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Abstract: The impact of exposure to lead on child neurodevelopment has been well established.
However, sex differences in vulnerability are still not fully explained. We aimed at evaluating
the effect of a low-level lead exposure, as measured between 20 to 24 weeks of pregnancy and
in cord blood, on developmental scores up to 24 months of age in 402 children from the Polish
Mother and Child Cohort (REPRO_PL). Additionally, sex-dependent susceptibility to lead at this
very early stage of psychomotor development was assessed. The blood lead levels were analyzed
using inductively coupled plasma mass spectrometry (ICP-MS). In order to estimate the children’s
neurodevelopment, the Bayley Scales of Infant and Toddler Development was applied. The geometric
mean (GM) for blood lead level during 20-24 weeks of pregnancy was 0.99 & 0.15 ug/dL and, in the
cord blood, it was 0.96 £ 0.16 ng/dL. There was no statistically significant impact of lead exposure
during prenatal period on the girls’ psychomotor abilities. Among the boys, we observed lower
scores for cognitive functions, along with increasing cord blood lead levels ( = —2.07; p = 0.04),
whereas the results for the language and motor abilities were not statistically significant (p > 0.05).
Our findings show that fetal exposure to very low lead levels might affect early cognitive domain,
with boys being more susceptible than girls. Education on health, higher public awareness, as well
as intervention programs, along with relevant regulations, are still needed to reduce risks for the
vulnerable population subgroups.

Keywords: sex differences; cord blood lead level; prenatal exposure; neurodevelopment; cognitive;
language and motor functions

1. Introduction

Harmful effects of lead, especially in children, are one of the biggest public health concerns
worldwide [1-6]. It is not under discussion that this metal can cross the blood—placenta and blood-brain
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barriers, resulting in neurodevelopmental toxicity during the prenatal period [7-9]. It also needs to be
emphasized that lead exposure has decreased significantly over the last decades. This is a consequence
of removing lead from gasoline and paints, and implementing occupational and environmental safety
measures [1-6]. As an example, the lead level in blood of pre-school children in the United States
dropped from 15 pg/dL, reported in the 1970s, to 1.9 ug/dL, at the beginning of this century. However,
there are still approximately half a million U.S. children aged 1-5 with blood lead levels above
5 nug/dL [1,10]. In Poland, in Legnica-Glogow Copper Mining District, the blood lead level in children
dropped from 10 pg/dL in 1991, to 4 pg/dL in 2009 [11,12]. According to data from the REPRO_PL
cohort, the mean lead level equaled 1.1 ug/dL in blood collected between 20 to 24 weeks of pregnancy,
and 1.0 ug/dL in the cord blood with none of the women having levels above 6.0 ug/dL [12,13].
Despite the decreasing level of this metal in the environment, exposure to low lead levels (blood lead
levels below 5 pug/dL) continues to be widespread in the general population.

Although the blood lead level of concern for neurodevelopmental toxicity in children decreased
from 60 png/dL in the 1960s to 10 pug/dL in 1991, and 5 pg/dL in 2012, epidemiological and experimental
data indicate neurological as well as neuropsychological effects, also, well below this level [1-6,10].
Furthermore, the induced neurodevelopmental impairment might persist into adulthood [14,15].

Much evidence demonstrates differences between sexes with regard to the patterns of exposure,
chemical absorption, characteristics of metabolism, and ability to detoxify [16,17]. Sexual hormones
influence sexually dimorphic development of the brain. Estrogen receptors are distributed and located
differently in males and females, which is associated with gender-specific neurotoxicity. Estrogens play
a crucial role in the regulation of neuronal structure and protection of brain against oxidative damage.
Also, the disrupting capability of thyroid homeostasis differs by gender, and thyroid hormone is the
one which is critical in terms of brain development [18].

Animal studies indicate that prenatal lead exposure produces more marked deficits in the male
sex [19]. In addition, most of the studies on humans have reported stronger harmful effects of lead
exposure in males than in females [18,20-24]. Nevertheless, there are some that indicate no difference
between the genders [25-27].

Still, one has to remember that the majority of the studies in this field have considered sex as one
of the confounders, rather than as an effect modifier, and this hampered any definitive conclusion on
possible sex differences in vulnerability to the neurodevelopmental impact of lead exposure [17].

Our goal was twofold: (i) to evaluate the effect of a low-level lead exposure as measured between
20 to 24 weeks of pregnancy, and in cord blood on developmental scores up to 24 months of age, in the
children from the Polish Mother and Child Cohort (REPRO_PL), and (ii) to assess sex-dependent
susceptibility to lead at this very early stage of psychomotor development.

2. Material and Methods

2.1. Design of the Study and Analyzed Population

Description of the REPRO_PL cohort, including study design, population, and analyzed variables,
has been published in other papers [28,29]. This prospective cohort was created in 2007 to evaluate
pre- and postnatal exposure to the factors related to the environment and lifestyle, and their impact on
outcomes of pregnancy, as well as health status and neurodevelopment of the children.

The women met with a midwife three times in pregnancy and after the delivery, in order to collect
questionnaire data, as well as biological samples. Twelve and 24 months after the delivery, the mothers
and their children participated in the second phase of the study covering child exposure, health status,
and neurodevelopment assessment [29].

Altogether, 539 children underwent an examination at least once within two years after their
birth. Two hundred and eighty samples of the blood, collected during the 2nd trimester of pregnancy,
and 303 cord blood samples, were randomly selected for the analysis (this constitutes 402 subjects with
at least one measurement (74.6% of the original sample)).
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The study obtained approval from the Ethical Committee of the Nofer Institute of Occupational
Medicine (NIOM), Lodz, Poland (No. 7/2007 and No. 3/2008). All of the study subjects provided their
written, informed consents.

2.2. Blood Lead Level Measurements

The blood samples were collected by venipuncture using S-Monovette with lithium heparin as
an anticoagulant, and frozen at —20 °C until the analysis. Blood lead levels were analyzed in two
laboratories: the Laboratory of Metal Analysis of the Nofer Institute of Occupational Medicine (NIOM)
in Lodz, Poland (N = 535) and the laboratory of Jozef Stefan Institute (JSI), Ljubljana, Slovenia (N = 48).
No significant differences between NIOM and JSI analyses were noted (p > 0.05).

The method used by NIOM (with the limit of detection of 0.16 ng/mL) has been described,
in detail, in our previous publications [12,13]. In JSI, the blood samples (300 uL) were first digested
by the addition of 500 pL of 65% nitric acid (Suprapur) using the microwave system (ULTRAWAVE,
MILESTONE Srl, Sorisole, Italy), followed by measurement of lead using the Triple Quadrupole
Inductively Coupled Plasma Mass Spectrometer (ICP-QQQ, Agilent 8800, Tokyo, Japan). The limit of
detection was 1.7 ng/g. Quality of the results was checked via the regular use of the reference material
Seronorm™ Whole Blood Level 1 (SERO, Billingstad, Norway) and participation in German External
Quality Assessment Scheme (G-EQUAS, Erlangen-Nuremberg, Germany).

2.3. Neurodevelopment Assessment

In order to estimate the children’s neurodevelopment (including language, cognitive, and motor
functions) at the age of one and two, the Bayley Scales of Infant and Toddler Development (Bayley 3rd
edition) was applied [13,30-32].

2.4. Covariates

A detailed description of the covariates has been published previously [32]. The following
variables were considered: parental age and educational level, socioeconomic (SES) and marital status,
sex of the child, complications during pregnancy, delivery type, week of pregnancy, and anthropometric
measures at birth, breastfeeding, number of kids at home, day care attendance, cotinine level in saliva,
and alcohol consumption during pregnancy, as well as child environmental tobacco smoke (ETS)
exposure after birth. All variables with p < 0.10 were included into the model.

2.5. Statistical Analysis

At first, for the purpose of the analyses, we calculated frequencies for qualitative variables and
means + SD for quantitative variables. Secondly, a correlation between 2nd trimester and cord
blood lead levels (both logl0 transformed) was computed by the Pearson correlation coefficient,
in the overall group of children, and in males and females, separately. Then, we conducted separate
analyses for the multivariate linear regression using cognitive, language, and motor developmental
scores as dependent variables, and 2nd trimester and cord blood lead levels as independent variables.
The regression models included covariates such as person who conducted child examination, age and
educational level of the mothers, child sex and age, and cotinine level in saliva collected during
pregnancy. Finally, based on the result of the previous analysis, separate analyses for the males and
females were performed. The 2nd trimester and cord blood lead levels, as well as the cotinine levels,
were log10 transformed, and all the quantitative variables (including log10-transformed blood lead
levels and cotinine) were standardized before the regression analysis. We calculated the variance
inflation factor (VIF) for each variable in each model, so as to verify multicollinearity presence among
the explanatory variables. The corresponding independent variables were excluded from the model
in the case of VIF values higher than 4. The Huber/White/sandwich estimator of variance was
applied to estimate standard errors of regression coefficients, in order to account for dependence
between observations coming from the subjects undergoing the Bayley assessment at both 12 and
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24 months of age. We reported regression coefficients, along with their 95% confidence interval and
a statistical significance level (p-value). Based on the number of measurements of blood lead levels,
at the 2nd trimester (300, 142 and 158, for all, males, and females, respectively) and/or on cord blood
(365, 190, and 175, for all, males, and females, respectively), our study could detect small size effects
of lead level (Cohen f2 < 0.056 in the total group of children, and in males and females, separately)
on cognitive, language, and motor domains, in a multiple regression analysis with a power equal
0.80 and a significance level equal 0.05. Finally, in order to verify if the effect of blood lead levels
on Bayley scores could be affected by the blood lead levels value, scatterplots of blood lead levels
vs Bayley scores were visually inspected, and the regression analyses of blood lead levels on Bayley
scores were repeated in the subgroups of children based on the quartiles of blood lead levels. SPSS
Statistics 25 (Statistical Package for Social Science) and STATA 8.1 software (StataCorp, College Station,
TX, USA) were applied for the purpose of the statistical analyses.

3. Results

3.1. Characteristic Features of the Mothers and Children

Characteristic features of the mothers and children were described, in detail, in our previous
publications, and are presented in the Supplementary Materials (Table S1) [13,30-32]. In short,
a significant part of the mothers had university education (70.1%), were married (77.1%), and belonged
to medium or high SES groups (91.1%).

Mean composite scores for language, cognitive, and motor functions represented an average or a
high-average level (Table 1). The lead level in the blood collected during the 2nd trimester of pregnancy
ranged from 0.29 to 2.63 ug/dL, with a geometric mean (GM) of 0.99 ng/dL (geometric standard
deviation (GSD) £ 0.15 pg/dL). For the cord blood, the range of lead level was 0.24-5.65 ng/dL,
with only one sample above 5 ug/dL (GM = 0.96 ug/dL; GSD =+ 0.16 ug/dL). There were no significant
differences in the mean lead levels in the blood between the girls and boys (p > 0.5).

Table 1. Characteristics of the exposure and outcomes variables.

Variables GM GSD Mean SD Median Min Max
Blood lead level in the 2nd trimester of pregnancy (ug/dL)
All subjects; N = 280 099 015 1.09 0.46 1.01 0.29 2.63
Males; N =130 * 1.01 0.15 1.10 0.45 1.07 0.34 2.59
Females; N = 150 0.97 0.16 1.07 0.47 0.98 0.29 2.63
Cord blood lead level (ug/dL)
All subjects; N = 303 096  0.16 1.09 065 093 024 565
Males; N = 155 ** 099  0.16 111 059 094 029 404
Females; N = 148 0.94 0.16 1.08 0.71 0.92 0.24 5.65
Composite score for the one-year-old children; N = 367
Cognitive - - 106.9  10.3 105 80 145
Language - - 108.6  13.6 109 68 141
Motor - - 105.4 13.9 107 73 151
Composite score for the two-year-old children; N = 233
Cognitive - - 112.6 16.3 110 80 145
Language - - 1021 128 100 74 144
Motor - - 112.0 144 110 73 154

Comparison between males and females * t-test p = 0.56; ** t-test p = 0.68. GM—geometric mean. GSD—geometric
standard deviation. SD—standard deviation.

3.2. Correlation between 2nd Trimester and Cord Blood Lead Levels and Association between Lead Level in the
Blood and Child Neurodevelopment

The correlation between the 2nd trimester and cord blood lead levels was low to moderate:
specifically, Pearson r was equal 0.37 (N = 181, p < 0.001), 0.44 (N = 90, p < 0.001), and 0.29 (N =91,
p < 0.005) in the overall group of children, and in males and females, respectively. Results of the
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multivariate linear regression analysis for the impact of selected sociodemographic, lifestyle variables,
and cord blood lead level on child development, are presented in the Supplementary Materials
(Tables S2 and S3). The regression analyses, evaluating the effect of cord blood lead level on cognitive,
language, and motor scores by excluding the subjects having a lead level greater than or equal
4.0 ng/dL and 3.0 pg/dL, are presented in Tables 54 and S5. There were no substantial differences
in the results with respect to the analysis performed on all the subjects. Generally, there was no
interaction for blood lead levels and sex; however, for cord blood lead levels and seXx, it was quite close
to significance (p = 0.1). The strong effect of sex in psychomotor domains justifies the separate analyses
for the males and females. The results of the multivariate analysis presenting sex differences in the
effects of lead exposure during prenatal period on child psychomotor abilities, are included in Table 2.
There was no statistically significant impact of prenatal lead exposure on the girls” psychomotor
development. However, for the boys, we observed lower scores for cognitive functions, along with
increasing cord blood lead levels (3 = —2.07; p = 0.04). For the language and motor abilities, the results
were not statistically significant (p > 0.05).

Visual inspection of scatterplots of blood lead levels (log10-transformed) vs Bayley scores did
not evidence any clear non-linear relationship between the variables. This was also supported by the
regression analyses performed separately in the subgroups of children based on quartiles of blood
lead levels. Indeed, the regression coefficients computed in the four subgroups were not significantly
different from zero for most of the combinations of blood lead level values by Bayley domain by age at
assessment, and their confidence intervals greatly overlapped across quartiles for most combinations
(Figures S1 and S2).

Table 2. The 2nd trimester and cord blood lead level and child psychomotor abilities.

Lead Level (ug/dL) Child Sex Cognitive Language Motor
95% CI P B 95% CI p B 95% CI p

. Females®  0.31 —2.00; 2.61 079 -1.24 -328;079 023 -—116 —3.26;094 027

2nd trimester of pregnancy
Males P 0.73 —1.19; 2.65 045 —048 —253;157 0.64 048 —1.55;2.52  0.64
Females©  0.34 —1.30; 1.98 068 —029 —223;165 077 048 —1.55;2.52  0.64

Cord blood

Males ¢ -207 —4.07;,-0.06 004 -043 -281;195 072 -0.70 -290;1.51 0.53

2 N subjects = 106, N observations = 158; b N subjects = 94, N observation = 142; ¢ N subjects = 114,
N observations = 175; 4 N subjects = 124, N observation = 190. Coefficients, 95% CI—95% confidence interval,
p-values; the 2nd trimester, cord blood lead levels, and cotinine levels during pregnancy were log10 transformed
and standardized.

4. Discussion

This prospective mother—child cohort study indicates that low-level lead exposure during the
prenatal period is negatively associated with cognitive scores within the first two years of life in
the male sex only. Although huge improvements have been made regarding exposure to lead in
the general population, our findings, together with existing research, underline that education on
health, higher public awareness, as well as intervention programs, along with relevant regulations, are
still needed.

As mentioned above, maternal blood lead levels correlate with fetal ones [33]. It is well known
that the increase in calcium requirements during pregnancy enhances Ca*™ bone turnover, with a
subsequent release into the bloodstream of lead stored in bones [18,24]. As evidenced in animal models,
lead easily crosses the blood-brain barrier and reaches the developing brain, interfering with synaptic
maturation and functioning of different mechanisms [34]. In our study, the geometric mean for blood
lead level during 20-24 weeks of pregnancy was 0.99 &+ 0.15 ug/dL, and in the cord blood it was
0.96 £ 0.16 ug/dL. Blood lead levels in the cord blood, consistent with our study, were reported in
Poland by Jedrychowski et al. (2009) (median 1.21 pg/dL; range 0.44—4.60 pg/dL) [21] and in Korea
by Joo et al. (2018) (geometric mean 0.90 £ 1.57 pg/dL) [18]. In the Avon Longitudinal Study of
Parents and Children (ALSPAC), the mean lead level in the blood collected in the 1st trimester of
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pregnancy was 3.67 & 1.46 (range 0.20-19.14) ug/dL, which was higher than that observed in our study
population [24]. In the earlier study by Dietrich et al. (1987), the arithmetic mean of lead concentration
in umbilical cord blood was 6.3 + 4.5 ug/dL [27]. The analyses performed previously on REPRO_PL
cohort indicated the following predictors of environmental lead exposure among pregnant women in
Poland: less years of education, older age, higher BMI before pregnancy, smoking status, as well as
smaller distance from the place of residence to the copper smelter (in a subpopulation of the study
sample who lived in the region where copper smelters were located) [12]. These factors need to be
considered when creating educational and interventional activities.

Our present results add to the large body of evidence showing that even in the case of very low
levels of exposure to lead during pregnancy, the maturation of cognitive capacities in the first years of
life is specifically impaired.

Most of the existing epidemiological studies have focused on the impact of postnatal lead
exposure on child neurodevelopment, and the impact of prenatal exposure on the outcome of
interest has been investigated to a lower extent [35]. Such studies differ in the design of the
study and participant’s characteristics (including the size of the study groups); timing of blood
collection (early, late pregnancy, cord blood) and exposure level; timing and analyzed domains
of child neurodevelopment; statistical methods applied; and confounding factors included in the
analysis [18,24]. However, altogether, the studies indicate a negative impact of lead exposure during
the prenatal period on child development, regardless of the level of exposure, and emphasize the
absence of a lower safety boundary [1,24].

Similarly to our results, a few other prospective studies, also including a prospective birth cohort
established in Poland, have found that the detrimental effects of prenatal low-level lead exposure are
more marked in boys than in girls [18,21,23,24,27].

Sex-dependent neurotoxic effects of metals, and of lead in particular, have been identified in a few
cohorts [17]. Dietrich et al. (1987) showed that boys of 3 and 6 months of age obtained worse results in
the Bayley mental developmental index, and there was a negative association between those results
and prenatal and neonatal blood lead levels. However, in that population, the mean lead level in the
cord blood was much higher (6.3 &= 4.5 pg/dL) than in the current study. Additional analyses have
demonstrated that those effects partly depended on a lower birth weight and pregnancy disturbances
related to lead [27]. A further observation in that cohort confirmed a significant interaction between
gender and lead exposure biomarkers in the participants when they were assessed at adolescence
(15-17 years old), with worse results of neuropsychological tests in males [23]. In an analysis of a
prospective cohort of 444 3-year-old children, the authors have shown that even a very low exposure
to lead during prenatal period results in a significant inverse association with mental development,
with lower cognitive abilities in boys than in girls [22]. In 457 36-month-old children, the same
researchers have found that prenatal lead exposure was inversely associated with the Bayley mental
development index in boys while, in girls, there was no significant effect [21]. In the study by Taylor
et al. (2017) in ALSPAC cohort, there was no association in the adjusted models between prenatal
blood lead levels and IQ results for 4- and 8-year-old children, in this same cohort the interaction
between gender and blood lead was not significant in 4-year olds, while it appeared to be of borderline
significance in 8-year-old children for verbal performance and total IQ score, and boys were more
susceptible [24]. Finally, the study by Joo et al. (2018) in a prospective cohort has confirmed that
late pregnancy lead levels are significantly related to behavioral disturbances assessed by the Child
Behavior Checklist in boys, while girls are more vulnerable to lead exposure after birth [18].

A large body of data shows that environmental cues, integrated with gonadal sex and varying
hormone levels during development, alter the network of molecular interactions, which eventually
results in sex-specific phenotypes, including sex dimorphism in cognitive functions in typical children.
Within such a dynamic framework, the reasons for sex-dependent vulnerability to developmental lead
exposure are far from clear. Recent studies have confirmed that effects of a low dose lead exposure on
associative end points are modulated by both sex and timing of exposure [36]. Animal experiments
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point to several potential mechanisms implicated, including sex dimorphism in gene expression
patterns in the developing brain [37], and sex-related differences in antioxidant defenses [38,39]
and neuroendocrine immune networks [40]. The protective role of estrogens on neural growth and
oxidative stress responses might, in part, explain the greater vulnerability of male sex to heavy metals
such as methylmercury and lead [41,42].

Increasing evidence points to sex differences in epigenetic mechanisms: DNA methylation
profiles in brain can be modified by hormonal influences [42-46]. A recent study by Singh et al. (2018)
found that rats exposed to different lead doses, during different developmental windows, displayed
significant alterations of methylation profiles in genes functionally relevant to brain development,
notably, the lead-induced changes of DNA methylation in the hippocampus were markedly
sex-dependent [47]. These findings are consistent with the result of a research performed in peripheral
blood samples from children of both sexes, where lead-associated changes in DNA methylation showed
a significant sex dimorphism [48]. The increasing number of studies showing that developmental
exposure to metals influences DNA methylation in exposed children supports the view that the
long-term effects of these agents might be mediated by epigenetic changes [49]. Recently, epigenetic
effects of prenatal lead exposure have been also demonstrated in children; however, there have been
no marked differences between the sexes—gender was treated as a confounding factor [50].

Strengths and weaknesses of the present study need to be mentioned. One of the advantages of
the current study is the study design (a population-based prospective birth cohort) and inclusion of
a variety of confounders, as well as the use of the Bayley test for neuropsychological assessment in
young children. Additionally, in the current analysis, we also considered timing of the exposure (2nd
trimester of pregnancy and cord blood) that may be critical in relation to developmental time points
and consequent adverse effects. Notwithstanding the similar exposure levels, effects are evident only
for cord blood lead exposure [18,24].

The major drawback of the study is the fact that there was no measurement of lead levels in
the blood collected from the children which, considering their young age (up to 2 years of life) was
not possible in the REPRO_PL cohort. Then, despite the fact that the analysis covered a variety of
covariates, we did not consider the quality of home environment, relationship between the mother
and her child, parental roles, or maternal IQ. In the case of most of these variables, SES and the level of
maternal education can be regarded a reliable proxy (confounding effect of maternal education, SES,
number of brothers and sisters, and day care attendance as surrogate were considered) [31]. In addition,
the possibility of selection bias has to be discussed. In that respect, it needs to be pointed out that
the study sample is representative of an urban population in Poland (with a significant proportion
of women indicating a high SES, university degree, and marital status). However, it cannot be
representative of rural or disadvantaged areas. As was mentioned above, the maternal educational level
(also as the proxy of SES) has been included in the regression model. Additionally, the analysis looking
at the lead level and scores evaluating cognitive, language, and motor functions in a low-medium vs
high SES was performed. There were no statistically significant differences between a low-medium
and high SES with respect to lead levels, either in the 2nd trimester of pregnancy or in the cord blood,
as well as cognitive, language, and motor abilities at 1 or 2 years of age (data not shown). Finally,
another minus of the study is associated with the lack of measurement/or inclusion of exposure to
neurotoxic elements, such as As, Cd, or Hg, which can act in synergy with lead or even counteract
its effects on neural development. The Shah-Kulkarni et al. study (2016) indicates that iron status in
pregnancy may play a significant part in modifying lead exposure effects on the fetus [20]. More studies
on potential confounding and /or modifying effects due to a mixed exposure to various neurotoxicants,
as well as protective factors, should be performed in the future [18,24].

5. Conclusions

Our findings show that fetal exposure to very low lead levels might affect the early cognitive
domain, with boys being far more susceptible than girls. There are plenty of epidemiological studies
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on human health risk assessment dealing with toxicological neurodevelopmental effects, but most
of them include sex as a confounding factor, rather than as an effect modifier. Vahter et al. (2007)
advised planning and designing environmental studies to include sex and gender-based analyses [51].
Higher public awareness of the prenatal life stage importance, education on health, as well as
intervention programs, along with relevant regulations, still have to be considerably enhanced, in order
to reduce risks for the vulnerable population subgroups.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/15/10/2263/
s1, Table S1. The child and parental characteristics; Table S2. Impact of selected sociodemographic, lifestyle
variables and 2nd trimester blood lead level on the child psychomotor development within the first two years of
life (N subjects = 200, N observations = 300); Table S3. Impact of selected sociodemographic, lifestyle variables,
and cord blood lead level on the child psychomotor development within the first two years of life (all subjects;
N subjects = 238, N observations = 365); Table S4. Impact of selected sociodemographic, lifestyle variables,
and cord blood lead level on the child psychomotor development within the first two years of life (excluding
subjects with cord blood lead level >4.0 pug/dL; N subjects = 235, N observations = 359); Table S5. Impact of
selected sociodemographic, lifestyle variables, and cord blood lead level on the child psychomotor development
within the first two years of life (excluding subjects with cord blood lead level >3.0 pug/dL; N subjects = 233,
N observations = 356); Figure S1. Scatterplots relating blood lead levels in the 2nd trimester of pregnancy and
in the cord blood to the Bayley cognitive, language, and motor scores at one and two years of age; Figure S2.
Point estimates and 95% confidence intervals of regression coefficients measuring the effect of blood lead level
(log10-transformed and standardized) on Bayley scores in the subgroups of children based on quartiles of blood
lead level.
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