years. Among them, 361 (89.6%) were non-smokers while
42 (10.4%) reported smoking. Additionally, 69 women (17.1%) were categorized as overweight and 135 (33.5%)
were classified as obese. Most pregnancies, (377, 93.3%), occurred spontaneously, while 27 (6.7%) were the result
of fertility treatments.

Serum levels of Pb and Se exhibited a normal distribution, with mean+SD values of 3.12+1.82 pg/L
(minimum: 0; maximum: 16.257) and 119.84+21.05 pg/L (minimum: 54.67; maximum: 241.39), respectively.
The mean+SD serum levels were 0.26 +0.34 ug/L (minimum: 0; maximum: 3.03) for Cd and 0.41+0.4 ug/L
(minimum: 0; maximum: 2.4) for As. Notably, As, Cd and Pb levels were below the limit of detection in 64
(15.3%), 67 (16%) and 5 (1.2%) women, respectively.

A history of PTB was associated with decreased levels of Pb, Cd, and As (pv<0.001 for all) as well as Se
(pv=0.006). Graphs 1-4 depict the mean metal levels by gestational week at recruitment, stratified into low-
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sqrt_Cd sqrt_As
mean + SD mean + SD
Maternal characteristics Pb mean + SD (ug/L) | P-value | Se mean + SD (ug/L) | P value | (ug/L) Pvalue | (ug/L) Pvalue
<8 333+2.15 119.61 +20.89 0.41+0.3 0.57+0.34
(n=79) (n=385) (n=282) (n=83)
311+1.72 119.08 +21.18 0.43+0.26 0.55+0.30
Age (years) 28-35 (n=195) 0.14 (n=208) 0.89 (n=202) 0.362 (n=208) 0.8
> 35 3.07+1.78 121.82+21.35 0.43+0.25 0.58+0.31
(n=92) (n=100) (n=96) (n=100)
Underweight 2.72+1.27 111.31+22.61 0.40+0.27 0.51+0.28
8 (n=21) (n=26) (n=25) (n=25)
Normal 3.19+1.66 120.47 +19.41 0.43+0.26 0.56+0.33
(n=152) (n=166) (n=160) (n=165)
BMI 0.06 0.6 <0.001 0.48
Overweight 3.28+2.49 126.15+24.577 0.41+0.24 0.61+0.32
g (n=67) (n=69) (n=68) (n=69)
Obese 3.09+1.71 117.58 +£20.26 0.43+0.29 0.61+0.32
(n=126) (n=132) (n=127) (n=132)
Ub to high school 3.46+2.24 120.67 +21.59 0.5+0.28 0.53+0.29
plohig (n=113) (n=121) (n=118) (n=120)
. 2.85+1.36 118.81+17.75 0.37+0.23 0.53+0.29
Education College (n=146) 0.025 (n=151) 0.72 (n=149) 0.001 (n=150) 0.3
Universit 322+1.87 120.47 +24.45 0.42+0.23 0.55+0.32
Y (n=107) (n=121) (n=113) (n=121)
No 4.06+2.35 119.08 +20.44 0.47+0.37 0.65+0.27
(n=17) (n=18) (n=18) (n=18)
Private insurance 0.035 0.87 0.45 0.25
Yes 3.1+1.8 119.93+21.2 0.42+0.26 0.56+0.33
(n=349) (n=375) (n=362) (n=50)373
No 3.58+2.02 122.7+22.25 0.5+0.26 0.62+0.31
(n=189) (n=201) (n=198) (n=198)
History of PTB <0.001 0.006 <0.001 0.001
Yes 2.7+1.49 117+19.43 0.36+0.26 0.51+0.32
(n=187) (n=203) (n=192) (n=203)
No 2.08+1.82 120.19+21.08 0.39+0.22 0.57+0.33
(n=329) (n=353) (n=341) (n=352)
Smoking 0.038 0.42 <0.001 0.57
Yes 3.74+1.85 117.32+21.73 0.78+0.33 0.53+0.31
(n=37) (n=40) (n=39) (n=39)
No 3.32+2.56 118.88 +18.42 0.49+0.38 0.48+0.26
(n=48) (n=51) (n=50) (n=51)
Employed 0.5 0.71 0.06 0.042
Yes 3.12+1.7 120.05+21.54 0.42+0.24 0.57+0.33
(n=318) (n=342) (n=330) (n=340)
2 2+2.01 120.54+19.99 0.44+0.29 0.58+0.31
(n=173) (n=186) (n=180) (n=184)
L 2.98+1.69 119.68 +£22.77 0.43+0.23 0.55+0.34
Gravidity 3-5 (n=159) 0.86 (n=173) 0.87 (n=165) 0.52 (n=172) 0.07
S5 2.8+1.19 118.84+19.49 0.37+0.25 0.57+0.33
(n=28) (n=29) (n=29) (n=29)
0 3.08+1.04 122.17+21.01 0.49+0.24 0.47+0.25
(n=9) (n=9) (n=9) (n=9)
. 3.1+191 119.74+20.18 0.44+0.27 0.57+0.32
Parity 1-2 (n=272) 0.64 (n=297) 0.007 (n=283) 0.933 (n=294) 0.544
2 3.23+1.61 120.85+24.79 0.40+0.27 0.59+0.34
(n=79) (n=282) (n=282) (n=282)
No 293+1.27 119.72+23.13 0.45+0.3 0.57+0.33
(n=30) (n=34) (n=32) (n=34)
Folic acid 0.5 0.96 0.56 091
Yes 3.17+1.88 119.91+20.98 0.42+0.26 0.56+0.32
(n=336) (n=359) (n=348) (n=357)
No 322+1.86 120.19+21.32 0.42+0.26 0.56+0.33
(n=340) (n=367) (n=354) (n=365)
Fertility treatments 0.012 0.31 0.89 0.69
Yes 2.28+1.11 115.78 +18.26 0.43+0.27 0.59+0.27
(n=26) (n=26) (n=26) (n=26)

Table 1. Mean + SD levels of the studied metals by background and pregnancy characteristics.

risk and high-risk groups. Notably, the levels of Pb were consistently higher in the low-risk group across all
gestational weeks, with mean+SD of 3.6+2.04 pg/L for the low-risk group and 2.88+1.88 pg/L for the high-risk
group (pv=0.008). Conversely, for Se, As and Cd, no specific pattern or consistent difference between the groups
was observed.
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Lowrisk | Highrisk | Total
Maternal characteristics N (% |[N |% [N |%
<28 48 | 24.7 | 40 19 88 |21.8
?y?é:\rs) 28-35 100 | 515 | 114 [543 |214 |53
>35 46 | 23.7 | 56 26.7 | 102 | 25.2
Underweight 10 |52 |17 |81 |27 |67
Normal 90 | 464 |82 392 | 172 | 42.7
BMI
Overweight 39 {201 |30 144 169 |17.1
Obese 55 | 284 |80 38.3 | 134 | 335
Up to high school | 59 |30.4 |69 |32.8 |128 |31.7
Education | College 65 |33.5 |88 |419 |153 |37.9
University 70 |36.1 |53 252 | 123 | 304
Private insurance 184 | 94.8 | 199 |95.2 |383 |95
Smoking 28 | 144 | 14 6.7 |42 |104
Employed 172 | 88.7 | 177 | 84.3 | 349 | 86.4
2 110 | 56.1 | 81 39.9 | 191 | 479
Gravidity | 3-5 83 423 |94 46.3 | 177 | 44.4
>5 3 15 |28 138 |31 |78
0 4 2 7 34 |11 |28
Parity 1-2 165 | 84.2 | 138 |68 303 | 75.9
>2 27 |13.8 |58 28.6 |85 |21.3
Folic acid 176 | 90.7 | 192 |91.9 | 368 | 91.3
Pregnancy characteristics and outcomes
Fertility treatments 7 36 |20 |95 |27 |67
HTN 3 15 |2 09 |5 1.2
GDM 15 |73 |23 10.8 |38 |9.1
Infant sex Female 78 | 42.8 | 86 47.3 | 164 | 45.6
Male 100 | 56.2 | 96 52.7 | 196 | 54.4
PTB 23 |13.1 |76 429 199 |28
LBW 4 23 | 819|181 |36 |10.2

Table 2. Population characteristics by low and high risk for PTB.
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Significant differences in heavy metal levels were observed between the low-risk and high-risk groups. For
example, 24.1% of women with a history of PTB had Pb levels in the highest tertile compared to 43.9% of women
without a history of PTB (pv<0.001). Similarly, 28.6% of women with a history of PTB had As levels in the
highest tertile compared to 39.4% without such a history (pv=0.001), and 27.1% of women with a history of PTB
had Cd levels in the highest tertile compared to 40.4% without a history (pv<0.001). However, no significant
associations were found between the metal level tertiles and PTB. For instance, 17.4% of women in the lowest
Pb tertile delivered preterm, compared to 13.2% in the middle tertile and 10.2% in the highest tertile (pv=0.36,
linear by linear association pv=0.16). Due to the small sample size, this was not tested separately among the
high and low risk groups.

Table 3 presents the mean + SD levels of the four metals by pregnancy outcomes, comparing the levels of the
studied metals between women with and without selected pregnancy complications. It is evident that maternal
levels of the metals were not associated with PTB or other pregnancy complications.

Based on the Pearson correlation analysis (presented in Table 4), the levels of the studied metals were not
correlated with either head circumference, gestational week, or birthweight. No strong correlation was observed
between the levels of the studied metals, with the strongest correlation noted between As and Se (r=0.357,
pv<0.001, results not presented).

Table 5 presents the results of multivariable analyses for the association between selected metals levels and
pregnancy outcomes. There was no significant association between sqrt_Cd, Pb levels and gestational week
at delivery (Beta=0.38, and 0.1; pv=0.73, 0.48, respectively). Similar results were found when analyses were
performed separately for the low-risk and high-risk groups. No significant association was found between sqrt_
As levels and birth weight (B=164.55, pv=0.13), and this remained consistent when stratified by risk group.

Discussion

In this cohort study, no association was observed between early pregnancy maternal blood levels of Pb, Cd, As
and Se, and PTB, LBW, gestational week at delivery, birth weight and head circumference. However, statistically
significant differences were observed between the high risk and low risk groups regarding Pb, Se and Cd levels,
with decreased levels noted in the high-risk group.

In contrast with our findings, previous studies have found associations between Pb, Cd and As and increased
incidence of PTB and other adverse birth outcomes'.

According to the ACOG, Pb levels below 50 pg/L are considered low and do not require special follow-up?..
Moreover, previous studies that have shown a relationship between Pb levels and adverse outcomes typically
reported higher Pb levels, often exceeding 17 pg/L, compared to the levels observed in our study, which were
notably lower, with a mean of 3.12 ug/L and a maximum of 16.257 ug/L. Interestingly, a study specifically
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sqrt_Cd sqrt_As
Pb mean + SD (ug/L) | Pvalue | Se mean + SD (pg/L) | Pvalue | mean+ SD (ug/L) | P value | mean+ SD (ug/L) | P value
No 3.14+1.83 119.87 +21.12 0.43+0.27 0.56+0.32
(n=373) (n=399) (n=386) (n=396)
HTN 0.69 0.77 0.5 0.4
Yes 3.56+0.77 118.12+18.83 0.34+0.21 0.44+0.25
(n=3) (n=5) (n=4) (n=5)
No 3.16+1.81 119.41+20.69 0.43+0.27 0.56+0.32
(n=340) (n=366) (n=353) (n=364)
GDM 0.51 0.21 0.49 0.38
Yes 2.95+1.97 123.93+24.21 0.46+0.25 0.61+0.36
(n=36) (n=38) (n=37) (n=37)
No 3.15+1.85 118.87+20.99 0.44+0.25 0.56+0.32
(n=281) (n=302) (n=289) (n=299)
PTB 0.54 0.24 0.27 0.51
Yes 2.67+1.99 122.78 +21.09 0.4+0.26 0.51+0.53
(n=45) (n=46) (n=45) (n=46)
No 3.14+1.86 119.01+21.34 0.43+0.26 0.56+0.32
(n=292) (n=313) (n=300) (n=310)
LBW (<2500gr) 0.91 0.372 0.63 0.13
YES 3.1+19 122.41+18.05 0.41+0.26 0.48+0.3
(n=33) (n=34) (n=33) (n=34)
Male 3.15+2.04 119.13+22.74 0.41+0.24 0.56+0.33
(n=180) (n=193) (n=185) (n=191)
Infant sex 0.74 0.9 0.09 0.8
Female 3.08+1.63 119.43+18.68 0.45+0.27 0.55+0.31
(n=153) (n=162) (n=156) (n=161)

Table 3. Maternal mean =+ SD levels of the studied metals by the pregnancy outcomes.

Pb Se Sqrt_Cd Sqrt_As

r Pvalue | r Pvalue | r Pvalue | r P value
dGeelit;tri;mal ekt ?}1121326) 0.07 (_n0;03743) 0.22 ?}1021334) 0.04 (()}102345) 0.44
Birth weight at delivery ?,'10216325) 0.78 (’nofgfﬂ 0.94 ?;102333) 0.69 ‘();'11=3 4 | 006
e 00 oy [0 T 00 o (00 o

Table 4. Pearson correlation coeflicient and p-value between pregnancy outcomes and maternal metals levels.

examining the association between low Pb levels and PTB in a population with low Pb exposure did not find a
statistically significant relationship?®. That study measured RBC Pb levels, which are approximately three times
higher than whole blood levels (which were measured in the current study), with a mean 12 ug/L and a range of
range 0-50 pg/L.

Regarding As, the majority of studies have examined the association between birth outcomes and As levels
in drinking and ground water rather than in maternal blood. These studies have predominantly been conducted
in developing countries!'!. Two studies conducted in Bangladesh revealed a significantly increased rate of PTB
among women residing in regions with elevated As exposure!>%. Since As undergoes metabolism and excretion
through urine, the concentration of As in water does not accurately reflect its concentration in the blood,
therefore results of previous studies cannot be compared to our findings!!. A study that measured As levels in
maternal blood at multiple time points during pregnancy found no correlation between levels of As in maternal
blood in the 1st trimester and birth outcomes, and later pregnancy levels only were associated with increased
SGA risk. This suggests that As levels during early gestation, as tested in the current study, may not be relevant
for SGA and possibly other pregnancy outcomes. It should be noted that the mean As level was 0.85 pg/L, with
levels above 6.68 pg/L defined as high levels (75th percentile)?®, while in our study As levels were lower, with a
mean of 0.41 pg/L and a maximum of 2.4 pg/L.

Several studies have identified associations between maternal blood Cd levels and birth outcomes!!. One
study conducted in a Chinese population revealed an association between Cd exposure and moderate and late
PTB (32 to < 34 weeks and 34 to < 37 weeks, respectively). No significant association was found with early PTBs
among subjects who exhibited similar Cd concentrations to those in our study*®’. Moreover, a large cohort study
comprising data from over 14,000 women assessed maternal blood Cd levels during pregnancy and stratified
the results into quartiles. Cd levels in the fourth quartile (levels > 0.95 pg/L ) demonstrated an association with
increased risk for early PTB (22-34 weeks)!”. In our study, Cd mean levels were 0.26 pg/L, with a maximum
of 3.03 ug/L, indicating relatively low levels. The relatively low Cd levels observed in our study, as well as their
findings regarding early PTB only, may explain the differences between results from previous and the current
study.

Several studies have indicated an association between low maternal blood Se levels and adverse birth
outcomes. According to the NIH, the normal range for Se serum level is typically between 70 and 150 pg/L?. In
our study, the mean Se levels were 119.84 pg/L, with a minimum of 54.67 ug/L. A case-control study conducted
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All groups
Group variable | B ‘ 95% CI ‘ P-value

Multivariable linear model for the association
between early pregnancy Cd levels and gestational
age (n=334)

Sqrt_Cd* [o38 [-181258 [073

Multivariable linear model for the association
between early pregnancy Pb levels and gestational

age (n=326)

Pb** 01 |-017,037 ]o048
Fertility Z061 |-257,135 | 054
treatments

BMI Z0.12 |-062,039 | 065

Multivariable linear model for the association
between early pregnancy As levels and birthweight
(n=344)

Sqri_As** ‘ 164.55 ‘ 2605.3, 3627.9 ‘ 0.13

Table 5. Results of multivariable analyses for the association between selected early pregnancy metals and
pregnancy outcomes. *Adjusted for maternal age, employment, smoking, education and BMI. ** Adjusted for
maternal age, employment, smoking, fertility treatments, education and BMI. ***Adjusted for maternal age
and employment.

in Turkey demonstrated that Se levels among women who experienced PTB were significantly lower compared
to women who delivered at term. For women who delivered at term, the mean Se levels were 78.98 pg/L, ranging
from 72.36 to 84.14 pg/L, whereas for those who delivered preterm, the mean levels were 65.36 ug/L, ranging
from 54.68 to 75.65 pg/L3!. These levels were measured at birth. Another study assessing levels at 12 gestational
weeks showed a similar association: among the group who delivered preterm, the mean Se levels were 19.87 ug/L,
compared to 21.12 pg/L among the group who delivered at term!“. Therefore, despite the mean Se levels in our
study being slightly below the normal range, they are still relatively high compared to the levels reported in
studies that have shown an association between low levels and PTB.

We identified only one study that conducted a stratification similar to ours, dividing women into low and
high-risk groups based on having a history of PTB!>. This study revealed that women with recurrent PTB were
more likely to have Se levels below the median at 20 gestational weeks (RR 2.7, 95% CI 1.5-4.8, pv=0.001). This
highlights the potential importance of stratifying risk groups when assessing the impact of heavy metals on
pregnancy outcomes.

The discrepancy between our findings and most previous studies regarding the association between
maternal blood Pb, As and Se levels and PTB may be attributed to several factors. First, the range of Pb, As
and Cd concentrations observed in our study differs from those in previous research, with notably lower (or
higher, regarding Se) levels detected. These differences could be attributed to population-specific factors and
occupational exposure, which influence heavy metal exposure and its effects on pregnancy outcomes.

Higher metal levels in women without a history of PTB were found in the current study, which is in contrast
with most previous studies. However, a cross-sectional study from Indonesia also reports lower Pb levels in
maternal serum among women who had PTB, which is consistent with our study®. Intriguingly, the same
study found higher Pb levels in the placenta of women with PTB, aligning with the more commonly reported
association of elevated Pb levels and adverse pregnancy outcomes. The discrepancy between maternal blood and
placental Pb levels highlights the complexity of Pb’s transfer from maternal circulation to the placenta and its
potential impact on fetal development. These findings suggest that Pb’s effects on pregnancy outcomes may be
influenced by multiple factors, including timing of exposure and mechanism regulating placental transfer. This
discrepancy indicates that Pb’s impact on fetal development and pregnancy outcomes might differ depending on
its distribution between maternal blood and the placenta.

The underlying reasons for the observed differences in metal levels between women with and without a
history of PTB, and the absence of a significant correlation with PTB in the index pregnancy, remain uncertain.
Potential factors could include variations in nutritional intake or heightened awareness and preventive behaviors
among women in the high-risk group due to their previous pregnancy complications. Further research is
warranted to explore these differences and their potential implications.

This study has several limitations that should be acknowledged. First, the study exclusively focuses on
Jewish women, which may restrict the generalizability of the findings to the broader population of the Negev
region, particularly the significant Bedouin population. The selection of Jewish women only was to minimize
heterogenicity, which will enable addressing genetic factors in future studies in this population. Additionally,
the enrollment of participants during the 11-13.5 gestational week precludes the investigation of the association
between heavy metal levels and early pregnancy loss. Still, this study was able to address many pregnancy
outcomes among pregnancies which survived until at least the end of first trimester. Furthermore, the reliance
on a single measurement of heavy metal levels during pregnancy raises concerns about its representativeness of
chronic exposure levels for both the mother and the fetus. Nonetheless, this is the common approach in most
studies'!.
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Notwithstanding its limitations, this study boasts several strengths that enhance its scientific value. First, the
standardized timing of measurements during first trimester ensures consistency across participants, facilitating
accurate comparisons of heavy metal levels. Furthermore, the inclusion of both a low-risk group and a high-
risk group in our study design is instrumental in providing a comprehensive understanding of the associations
between heavy metal exposure and pregnancy outcomes. Stratifying participants into these risk categories based
on their obstetric history enabled exploring potential differences in metal levels and their impacts on pregnancy
among women at varied risk profiles.

This study contributes to our understanding of the potential consequences of heavy metal exposure during
early pregnancy on the risk for adverse pregnancy outcomes, and specifically exposure to low levels. Future
studies are recommended to also include diverse populations and additional pregnancy outcomes, besides
the identification of high-risk populations, and implementing targeted interventions. Considering the well-
documented adverse effects of elevated heavy metal levels, further exploration of the possible effect on pregnancy
outcomes is warranted, although our study did not reveal such associations. Still, based on previous findings,
caution should be taken regarding exposure to high levels of certain metals, particularly in the later stages of
pregnancy.

Data availability
Data will be made available by contacting the corresponding author and following IRB approval.
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