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Abstract

Background: Limited data exist regarding child neurodevelopment in relation to maternal
occupational exposure to endocrine disrupting chemicals (EDCs).

Methods: We included 1,058 mother-child pairs from the /Nfancia y Medio Ambiente INMA)
project (2003-2008). Using a job-exposure matrix, exposure probability scores for ten EDC
groups were assigned to each mother based on her longest held job during pregnancy. At the
child’s 5-year visit, the McCarthy Scales of Children’s Abilities was administered, yielding the
general cognitive index and scales for specific cognitive domains. We analyzed region-specific
associations between EDC exposures and each outcome separately using adjusted linear regression
and combined region-specific effect estimates using random-effects meta-analyses.

Results: Approximately 39% of women were exposed to at least one EDC group, but exposure
to most individual EDC groups was low (<5%). Maternal organic solvent exposure was associated
with lower quantitative scores among children (=5.8 points, 95% confidence interval: —11.0, —0.5).
Though statistically non-significant, exposures to polycyclic aromatic hydrocarbons, phthalates,
alkylphenolic compounds, and miscellaneous chemicals were associated with poorer offspring
performance for most or all cognitive domains.

Conclusions: This study found limited evidence for a role of maternal occupational EDC
exposures on child cognition. Further research is needed to better characterize exposures among
pregnant workers.

Introduction

Endocrine disrupting chemicals (EDCs) are ubiquitous environmental contaminants and
pose a serious threat to human health, and exposures to EDCs that occur during sensitive
periods of development may increase the risk of disease later in life.1:2 Fetal brain
development is particularly vulnerable to EDC exposure, and changes in the brain that result
from Jin utero EDC exposure are likely irreversible and may manifest in early-life deficits

in cognitive function.l:3 Whether cognitive deficits are subclinical or present as clinically
recognized disorders, such as learning disabilities, impairments in mental abilities may

have significant negative implications for educational achievement, anti-social and criminal
behavior, and economic productivity.2

The workplace may be an important source of exposure to EDCs among some pregnant
women. In western countries, most women in the workforce are of reproductive age and
may continue working while pregnant.* Although exposure to many EDCs among the
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general population is widespread, women in certain professions may be exposed to higher
concentrations or come into more frequent contact with EDCs than the community at large,
thereby potentially leading to fetal exposure at levels above background concentrations.®
Exposure often occurs though handling of products in which EDCs are an ingredient;

for example, the handling of pesticides in gardening and horticultural trades, the use of
cosmetics—considered an exposure source for many chemicals—among beauticians and
related occupations, and the use of cleaning agents, such as solvents or disinfectants, among
industrial and domestic cleaners.®

While mounting evidence links prenatal exposure to EDCs in the general environment with
impairment in various aspects of childhood cognitive function,’”~11 less data exist regarding
childhood neurodevelopment in relation to maternal exposure to EDCs in occupational
settings. In a 2009 systematic review of literature examining workplace exposure to
chemicals among pregnant women and their children’s neurodevelopment, Julvez and
Granjean!? summarized fifteen studies, the majority of which reported delays in infant

or child neurodevelopment associated with maternal occupational chemical exposures. The
authors, however, highlighted important limitations of the literature overall: the classes

of chemicals assessed were limited to organic solvents and pesticides, most studies were
based on small samples (n > 100), and there was significant methodologic heterogeneity

in neurodevelopmental assessment regarding children’s ages and psychometric instrument
used. Studies published since have either investigated specific occupational groups, such
as hairdressers,13 or focused on pesticide exposure.14 Much of the evidence regarding
pesticides arose from a cohort of children in a farmworker community and suggests that
higher maternal levels of organophosphate metabolites during pregnancy is associated
impairments in children’s intelligence and attention.1>16 Yet a paucity of evidence remains
in regard to the diversity of endocrine-disrupting compounds to which pregnant workers may
be exposed.

Given the need for additional evidence, we applied a widely used job-exposure matrix
(JEM)17:18 to examine associations between maternal occupational exposure to multiple
EDC groups and child cognitive function at 5 years of age among a population-based
prospective birth cohort and hypothesized that children’s cognitive abilities would be
negatively associated with maternal work-related EDC exposure during pregnancy.

Study population

The present analysis uses data from the INMA Project (/Nfancia y Medio Ambiente,
Childhood and Environment), a population-based prospective birth cohort in Spain.19 The
current analysis includes women and their children from three INMA regions—Gipuzkoa,
Sabadell, and Valencia—where recruitment took place from 2003-2008 during women’s
first routine prenatal care visit at the main public hospital in their respective study region.
Women were recruited if they met the following eligibility criteria: =16 years of age,
singleton pregnancy, 0-13 weeks of gestation, non-assisted conception, intention to deliver
at the reference hospital, and no communication impairment. The study was approved by the
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ethics committees at the reference hospitals, and all women gave written informed consent
prior to enrollment.

Mother-child pairs were followed up at approximately 32 weeks of gestation, at birth, and
when the children were approximately 5 years of age. Of the women followed up at birth,
1,739 (86%) reported having paid employment during pregnancy, of which 1,519 had job
titles for which EDC exposure could be estimated. At age 5 years, 1,058 children completed
the cognitive assessment and were included in the present analysis (see study flowchart in
Figure 1).

Occupational EDC exposure

During the third trimester of pregnancy, trained interviewers administered a questionnaire
that ascertained details about mothers’ employment status and occupational history. Based
on mothers’ longest held job during pregnancy during the period of one month before
conception and up to approximately 32 weeks of pregnancy, a JEM was applied to estimate
occupational exposure to 10 EDC groups—polycyclic aromatic hydrocarbons (PAHS),
polychlorinated bisphenols (PCBs), pesticides, phthalates, organic solvents, bisphenol A
(BPA), alkylphenolic compounds, brominated flame retardants, metals, and miscellaneous
chemicals (i.e., benzophenones, parabens and siloxanes). The JEM—originally created by
Van Tongeren et al.20 and later updated by Brouwers et al.®*—was developed with experts in
occupational hygiene to assign exposure probability scores for 353 job titles. The exposure
probability scores reflect the likelihood that exposure levels exceed background levels in

the general population and are categorized into three levels: “unlikely” (unlikely to exceed
general background levels), “possible” (expected to occur among up to 10% of workers with
a given job title), or “probable” (expected to occur among >10% of workers with a given job
title). The JEM also included a fourth exposure category, “unclassifiable”, for job titles for
which an assignment could not be made.

Job titles of INMA participants’ longest held job during pregnancy were linked to
International Standard Classification of Occupations 1988 (1ISCO-88) codes. Because the
JEM was developed using the Standard Occupational Classification 2000 (SOC2000) coding
system,2! the JEM was first translated from SOC2000 to 1SCO88 codes using the CAMSIS
tool?2 and expert opinion.23 Then, exposure probability scores were assigned based on
mothers’ ISCO88 codes. Of the 1,739 women who reported working during pregnancy and
were followed up to birth, 220 (12.7%) had job codes for which exposure was assigned as
“unclassifiable.” Accounting for attrition up to the 5-year study visit, exposure probability
scores were available for 1,058 women. Because data in the “probable” category were
sparse (< 5%), we collapsed the “possible” and “probable” exposure categories to create

a dichotomous exposure variable for each EDC group. In addition, we created a metric

for exposure to multiple EDC groups with three categories: unlikely exposure to any EDC
group, possible or probable exposure to one EDC group, and possible or probable exposure
to > 2 EDC groups.
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Cognitive function

Covariates

At approximately 5 years of age, several domains of children’s cognitive function were
assessed using a standardized version of the McCarthy’s Scales of Children’s Abilities
(MSCA) adapted to the Spanish population?4 and previously demonstrated to have high
internal consistency (a-Cronbach > 0.65) among a subset of children in the INMA

study.?> The MSCA, consisting of 18 activity-based tasks, were administered by trained
psychologists following a strict protocol to reduce inter-observer variability. During testing,
the psychologists indicated any problems because of a child’s bad moods, tiredness, shyness,
etc. Such tests were designated as poor quality (n = 45).

The tasks were grouped into five primary scales: verbal, perceptual-performance (i.e.,
non-verbal), quantitative reasoning, memory, and motor skills. The first three scales are
mutually exclusive and include 15 of the 18 tasks. The general cognitive index, a measure

of overall cognitive function, is created by combining the verbal, perceptual-performance
and quantitative scales. In addition, a measure associated with executive function was
constructed using seven tasks critical to non-routine, goal-oriented situations performed by
the prefrontal cortex.2> All scales were standardized to a mean of 100 and standard deviation
(SD) of 15, with higher scores representing better cognitive or executive function.

To guide the selection of covariates in the model, we created a directed acyclic graph
(DAG) as a conceptual model for the association between occupational EDC exposures

and child neurocognitive development. Based on the DAG, we included child sex from
clinical records and the following variables from the first trimester questionnaire: maternal
age at conception (years), highest achieved educational level (up to primary, secondary, or
university), country of birth (Spain vs. other), and parity (0, 1, or = 2 previous pregnancies).
Also, using maternal height and self-reported weight information collecting during the first
trimester, pre-pregnancy body mass index (BMI; kg/m2) was calculated and classified as
underweight, normal weight, overweight or obese, and gestational weight gain was classified
as recommended, low or high following the Institute of Medicine (IOM) guidelines.26

In addition, the following third trimester questionnaire were included in our models as
well: maternal smoking (any active smoking during pregnancy, yes vs. no) and alcohol
consumption (at least one drink per week vs. fewer than one drink per week). We also
included a proxy of maternal verbal intelligence quotient (1Q), estimated at the child’s
5-year visit using the Similarities subtest of the Wechsler Adult Intelligence Scales-third
edition (WAIS-111).27

Statistical analysis

To account for potential selection bias due to attrition, we used inverse probability
weighting.28 Briefly, to calculate the probability of completing the outcome assessment

at the 5-year visit, we fit logistic regression models to data from participants present at
baseline from whom a JEM assignment could be made (n = 1,519). We then used the

inverse of these probabilities as weights in our main analysis so that the results would

be representative of the subset of the initial cohort with complete exposure information
during pregnancy. Additionally, for the 1,058 mother-child pairs with complete exposure and
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outcome information, we performed multiple imputation of missing covariate values using
chained equations, generating 25 complete datasets. The distributions of the imputed data
were similar to the observed data (data not shown).

We used linear regression models to evaluate the association between maternal occupational
EDC exposure and each MSCA score (i.e., general cognitive index, verbal, perceptual-
performance, quantitative, memory, motor, and executive function). To account for potential
heterogeneity between regions in the exposure-outcome association, we first analyzed
associations separately by each region. Then, we combined region-specific effect estimates
via random-effects meta-analysis. Because fetal sex determines the trajectory of fetal brain
development2® and possibly responses to /7 utero EDC exposure,30 we explored potential
differences in associations by stratifying analyses by child sex. Lastly, we performed a
sensitivity analysis in which we excluded poor-quality tests (n = 45). All statistical analyses
were performed using SAS 9.4 (Cary, NC). We considered associations with p-values < 0.05
as statistically significant.

The demographic characteristics of mothers and children in the study population are
described in Table 1. On average, mothers were approximately 31 years of age and 79%

had completed at least a secondary education. Most were born in Spain (93.8%) and had no
previous pregnancies (60.2%). The distribution of most covariates was similar across INMA
regions with a few important differences. On average, children in Valencia performed the
MSCA assessment at an older age (mean = 5.77 years) compared to children in Gipuzkoa
and Sabadell (mean = 4.46 and 4.47 years, respectively). In addition, there were more
mothers in Gipuzkoa with a university education (57.2%) compared to the other two regions
(Sabadell: 35.3% and Valencia: 31.5%).

Approximately 17% and 14% of women were possibly or probably exposed to organic
solvents and alkylphenolic compounds, respectively. For all other EDC groups, the potential
for exposure was less than 5% and extremely low (< 1%) for polychlorinated organic
compounds, bisphenol A and brominated flame retardants (see Table 2). Most women with
possible or probable exposure to two or more EDC groups (n = 266) were employed

as hairdressers (12.4%) or domestic cleaners (36.1%), with hairdressers accounting for a
significant proportion of women exposed to phthalates (68.8%), organic solvents (18.1%),
alkylphenolic compounds (21.7%), and miscellaneous chemicals (78.6%) and domestic
cleaners making up the majority of women with exposure to organic solvents (52.7%)

and alkylphenolic compounds (63.2%). Other common professions with EDC exposures
included waitresses (PAHS), assemblers of vehicles and metal goods (organic solvents), and
plastics process operatives (phthalates, organic solvents, alkylphenolic compounds, metals,
and miscellaneous chemicals).

We report unadjusted associations between maternal occupational EDC exposures and
children’s cognitive function in Supporting Information, Table S1. Compared to the
unadjusted results, the adjusted associations are attenuated (Table 3). Although mostly
statistically non-significant, we observed consistent negative associations between cognitive
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domains and exposure to PAHS, phthalates, organic solvents, alkylphenolic compounds
and miscellaneous chemicals (Table 3). For example, exposure to organic solvents was
associated with a 5.8-point decrease in quantitative reasoning scores (95% confidence
interval (Cl): —11.0, -0.5), and we found associations of similar magnitude and direction
between exposure to alkylphenolic compounds and quantitative reasoning (=5.6; 95% ClI:
-11.4,0.1). We observed unexpected positive associations between maternal occupational
pesticide exposure with verbal (9.3; 95% CI: -8.5, 27.2), quantitative (8.6; 95% CI: -16.6,
33.8) and memory domains (8.9; 95% CI: -5.1, 22.8) among children, although these
associations were imprecise. There were no clear differences in associations between boys
and girls (see Supporting Information, Table S2). Among children whose mothers were
exposed to any one EDC group during pregnancy, there was no clear pattern of associations.
Compared to children of mothers with no EDC exposure during pregnancy, children whose
mothers were exposed to any EDC group performed similarly, while those whose mothers
were exposed to two or more EDC groups scored lower on most MCSA domains (Table 3).

Excluding poor quality tests from the regression analyses did not change the overall pattern
of results, although associations of exposure to alkylphenolic compounds and organic
solvents with quantitative scales increased in magnitude, and positive effect estimates
associated with pesticide exposure were slightly attenuated (see Supporting Information,
Table S3).

Discussion

In this study, we examined the potential role of maternal JEM-based exposure to EDCs
during pregnancy and offspring cognitive function in early childhood. To our knowledge,
this study is the first to evaluate work-related exposure among pregnant women to certain
endocrine disrupting compounds—namely, PAHSs, phthalates, metals, and alkylphenolic
compounds—in relation to childhood cognition. Although most associations were not
statistically significant, the overall pattern of results suggests that maternal work-related
exposure to EDCs is associated with lower childhood scores in several cognitive domains.
We also observed a statistically significant relationship between organic solvent exposure
and lower quantitative reasoning scores.

Some epidemiologic evidence exists regarding workplace exposure to solvents among
pregnant women and their children’s neurodevelopment. Similar to our findings, previous
studies have found little evidence of an association with overall cognitive function. However,
in contrast with our findings, previous studies have observed impairments in verbal abilities
associated with maternal solvent exposure. For example, Till et al.31 and Laslo-Baker et
al.32 each conducted a small matched case-control study in Canada, in which children of
solvent-exposed mothers—identified via a health counseling program for pregnant women—
had poorer performance in language function and verbal memory, respectively, compared

to unexposed children. More recently, among mother-child pairs in a French birth cohort,
Costet et al.33 evaluated maternal urinary concentrations of glycol ethers and reported lower
verbal comprehension scores at 6 years of age among children whose mothers had high
urinary levels of glycol ether metabolites during pregnancy. Our results did not suggest
impairment in children’s verbal abilities, rather, we observed that maternal occupational
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solvent exposure was associated with lower quantitative reasoning abilities, which were not
specifically assessed in the previous literature.

Though we did not observe statistically significant association between JEM-estimated
maternal occupational exposure to alkylphenolic compounds and children’s quantitative
reasoning abilities at age 5 years, this result could be considered of borderline statistical
significance, although it is unclear whether signal may be due to confounding by co-
exposure to solvents. To our knowledge, our study is the first to examine work-related
exposure to alkylphenolic compounds among pregnant women and early child cognitive
function, and only one publication has examined maternal environmental sources of
exposure in relation to neurodevelopmental outcomes in children but did not find evidence
of an association.3* Our findings support the need for more research on the potential
neurodevelopmental impacts of occupational exposure to organic solvents and alkylphenolic
compounds during pregnancy.

In addition to alkylphenolic compounds, to our knowledge, our study is the first to report
on child cognition in relation to maternal occupational exposure to PAHs, phthalates,

and metals. Studies of environmental exposure to these compounds during pregnancy
have reported adverse effects on subsequent childhood cognitive function. For example,
studies investigating ambient PAH exposure among pregnant women report delays in
offspring intelligence that persist throughout childhood.19:35:3¢ Previous findings on
neurodevelopmental effects of phthalates, while inconsistent, provide concerning evidence
of cognitive impairments associated with environmental exposure during the prenatal
period.® Concerning metals, the prenatal period is a sensitive window of exposure for the
neurotoxic effect of lead and mercury and perhaps other heavy metals with endocrine
disrupting properties.8 In our study, we observed statistically non-significant negative
associations with maternal PAH and phthalate exposure, while contrary to our hypothesis,
we observed positive associations of maternal exposure to metals with various domains

of cognitive function. We also observed positive associations with maternal occupational
exposure to pesticides—which has been associated with adverse effects on child intelligence
in previous studies11214__although these results should be interpreted with caution given
the low exposure prevalence and imprecision of effect estimates. While our results are
largely statistically non-significant, taken together, they show a pattern of poorer cognitive
performance among children whose mothers were exposed during pregnancy to EDCs at
their workplaces. Given that the workplace may be an important source of exposure to
EDCs among certain occupational groups, more research is needed to further investigate
associations with child neurodevelopment.

Notably, a substantial proportion of women with exposure to two or more EDC groups
worked as hairdressers or barbers (12.4%) or domestic cleaners (31.6%), which is not
surprising given the documented exposure to various chemicals among these occupational
groups.37:38 Women employed as domestic cleaners accounted for 53% and 64% of

those classified as exposed to organic solvents and alkylphenolic compounds, respectively.
Among cleaners, cleaning products are the primary source of EDC exposure. For example,
alkylphenol ethoxylate is a surfactant commonly found as an ingredient in detergents and
all-purpose cleaners and has been shown to have adverse neurodevelopmental effects in
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rodents.3% Glycol ethers can be found as an active ingredient of heavy-duty surface cleaners.
These and other organic solvents are known neurotoxicants among adult workers, % and
toxicological studies and clinical case reports have demonstrated that high levels of exposure
to these compounds causes neurodevelopmental toxicity in exposed offspring, although the
potential neurodevelopmental harm at lower levels of exposure is less clear.12 Although the
specific mechanisms by which solvents and their metabolites may perturb brain development
are not well-understood, evidence from animal studies demonstrate that solvents can cross
the placental barrier and fetal blood-brain barrier and that neurobehavioral abnormalities
result from prenatal exposure, even at levels that cause no apparent maternal harm.41
Hairdressers have probable exposure to phthalates and parabens and possible exposure

to alkylphenolic compounds and organic solvents through the use of cosmetic products,
including dyes, sprays, and shampoos.® Phthalates, in particular, are common ingredients in
cosmetic products and may have negative impacts on the developing brain via disruptions in
thyroid hormone homeostasis.*2

Among women in our study population who worked as domestic cleaners or hairdressers,
fewer had educational attainment beyond secondary school (7.3% and 12.1%, respectively)
—a marker of lower socioeconomic status—compared to the overall study population
(22.5%). Also, a greater proportion of women who were employed as cleaners were born
outside of Spain (26%) compared to the overall population (6%). Given the potential for
increased social vulnerability and burden of chemical exposures among these occupational
groups, a direction for future work is to expand on previous research among these and
related occupations—which has examined chronic adult health conditions and adverse birth
outcomes3:3743__to consider the potential impact of chemical exposures during pregnancy
on developmental outcomes in their children.

Because most women who were classified as exposed to workplace chemicals had exposure
to more than one EDC group, we cannot fully disentangle the independent effect estimates
associated with each. We do, however, recognize that exposure to multiple chemicals more
accurately reflects the reality of workplace exposures. Unfortunately, our study was not
designed or powered to adequately examine the combined impact of multiple exposures. We
report associations of maternal exposure to multiple EDCs, which are in line with our overall
findings, such that children of women who were exposed to two or more EDC groups during
pregnancy displayed worse performance in each domain of the MCSA (apart from motor
skills).

The strengths of our study include the use of data from a prospective cohort study. Although
attrition occurred, we were able to minimize any resulting selection bias by employing
inverse probability weighting in our statistical analysis. Other advantages included the use
of a standardized, psychologist-administered neurodevelopmental assessment, minimizing
outcome misclassification, and detailed covariate information, allowing us to minimize
potential confounding. Nonetheless, our study is subject to exposure misclassification. The
JEM we applied assumes homogenous exposure for all members in each cell,** and thus,
we were unable to account for differences in job tasks and work environments among
individuals with the same job title. However, we expect exposure misclassification to be
non-differential with respect to the outcome and thus bias our findings toward the null.
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In addition, the design of the JEM prioritizes sensitivity in exposure probability scores

over specificity, thus it is likely that unexposed workers are misclassified as exposed,

which may lead to underestimation of effect estimates. Notwithstanding this limitation of
JEMs, they are still a valuable tool for exposure assessment in population-based studies

in which occupational information is typically limited to job histories and industry, and
may have superior performance compared self-reported exposure information.*® In addition,
although the JEM used in the present study can be refined to consider variations in exposure
scenarios across time periods and countries for some job titles, data informing the risk of
exposure within job titles and tasks, particularly for many of the prevalent job titles and
exposures among INMA study participants, are limited. Additional research is needed to
better characterize EDC exposure scenarios among specific occupations and tasks to further
improve the value of a JEM in estimating work-related EDC exposures in population-based
cohort studies. Other avenues for future work include the use of biomarkers of exposure

to validate the JEM used in our study and the application of the JEM to population-based
birth cohorts with larger study populations that are better powered to consider the combined
impact of multiple workplace EDC exposures.

Our study should be interpreted considering additional limitations. Women in this study
were likely exposed to EDCs through consumer goods and dietary sources, although we

do not expect exposure levels in the general population to confound associations observed
in this study, as it is unlikely that background concentrations of EDCs are associated with
exposure in any given occupation. We cannot, however, rule out confounding due to other
work-related chemical exposures not evaluated in the JEM. In addition, we did not consider
other factors that may influence child neurodevelopment, including maternal psychiatric
disorders, maternal gestational diabetes, or the postnatal diet of the child. However, we do
not have evidence to suggest these variables are associated with our JEM-based measures of
EDC exposure and thus do not expect unmeasured confounding due to these variables.
Lastly, we considered several domains of child cognitive function measured at age 5

years, but it is possible that child mental abilities at other ages are sensitive to maternal
occupational EDC exposure. Further research is warranted that consider other aspects of
neurodevelopmental function (e.g., behavior) at various developmental stages in relation to
maternal occupational EDC exposures.

In conclusion, we found only limited evidence of a role of maternal work-related exposure
to EDCs, estimated using a JEM, during pregnancy on early childhood cognitive function.
Our results suggest there may be an association between maternal organic solvents exposure
and child quantitative reasoning skills, although further investigation is needed to confirm
this finding. Our study also highlights the need to better characterize EDC exposures among
pregnant women working in certain occupations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Impact:

Using data from a prospective birth cohort, we help fill an important
research gap regarding the potential consequences of work-related exposure
to endocrine disrupting chemicals (EDCs) among pregnant women on child
neurodevelopment.

We expand on existing literature—largely limited to pesticide and organic
solvent exposures—by using a job exposure matrix to estimate exposure to
several EDC groups.

We found limited evidence of an association between maternal occupational
EDC exposure and children’s overall cognition.

We did observe specific associations between exposure to organic solvents
and lower quantitative reasoning scores.
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Pregnant women enrolled during 1% trimester

N=2,150 n =110 women excluded:
1 missing date of birth
> 60 miscarriages
3 fetal deaths
v 41 withdrew
Women who completed occupational 5 lost to follow-up
questionnaire at 32 gestational weeks
n=2,040
n =382 women excluded:
> 281 without paid employment
5 fetal deaths
v 15 withdrew
Mother-child pairs at birth
n=1,739
n =220 women with
» ‘unclassifiable’ EDC exposure
after job code linkage to JEM
n =461 children excluded:
8 died
> 251 withdrew
36 lost to follow-up
9 undetermined
v 157 did not complete MSCA
Children followed up at 5 years of age
n=1,058

Figure 1.
Study flowchart for INMA participants in the Gipuzkoa, Sabadell and Valencia regions,

2003-2008 (Spain)
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Distribution of maternal and child characteristics, INMA, 2003-2006 (N = 1,058)

Maternal and child characteristics

%

Child sex
Female
Male
Child age at assessment
Mean (SD)
Maternal age
Mean (SD)
Education
Primary
Secondary
University
Missing
Country of birth
Spain
Other
Missing
Pre-pregnancy BMI
Underweight (BMI<18.5 kg/m3)
Normal weight (18.5<BMI<25 kg/m?3)
Overweight (25<BMI<30 kg/m3)
Obese (BMI>30 kg/md)

Gestational weight gaina
Recommended
Low
High
Missing
Parity
0
1
22
Missing
Smoking during pregnancyb
No
Yes
Missing
Alcohol use during pregnancy
Less than one drink per week

At least one drink per week

Pediatr Res. Author manuscript; available in PMC 2023 April 01.

51.3
48.7

5.00 (0.66)

30.7 (3.95)

20.7
39.5
39.6
0.2

93.8
6.0
0.2

43
70.9
17.9

6.9

36.7

23.5

36.5
3.3

60.2
35.2
44
0.2

68.4
30.5
1.0

88.3
9.7

Table 1.
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Maternal and child characteristics %
Missing 2.0
Maternal IQC
Mean (SD) 10.2 (3.0)
Missing (%) 4.1

Note: SD, standard deviation; 1Q, intelligence quotient; Frequencies are reported as percentages (%) unless otherwise specified
a . . . . . . - -

Gestational weight gain classified according to Institute of Medicine (IOM) guidelines
b, . .

Self-reported maternal active smoking (yes/no) at 12 and/or 32 weeks of pregnancy

cEstimated using the Similarities subtest of the Wechsler Adult Intelligence Scales-third edition (WAIS-111)
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Table 2.

Prevalence of maternal occupational exposure to endocrine disrupting chemicals (EDCs) as estimated by a
job-exposure matrix developed by Brouwers et al.8, INMA, 2003-2008 (N = 1,058)

n (%)

Polycyclic aromatic hydrocarbons

Unlikely 1017 (96.1)

Possible 6 (0.6)

Probable 35(3.3)
Polychlorinated organic compounds

Unlikely 1055 (99.7)

Possible 3(0.3)

Probable 0(0.0)
Pesticides

Unlikely 1045 (98.8)

Possible 12(1.1)

Probable 1(0.1)
Phthalates

Unlikely 1010 (95.5)

Possible 3(0.3)

Probable 45 (4.3)
Organic Solvents

Unlikely 876 (82.8)

Possible 168 (15.9)

Probable 14 (1.3)
Bisphenol A

Unlikely 1049 (99.1)

Possible 9(0.9)

Probable 0(0.0)
Alkylphenolic compounds

Unlikely 906 (85.6)

Possible 152 (14.4)

Probable 0 (0.0)
Brominated flame retardants

Unlikely 1047 (99.0)

Possible 11 (1.0)

Probable 0(0.0)
Metals

Unlikely 1012 (95.7)

Possible 33(3.1)

Probable 13(1.2)
Miscellaneous?

Unlikely 1016 (96.0)
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n (%)
Possible 9(0.9)
Probable 33(3.1)

a .. . . .
Miscellaneous chemicals include benzophenones, parabens, and siloxanes
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