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lll. ABSTRACT AND KEYWORDS

ABSTRACT — words 244 (Max 250)

Background: Accumulating evidence suggests that in utero exposures can
influence the development of the immune system and thus contribute to disease
development. Studies investigating the association between prenatal exposures to
heavy metals and atopic diseases, however, are scarce.

Methods: Children from the EDEN birth-cohort were prospectively followed-up using
parental questionnaires with validated questions on asthma, allergic rhinitis, eczema
and food allergy symptoms. The questionnaires were administered every 4 months
during the children’s first year, and then every year until the age of 5, with a final
survey at the age of 8. Serum concentrations of lead (Pb), cadmium (Cd) and
manganese (Mn) were assessed in maternal blood samples collected during mid-
pregnancy and in cord blood of 651 mother-children pairs. Hazard ratios (HR) for
the incidence of each atopic disease in relation to the exposure to metals were
calculated using Cox proportional-hazard models.

Results: Levels of Cd in cord blood were associated with greater risk of asthma
(hazard ratio [95% confidence interval] for upper vs. lower quartile: 1.81
[1.00-3.29]), eczema 1.60 [1.09-2.35]), and food allergy (3.17 [1.36-7.38]), while Mn
levels in maternal serum were associated with eczema (1.55 [1.05-2.28]). These
associations were similar in males and females and were confirmed using log-
concentrations of metals as exposures.

Conclusions: Our results support the hypothesis that foetal exposure to heavy
metals may affect the development of asthma, eczema and food allergy in
childhood, and suggest that timing of exposure in utero may have a role in these

associations.



Keywords: asthma, atopic dermatitis, eczema, in utero exposure, food allergy,

allergy, cadmium, lead, manganese

Key message: The effects of prenatal exposures to heavy metals on allergic
diseases are largely unknown. Using a prospective data from the EDEN birth cohort,
we showed that high cord-blood levels of cadmium are associated with greater risks
of developing asthma, eczema and food allergy, whilst high concentrations of
manganese in maternal mid-pregnancy blood are associated with a greater risk of

eczema.



IV. MAIN TEXT

INTRODUCTION

An increasing body of evidence is underlining the critical role of early life conditions
in the etiology of several childhood and adult chronic diseases, substantiating the
Developmental Origins of Health and Disease (DOHaD) paradigm.[1]

The fetus is especially vulnerable to the effects of environmental stressors and
agents that may disrupt developmental processes, affect fetal growth, and influence
different aspects of the children health, including neurodevelopment, childhood
growth and obesity, respiratory and immune health.[2]

Recent epidemiological studies have shown that in utero exposures, such as
maternal smoking, air pollution, biological infections and antibiotics, alcohol, and
even maternal psychological stress, were linked with greater risk of developing
asthma and other allergic diseases in childhood,[3-7] possibly by altering the early
development of the immune system.[8]

Heavy metals are natural elements that can have both beneficial and adverse
effects on health. Some induce toxic effects at low levels of exposures. Main
sources of heavy metals include contaminated food and drinking water, and
tobacco smoking.[9] Metals absorbed in maternal blood stream can be then
differentially transferred through the placenta to the fetus.[10,11]

Early-life exposure to heavy metals has previously been associated to several
adverse health outcomes in childhood, including reduced fetal growth and
prematurity, as well as neurodevelopmental and metabolic problems.[2] The

literature on the effects of heavy metals on atopic diseases in childhood, however, is



extremely scarce, and only few associations between fetal exposure to selected
heavy metals and some allergic diseases have been investigated.[12-16]

In this work we used the data collected in the prospective mother-child cohort EDEN
to investigate whether there is evidence of associations between the fetal exposure
to lead (Pb), cadmium (Cd), and manganese (Mn), collected in maternal blood
during mid-pregnancy and in cord blood at delivery, with the risk of developing four
of the most common allergic diseases in childhood, namely asthma, allergic rhinitis,

eczema and food allergy.



METHODS

Study population and data collection

EDEN is a mother-child prospective birth cohort study set up with the objective of
investigating the relations between prenatal and early life exposures and the child
health and development. Between 2003 and 2006, the study enrolled 2,002 women
in their early pregnancy in two university maternity clinics in the French towns of
Nancy and Poitiers. Between the 24t and 28th gestational week, the expecting
mothers underwent clinical examinations and interviews on their life style and health,
[17] Detailed information on the pregnancy, birth and newborn characteristics were
obtained through the use of standardized questionnaires and from obstetric records.
The children were followed up for 8 years using standardized parental-administered
questionnaires regarding the children’s health and their growth environment. The
follow-up questionnaires were administered every 4 months during the children’s first
year, and then every year until the age of 5, with a final survey at the age of 8.

The study was approved by the relevant ethical committees and written consent was
obtained from all mothers.

Measurements of Pb, Cd, and Mn in blood samples

Blood samples were drawn from mothers in their mid-pregnancy pregnancy
(between the 24th and 28t gestational weeks) and from the umbilical cord at
delivery, and stored following standardized procedures. Blood concentrations of
lead (Pb), cadmium (Cd) and manganese (Mn) were measured by electrothermal
atomic-absorption spectrometry (model 4100 ZL; Perkin-EImer, Courtaboeuf,
France) with Zeeman background correction, as previously described.[18] The

instrument had a resolution of 0.1 pg/L and an accuracy within 3%. Only the first half


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/spectroscopy

of mother-child pairs chronologically enrolled in EDEN were selected for the metal
dosage protocol.

Outcome definitions

The questions for the identification of cases of asthma, rhinitis, eczema and food
allergy were derived by the International Study on Asthma and Allergies in
Childhood (ISAAC) questionnaire.[19] Based on the answers reported by the
parents on the follow-up questionnaires, the children were considered to have had:

* Asthma, if the child was reported to have had an asthma attack in at least one
questionnaire;

* Allergic rhinitis, if the child had sneezing, runny or stuffy nose when he/she
had no respiratory infection (no colds, nasopharyngitis, flu, ...) AND these
problems were accompanied by tearing or itchy eyes;

* Eczema, if the child had an itchy rash (red patches, pimples, ...) on the skin
which was coming and going and affecting the folds of the elbows, behind
the knees, in front of the ankles, under the buttocks, around the neck, or
around the eyes or ears;

* Food allergy, if the child had any exaggerated reaction (swelling of the lips,
face, gastrointestinal problems) after consuming a food.

tatistical anal
The characteristics of the children were summarized with percentage, mean =+
standard deviation or median with interquartile range, according to the distribution
of the variables. Differences between groups were assessed by Pearson’s X2,

Student’s T or Wilcoxon’s rank-sum tests, as appropriate.



To reduce the skewness of their distribution, metal concentrations were log-2
transformed. The correlations between metal levels in mid-pregnancy and cord
blood samples were estimated using Pearson’s pairwise correlations.

The associations between maternal and cord metal concentrations and the
incidence rates of each of the four allergic outcomes (asthma, allergic rhinitis,
eczema and food allergy) were estimated by hazard ratios (HR) with 95%
confidence intervals (95%CI), using Cox regression models after testing the
proportional hazards assumptions; metal exposures were included either as a
continuous variable (log2-transformed) or as categorical variables using quartiles of
the distribution, adjusting for potential confounders (described in Text E1).
Interaction terms with sex and age of onset were included in the Cox models to test
if foetal exposures to heavy metals had different effects in males and in females or at
different ages i.e. infancy (0-3 years] vs. early childhood (3-8 years]. Moreover, as
Cd levels are strongly correlated with smoking,[20] we also tested the interactions
between maternal smoking and Cd in maternal/cord blood on the incidence of
atopic diseases.

The statistical analyses were performed with STATA 15.
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RESULTS

Characteristics of the cohort sample.

The selection of the study population within the EDEN cohort is shown in the flow-
chart in Figure 1. Their characteristics are shown in the Table E1. Overall, the
sample included 339 males (52%) and 312 females (48%); about 80% of the
children included have been surveyed at the age of 5, and nearly 60% were
surveyed at the age of 8. About 98% of the mothers were born in Europe, as well as
94% of maternal grandparents.

Concentrations of heavy metals in sera from mid-pregnancy maternal blood

and cord blood.

The distribution of Pb, Cd, and Mn concentrations in samples obtained from
maternal mid-pregnancy blood and cord blood is shown in Table 1 and in Figure E1.
Average concentrations of Pb and Cd are 24% and 37% lower, respectively, in cord
blood than in mid-pregnancy maternal blood; the concentrations of Mn,
contrariwise, are 3-fold greater in cord blood. There was a weak-to-moderate
correlation between the concentrations of metals measured in maternal mid-
pregnancy and cord blood samples (Pearson’s r: Pb: 0.362, Cd: 0.316, Mn: 0.158;
all p<0.0001, Figure E2).

Associations of metal concentrations in maternal mid-pregnancy and cord

serum with incidence rates of asthma, rhinitis, eczema, and food allergy.

The lifetime prevalence of asthma was 17% in our sample; 22% had rhinitis, 43%
had eczema, and 11% suffered from food allergy. Overall, 60% experienced at least
one of the outcomes, and 25% reported multiple allergic outcomes (Table E2). The

incidence rates of asthma, allergic rhinitis, eczema and food allergy were,
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respectively, 29.5 [cases/person-years: 113/3,830], 38.6 [144/3,731], 100.1
[283/2,827] and 18.9 [74/3,915] per 1000 (Table 2).

Cd concentrations were significantly higher in cord blood of children who developed
asthma and food allergy by the age of 8 (both p<0.01), and had a borderline
association with children who had eczema (p<0.10). Mn in maternal serum was
higher in children who later developed eczema, while Pb in cord blood was lower in
children who had allergic rhinitis (Table E3).

The incident rates of asthma, eczema and food allergy were significantly higher in
children with high cord-blood Cd levels (4th quartile) than those in the low exposure
group (1st quartile); children with high maternal-blood Mn had also greater rates of
asthma, while children with high cord-blood Pb levels had lower incidence of rhinitis
(Tables E4-E7).These associations were confirmed using the multivariable models;
after adjusting for potential confounders including children and family
characteristics, pregnancy and birth characteristics and other metal exposures, in
fact, children in the high cord-blood Cd exposure group had significantly higher
incidence rates of asthma (+81%), eczema (+60%) and food allergy (+217%) than
children in the low exposure group (HR for Q4 vs. Q1 [95%CIl]: asthma: 1.81
[1.00-3.29]; eczema: 1.60 [1.09-2.35]; ,food allergy: 3.17 [1.36-7.38], Figure 2 and
Table 3). Children highly exposed to maternal Mn had also had 55% greater rates of
eczema (1.55 [1.05-2.28]) than those in the low-exposure group. An inverse,
borderline trend was observed between cord-blood levels of Pb and incidence of
rhinitis.

These results were confirmed when using continuous log-concentrations for

assessing the exposures to metals (Table E8), and the associations found in the
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fully-adjusted models were consistent with the estimates found in the univariate
analyses and in those found including different sets of covariates (Tables E9-E12).

Interactions of heavy metals concentrations with sex, age and maternal

smoking habits.

There were no significant differences between boys and girls in the associations
between heavy metal exposures in utero and atopic outcomes (Table E13), and the
estimates for the associations were overall similar in infancy and in early childhood
(Table E14).

Cd concentrations were significantly higher in maternal blood of mothers who
smoked in pregnancy than those who did not (mean: 1.11 vs. 0.76 pg/L, p<0.001),
while Cd levels in cord blood were similar (Table E15). However, we found no
significant interactions between Cd blood levels and maternal smoking in

pregnancy associated with the incidence rates of atopic diseases (Table E16).
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DISCUSSION

We used prospective data from 651 children of the EDEN mother-child birth cohort
to prospectively estimate the associations between fetal exposure to lead (Pb),
cadmium (Cd) and manganese (Mn) and the incidence of asthma, allergic rhinitis,
eczema and food allergy by the age of 8. Our main findings are the following:
* high cord-blood Cd was significantly associated with greater rates of asthma,
eczema and food allergy in childhood;
* high mid-pregnancy maternal Mn was significantly associated with greater
risk of developing eczema;
* no significant differences in the estimates were found overall between males
and females, and between infancy and early childhood.
As exposures to Pb and Cd have previously been linked to reduced fetal growth and
prematurity,[21] it's worth noting that the associations found between heavy metals
and allergic diseases are independent from children’s birth characteristics such as
low birth weight, preterm and caesarean section delivery, as well as from other
potential confounders such as maternal smoking and socio-economic status.
Ours is one of the first studies that has examined the effects of prenatal exposures
to Cd, Pb and Mn on childhood allergic diseases, and the only that follow-up the
children to a median age of 8 years; thus, there are very few studies with which
directly compare our results with.[2] To our knowledge, moreover, this is the first
prospective study to investigate the associations of prenatal metal concentrations
with asthma, allergic rhinitis and food allergy.
Several studies have showed that Cd may have immunomodulatory effects and may

alter the activation of immune cell subpopulations and the production of IgE,
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potentially affect the risk of developing atopic diseases.[22,23] In adults, some
studies reported an association between high blood concentrations of Cd and
greater odds of current asthma,[24,25] in agreement with our results showing
increased rates of incident asthma in children exposed to higher Cd concentrations
in the cord blood. In line with the findings of the MOCEH study, which reported
greater prevalence of atopic dermatitis at 6 months in infants with higher cord-blood
levels of Cd,[13] we found that Cd in cord-blood affected the development of
eczema throughout early childhood. We also reported - for the first time to our
knowledge - evidence for an association of symptoms of food allergy in childhood
with cord blood Cd, which could also be due to the effects on developing immune
system of early exposures to Cd.[22-24,26,27]

Mn is an essential trace element with anti-oxidant properties, and dietary Mn has
been associated with lower asthma in adults.[28] Mn salts, however, are widely used
in cosmetics and potentially allergenic.[29] In our study, the maternal blood Mn
levels were associated with greater risk of developing eczema; the effects of Mn
complex because it is considered both an essential nutrient and a potential toxicant,
depending on the amount of exposure.[30] High levels of Mn are thought to
contribute to oxidative stress, as this metal can catalyze oxidative cellular reactions.
[31] We cannot exclude, however, that high levels of Mn in maternal blood might be
a proxy indicator of another noxious exposure.

We found a positive association — although not a statistical significance level -
between cord blood Pb levels and rates of eczema. This finding, however, does not
match with the results of the ALSPAC study (UK), which reported a negative
association between eczema symptoms at 18-30 months and iron levels in umbilical

cord, but no associations with Pb or Mn concentrations.[12] Two Asian birth-cohorts
15



found inconsistent results on fetal exposure to Pb and atopic dermatitis: the above-
mentioned MOCEH study found no association between Pb and atopic dermatitis in
infants,[13] while Pb levels in cord blood were associated with atopic dermatitis
duration in children aged 5, as well as with increased interleukin-13 production from
cord blood mononuclear cells, in the COCOA birth-cohort.[14]

Two independent studies on large samples of children living in the US reported no
associations of blood Pb levels with asthma [15,32], in agreement with our study, but
showed at the same time a positive association with eosinophils and IgE levels and
with T-cell dysregulation,[15,33] suggesting a potential effect on the immune system.
[26] We unexpectedly found a borderline inverse association between cord blood
Pb levels and allergic rhinitis, which would require further confirmation in
independent cohorts.

Finally, we found no significant associations between allergic outcomes and Pb or
Cd in maternal blood drawn during mid-pregnancy; this finding agrees with a recent
Canadian mother-child study that found no alteration of cord blood immune system
biomarkers with greater exposure to maternal Pb concentrations.[34]

The mothers and children included in our study came from the general population
and from two French urbanized settings,[17] and the metal concentrations detected
in maternal and cord blood in our study represent not-extreme exposures. The
average concentrations of Pb, Cd and Mn measured in maternal and cord blood in
our sample are similar to those found in other birth cohort from different countries
[reviewed in 11]. _Concentrations of Pb and Cd were 25 to 40% lower in cord than in
maternal blood and, contrariwise, Mn concentrations were 3-fold higher in cord
blood. As the placenta establishes an interface between maternal circulation and

the fetus by regulating the transport of nutrients and filtering the passage of
16



potentially toxic substances, our findings support the hypothesis that this may cause
a differential distribution of metals across the placenta by filtering the passage of Pb
and Cd and, contrariwise, favoring the accumulation of Mn in the cord blood.[10,11]
The correlations between maternal blood at 24th-28" week and cord blood
concentrations, however, were weak-to-moderate for all metals, indicating that there
is a sensible variability in metal concentrations even between the same mother-fetus
pair. This would partially explain why the significant associations observed between
allergic outcomes and metal concentrations measured in cord-blood were not
mirrored by those where the metal was measured in maternal blood. An alternative
explanation for the differences in the associations with allergic outcomes observed
between metal concentrations measured in mid-pregnancy maternal blood versus
cord blood might be that the time-window during which the fetus is exposed plays
an important role in the susceptibility to developing allergic diseases.

Strengths and limitations.

The strengths of the study include the prospective mother-birth cohort design, as
well as the early inclusion of expectant mothers from the French general-population
and the follow-up of the children from foetal life to the age of 8 with frequent data
collection, which minimized the issues of recall bias. In the EDEN study, it was not
possible to ask for the ethnicity of the participants for legal reasons. However, about
98% of the mothers was born in France or in another European country, and the
great majority of them had both parents born in Europe, indicating a predominant
Caucasian ancestry, even we cannot exclude among them some not-Caucasian,
third-generation immigrants. This may limit the ethnic comparison and the

generalizability of our findings to other ethnic groups.
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The use of parental-reported symptoms to identify children with asthma, rhinitis,
eczema and food allergy might be considered a weakness; nevertheless, this is a
common method in epidemiological research on children and validated questions
from internationally standardized questionnaires were adopted.[19] The lifetime
prevalence of allergic outcomes in our study are higher than those reported by other
cross-sectional studies on the French general paediatric population,[35-38] possibly
because our definitions are based on parental reported symptoms at multiple time-
point, which are more likely to detect minor-severity or intermittent symptoms.

As only one maternal blood sample was taken during the second trimester, we could
not consider the potential variations in metal exposure that might occur earlier and
later in the pregnancy; evaluation of heavy metals levels collected at multiple points
during pregnancy would be helpful to better understand the effects of exposure to
different metals throughout pregnancy.[39] The relatively low number of the sample-
size (n=651) limited the power of our statistical analyses. Taking this into account,
our results are to be interpreted with caution.

Conclusions

High cord-blood levels of cadmium are associated with a greater risk of developing
asthma, eczema and food allergy in infancy and early childhood, whilst high mid-
pregnancy maternal manganeseis is significantly associated with a greater risk of
developing eczema. Our findings suggest that either the organ where metals are
accumulated or the timing of exposure may play a role in the associations with
atopic diseases. Further studies should be conducted to validate our findings in
independent cohorts and to clarify the underlying biological mechanisms linking the

prenatal exposure to metals and the allergic phenotypes.
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VIIl. TABLES

Table 1: Distribution of lead (Pb), cadmium (Cd) and manganese (Mn) in
maternal blood during mid-pregnancy and in cord blood. tpaired sample

Student’s T-tests.

Exposure Maternal Cord blood | p-value for
blood (ug/L) differencet
(Hg/L)
Lead - Pb mean + SD 19.1 £ 12.3 145 +97 <0.0001
median [1st-3rd| 17[12,22] 12 [8.7,18]
quartile]
range 1-141 1-78
Cadmium - Cd | mean + SD 0.8+0.6 05+04 <0.0001
median [1st-3rd| 0.8[0.5,1.1] | 0.5[0.3,0.7]
quartile]
range 0.1-9.6 0.1-4.6
Manganese - mean + SD 105 +47 33.1+14.2 <0.0001
Mn median [1st-3rd 10 [8,12] 31 [24,41]
quartile]
range 1-53 1-107
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Table 2: Incidence cases and rates of asthma, rhinitis, eczema, and food allergy

in the study cohort.

Person-years | Incident cases Rates
95% ClI
at risk (%) per 1000 years
Asthma 3829.5 113 (17.4%) 29.5 [24.1,35.0]
Rhinitis 3730.5 144 (22.1%) 38.6 [32.3,44.9]
Eczema 2826.7 283 (43.5%) 100.1 [88.5,111.8]
Food allergy 3915.0 74 (11.4%) 18.9 [14.6,23.2]
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Table 3: Associations of metal levels in maternal and cohort blood with the
incidence of asthma, rhinitis, eczema and food allergy in children. Exposure to
metal concentrations were grouped by quartiles as follows: Qi: 1st quartile (lowest
exposure); Qz-3: 2nd and 3rd quartiles; Q4: 4th quartile (highest exposure). Hazard
ratios (HR, with 95% confidence intervals) for Q;-3 and Q4 are estimated with Q1 as
reference, and adjusted for sex, centre, BMI, maternal education, parental
smoking, parental history of allergy, maternal smoking in pregnancy, birthweight,
gestational age at delivery and type of delivery, and mutually adjusted for other
metal exposures. P-for-trends were calculated by including each metal exposure as

log2-transformed continuous variable. 1: p<0.10; *: p<0.05; **p<0.01

Asthma Rhinitis Eczema Food Allergy
HR [95%Cl] HR [95%CI] HR [95%Cl] HR [95%CI]
Lead (Pb)
Maternal
blood
Qz-3vs. Q1 10.97 0.85 0.78 0.62
[0.61-1.56] [0.57-1.28] [0.57-1.05] [0.35-1.09]F
Qs4vs. Q1 1.25 0.86 1.04
[0.71-2.20] [0.51-1.43] [0.73-1.48] 1.02 [0.51-2.01]
P for trend | 0.261 0.915 0.828 0.709
Cord blood
Qz-3vs. Q110.82 0.98 1.42
[0.52-1.30] [0.65-1.47] [1.03-1.96]* 1.21 [0.67-2.21]
Qs4vs. Q1 0.74 0.64 1.35
[0.41-1.33] [0.37-1.11] [0.92-1.98] 0.57 [0.25-1.34]
P for trend | 0.509 0.049* 0.110 0.905
Cadmium
(Cd)
Maternal
blood
Q23vs. Q1 10.87 0.99 1.05
[0.53-1.44] [0.64-1.52] [0.77-1.44] 0.65 [0.35-1.2]
Qs4vs. Q1 1.16 0.81 1.03
[0.66-2.01] [0.49-1.35] [0.72-1.48] 0.81 [0.41-1.6]
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P for trend | 0.906 0.416 0.622 0.697
Cord blood
Q23vs. Q1/1.18 1.36 1.52 2.07
[0.66-2.10] [0.85-2.18] [1.06-2.17]* [0.92-4.68]t
Q4vs. Q1 1.81 1.20 1.60 3.17
[1.00-3.29]* [0.71-2.04] [1.09-2.35]* [1.36-7.38]*
P for trend | 0.039* 0.412 0.258 0.017*
Manganese
(Mn)
Maternal
blood
Q23vs. Q1 1.52 1.11 1.47
[0.91-2.54] [0.72-1.70] [1.05-2.06]* 0.91 [0.49-1.69]
Q4vs. Q1 1.61 0.83 1.55
[0.88-2.96] [0.48-1.41] [1.05-2.28]* 1.12 [0.55-2.27]
P for trend | 0.279 0.356 0.015* 0.821
Cord blood
Q23vs. Q1 10.77 0.88 1.12
[0.49-1.22] [0.58-1.33] [0.82-1.53] 1.2 [0.64-2.23]
Q4vs. Q1 10.82 0.98 1.14
[0.48-1.42] [0.60-1.60] [0.79-1.64] 1.04 [0.49-2.19]
P for trend | 0.681 0.536 0.572 0.701
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IX. FIGURE LEGENDS

Figure 1: Flow-chart of the study population selection design. Tmother-children
pairs with measurements of lead (Pb), cadmium (Cd) and manganese (Mn) in both

maternal and cord blood.

Figure 2. Associations of prenatal metal concentrations of lead (Pb), cadmium
(Cd) and manganese (Mn) levels in maternal and cord blood with the risk of
asthma, rhinitis, eczema and food allergy. The figure represents the hazard ratios
(HR, with 95% confidence intervals) of the risk of developing atopic diseases for
highest quartile vs. lowest quartile (Q4 vs.Q1) of each metal level exposure,
adjusted for sex, centre, BMI, maternal education, parental smoking, parental history
of allergy, maternal smoking in pregnancy, birthweight, gestational age at delivery,

type of delivery, and mutually adjusted for other metal exposures.
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X. APPENDICES
A supplementary material file is included, containing the following text, figures and

tables:

Text E1: Additional methods and description of the covariates.

Figure E1: Box plots for the distribution of lead (Pb), cadmium (Cd) and manganese
(Mn) concentrations in maternal blood during mid-pregnancy and in cord blood in
the EDEN study sample.

Figure E2: Correlation matrix (with Pearson’s correlation coefficients and p-values)
of lead (Pb), cadmium (Cd) and manganese (Mn) log-2 concentrations in mid-

pregnancy maternal and cord blood.

Table E1: Children characteristics.

Table E2: Frequency of multiple allergic outcomes in the sample.

Table E3: Metal concentrations in maternal and cord blood by status of asthma,
allergic rhinitis, eczema and food allergy.

Table E4: Incidence of asthma by quartile of fetal exposure to Pb, Cd and Mn.
Table E5: Incidence of allergic rhinitis by quartile of fetal exposure to Pb, Cd and
Mn.

Table E6: Incidence of eczema by quartile of fetal exposure to Pb, Cd and Mn.
Table E7: Incidence of food allergy by quartile of fetal exposure to Pb, Cd and Mn.
Table E8: Associations of metal levels (included as continuous variable using log-2
concentrations) in blood with the risk of asthma, rhinitis, eczema and food allergy in

children from the EDEN cohort.
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Table E9: Associations (odds ratios for a unit increase in log2 concentrations) of
fetal exposure to heavy metals with the incidence of asthma in children.

Table E10: Associations (odds ratios for a unit increase in log2 concentrations) of
fetal exposure to heavy metals with the incidence of allergic rhinitis in children.
Table E11: Associations (odds ratios for a unit increase in log2 concentrations) of
fetal exposure to heavy metals with the incidence of eczema in children.

Table E12: Associations (odds ratios for a unit increase in log2 concentrations) of
fetal exposure to heavy metals with the incidence of food allergy in children.
Table E13: Interactions between heavy metal concentrations and sex in the
associations with the incidence of asthma, rhinitis, eczema and food allergy in
children.

Table E14: Interactions between heavy metal concentrations and age of disease
onset (3 years or less vs. 3 to 8 years) in the associations with the incidence of
asthma, rhinitis, eczema and food allergy in children.

Table E15: Maternal and cord blood levels of heavy metals by maternal smoking
status in pregnancy.

Table E16: Associations between foetal exposure to maternal and cord blood
cadmium and the incidence of atopic diseases in childhood according to maternal

smoking status in pregnancy.
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Online Supplement

Exposure to heavy metals in utero and incidence of atopic diseases
in early childhood.

This file contains the following additional material:

Text E1: Additional methods and description of the covariates.

Figure E1: Box plots for the distribution of lead (Pb), cadmium (Cd) and
manganese (Mn) concentrations in maternal blood during mid-pregnancy and in
cord blood in the EDEN study sample.

Figure E2: Correlation matrix (with Pearson’s correlation coefficients and p-values)
of lead (Pb), cadmium (Cd) and manganese (Mn) log-2 concentrations in mid-
pregnancy maternal and cord blood.

Table E1: Children characteristics.
Table E2: Frequency of multiple allergic outcomes in the sample.

Table E3: Metal concentrations in maternal and cord blood by status of asthma,
allergic rhinitis, eczema and food allergy.

Table E4: Incidence of asthma by quartile of fetal exposure to Pb, Cd and Mn.

Table E5: Incidence of allergic rhinitis by quartile of fetal exposure to Pb, Cd and
Mn.

Table E6: Incidence of eczema by quartile of fetal exposure to Pb, Cd and Mn.
Table E7: Incidence of food allergy by quartile of fetal exposure to Pb, Cd and Mn.

Table E8: Associations of metal levels (included as continuous variable using log-2
concentrations) in blood with the risk of asthma, rhinitis, eczema and food allergy in
children from the EDEN cohort.

Table E9: Associations (odds ratios for a unit increase in log2 concentrations) of
fetal exposure to heavy metals with the incidence of asthma in children.

Table E10: Associations (odds ratios for a unit increase in log2 concentrations) of
fetal exposure to heavy metals with the incidence of allergic rhinitis in children.

Table E11: Associations (odds ratios for a unit increase in log2 concentrations) of
fetal exposure to heavy metals with the incidence of eczema in children.

Table E12: Associations (odds ratios for a unit increase in log2 concentrations) of
fetal exposure to heavy metals with the incidence of food allergy in children.

Table E13: Interactions between heavy metal concentrations and sex in the
associations with the incidence of asthma, rhinitis, eczema and food allergy in
children.

Table E14: Interactions between heavy metal concentrations and age of disease
onset (3 years or less vs. 3 to 8 years) in the associations with the incidence of
asthma, rhinitis, eczema and food allergy in children.
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Table E15: Maternal and cord blood levels of heavy metals by maternal smoking
status in pregnancy.

Table E16: Associations between foetal exposure to maternal and cord blood
cadmium and the incidence of atopic diseases in childhood according to maternal
smoking status in pregnancy.
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Text E1. Additional methods and description of the covariates.

Additional methods

Incidence rates of asthma, allergic rhinitis, eczema and food allergy were calculated
by dividing the number of children who suffered from each of these symptoms by
the total time at risk in the years. The time at risk for each allergic outcome was
calculated for each child from birth to the age when the child was first reported to
have had the outcome, or to the age of the child when the last questionnaire was

administered if he/she did not suffer from the disease.

To test the stability of the estimates for the associations between metal
concentrations and allergic health outcomes in relation to different covariates, the
HR have been adjusted for 4 sets of variables: 1) sex and EDEN centre; 2) variables
in “1” plus child BMI, maternal education, parental smoking and parental history of
allergy; 3) variables in “2” plus maternal smoking in pregnancy, birth weight,
gestational age and type of delivery. 4) variables in “3” plus mutual adjustment for
other heavy metal exposures. This last (fully-adjusted) was used as main model

throughout the manuscript.
Description of the covariates

The following variables were included in the models as potential confounders of the
associations and coded as follows: sex at birth, EDEN center (Poitier or Nancy),
child’s BMI at last examination (Kg/m2, continuous), highest maternal educational
degree as proxy of socio-economic status (primary or vocational school diploma;
secondary school diploma; university degree or higher), parental history of allergy
(at least one parent, yes/no), parental smoking habits during the child’s childhood as

proxy of second-hand smoking exposure, maternal smoking during pregnancy,
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birthweight (<2500 g; 2500-4200 g; >4200 g), prematurity (if born before the 37t
gestational week), type of delivery (vaginal, caesarean section; vacuum extraction

or forceps).
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Figure E1: Distribution of lead (Pb), cadmium (Cd) and manganese (Mn)
concentrations in maternal blood during mid-pregnancy and in cord blood in the

EDEN study sample.
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Figure E2: correlation matrix (with Pearson’s correlation coefficients and p-
values) of lead (Pb), cadmium (Cd) and manganese (Mn) log-2 concentrations in
mid-pregnancy maternal and cord blood.
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Table E1: Children characteristics.
Data reported as n (%) or mean = standard deviation.

EDEN children included in the

analyses
N=651
Centre
Poitier 369 (56.7%)
Nancy 282 (43.3%)
Sex at birth
Boys 339 (52.1%)
Girls 312 (47.9%)
Birthweight
<2500 g 29 (4.4%)
2500-4200 g 600 (92.2%)
>4200 g 22 (3.4%)
Gestational age at delivery
< 37 weeks 34 (5.2%)
37-38 weeks 122 (18.8%)
39-42 weeks 495 (76.0%)

Type of delivery

Vaginal delivery

514 (79.0%)

Vacuum extraction or forceps

61 (9.4%)

Caesarian section

76 (11.7%)

Maternal smoke during
pregnancy

No

491 (75.4%)

Yes

160 (24.6%)

Maternal education

Vocational school

122 (18.7%)

Secondary school

221 (34.0%)

Higher education

308 (47.3%)

Parental smoking

No

450 (69.1%)

Yes

201 (30.9%)
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Parental history of allergy

No 412 (63.3%)
Yes 239 (36.7%)
Maternal birthplace

Europe 635 (97.5%)

Africa 7 (1.4%)

America 3(0.5%)

Asia 1(0.2%)

Missing information 3 (0.5%)

Maternal grandparents
birthplace

Europe, both grandparents

597 (91.7%)

Outside Europe, one grandparent 28 (4.2%)
Outside Europe, both grandparents 18 (2.8%)
Unknown/missing information 8(1.2%)
Child BMI (Kg/m?2)
at 3 years old 15713
at 4 years old 155+1.3
at 5 years old 154 +1.7
at 8 years old 159+ 19
Child age at the last follow-up
3 years 36 (5.5%)
4 years 86 (18.7%)
5 years 141 (21.7%)

8 years

388 (59.6%)
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Table E2: Frequency of multiple allergic outcomes in the sample.

No. of allergic|N %
outcomes

0 262 |40.3
1 229 |35.2
2 104 | 16.0
3 47 7.2
4 9 1.4

Table E3: Metal concentrations in maternal and cord blood by status of asthma,
allergic rhinitis, eczema and food allergy.

Differences between disease status groups were tested by multiple Wilcoxon’s
rank-sum tests: 1: p<0.1; *: p<0.05; **: p<0.01

Ashtm Allergic Eczem Food
a rhinitis a allergy
N olY e s N olY e s|N olY e s|N oY e s
(n=53| (n=113) | (n=507) | (n=144 (n=36 (n=283 (n=577 (n=74)
8) ) 8) ) )

Lead (Pb)

Maternal [19.0 £({19.9 +(19.2 +/18.7 =[18.8 +/19.5 +/19.1 +(19.4 =
blood | 12.0 13.7 12.2 12.7 12.1 12.6 12.0 14.4
Cordblood |14.6 =[{13.9 +/14.9 +/13.0 =|14.2 =|(14.7 = 14.6 =|[13.5 =

9.5 10.6 9.8 9.1* 10.0 9.3 9.9 7.6
Cadmium
(Cd)

Maternal [0.84 =/0.87 +/0.86 +/0.81 +|/0.81 =/0.89 +/0.82 +=|1.02 =
blood | 0.61 0.53 0.63 0.45 0.48 0.72 0.48 1.16
Cord blood | 0.51 +{0.61 =/0.53 +/0.53 =|/0.52 +|/0.54 +/0.52 +/0.61 =

0.36 0.40** |0.39 0.31 0.41 0.321 0.37 0.34**
Manganes
e (Mn)

Maternal | 10.5 =[10.5 ={10.5 +[10.7 =|/10.1 ={11.1 =/10.5 +|{10.9 =
blood | 4.8 4.2 4.8 4.3 4.3 5.1* 4.6 5.0
Cordblood [32.3 +(32.1 =(32.3 +/32.3 +(32.8 +/33.5 +/33.1 =(33.4 =

14.3 14.0 14.0 14.3 14.7 13.6 14.3 14.1
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Table E4: Incidence of asthma by quartile of fetal exposure to Pb, Cd and Mn.
P-values for differences between exposure quartile groups (with Q1 as refence)
were estimated using Cox proportional hazard models.

Exposure N Incident|Incident Person-|Incidence|p

cases proportion years rates/1000 | value
(%)

Lead (Pb)

Maternal blood

Q1 [1-12 pg/L] | 155 |30 19.4 891 33.7

Qo3 (12-22 g/

L] 338 |54 16.0 2000 27.0 0.349

Q4 (22-141 ug/

L] 158 |29 18.4 938.5 30.9 0.776

Cord blood

Q1 [1-8.7 pg/L] | 164 |35 21.3 948.5 36.9

Q2-3(8.7-18 ug/

L] 331 |55 16.6 1970.5 27.9 0.220

Q4 (18-78 pg/L] | 156 | 23 14.7 910.5 25.3 0.148

Cadmium (Cd)

Maternal blood

Q1 [0.1-0.5 ug/
|_] 161 | 25 15.5 961.5 26.0

Q23(0.5-1.1 pg/
L] 305 |52 17.0 1795 29.0 0.669

Q4(1.1-9.6 ug/
L] 185 | 36 19.5 1073 33.6 0.347

Cord blood

Q1 [0.1-0.3 pg/
L] 132 |17 12.9 802.5 21.2

Q2-3(0.3-0.7 ug/
L] 326 | 51 15.6 1958.5 26.0 0.469

Q4(0.7-4.6 ug/
|_] 193 | 45 23.3 1068.5 42 1 0.021

Manganese
(Mn)

Maternal blood
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Q1 [1-8 pg/L] 139 | 21 15.1 826.5 25.4
Qo3(8-12 pg/L] 1355 |65 18.3 2081.5 31.2 0.387
Q4(12-563 pg/L] | 157 |27 17.2 8215 32.9 0.591
Cord blood
Qi [1-24 pg/L] | 153 |32 20.9 876 36.5
Qo3 (24-41 pg/
L] 333 | 53 15.9 1955.5 271 0.195
Q4 (41-107 pg/
L]/ 165 |28 17.0 998 28.1 0.329
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Table E5: Incidence of allergic rhinitis by quartile of fetal exposure to Pb, Cd
and Mn. P-values for differences between exposure quartile groups (with Q1 as

refence) were estimated using multiple Cox proportional hazard models.

Exposure N Incident Incident| Person-| Incidence p-value
cases proportion | years rates/1000
(%)
Lead (Pb)
Maternal blood
Qi [1-12 pg/L] 155 |40 25.8 854 46.8
Qo3 (12-22 g/
L] 338 | 73 21.6 1947 37.5 0.256
Q4 (22-141 ug/
L] 158 | 31 19.6 929.5 33.4 0.167
Cord blood
Q1 [1-8.7 pug/L] | 164 |42 25.6 954.5 44.0
Q2-3(8.7-18 ug/
L] 331 |77 23.3 1859.5 41.4 0.733
Q4 (18-78 ug/L] | 156 |25 16.0 916.5 27.3 0.049

Cadmium (Cd)

Maternal blood

Q1 [0.1-0.5 ug/

L] 161 | 34 21.1 933 36.4

Q2-3(0.5-1.1 g/

L] 305 |73 23.9 1727.5 423 0.526
Q4(1.1-9.6 ug/

L] 185 | 37 20.0 1070 34.6 0.794
Cord blood

Q1[0.1-0.3 ug/

L] 132 | 25 18.9 776.5 32.2
Q2-3(0.3-0.7 ug/

L] 326 |78 23.9 1858 42.0 0.262

Q4(0.7-4.6 pg/
L] 193 | 41 21.2 1096 37.4 0.596




Pesce et al. Metal exposures in utero and atopic diseases

Manganese

(Mn)

Maternal blood

Q1 [1-8 pg/L] 139 | 31 22.3 789.5 39.3

Q23(8-12 ug/L] 355 |84 23.7 20215 416 0.707
Q4 (12-53 pg/L] | 157 |29 18.5 919.5 315 0.464
Cord blood

Qi [1-24 pg/L] | 153 |38 24.8 883 43.0

Q2.3 (24-41 pg/

L] 333 | 70 21.0 1875 37.3 0.483
Q4 (41-107 pg/

L] 165 | 36 21.8 972.5 37.0 0.525
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Table EG6: Incidence of eczema by quartile of fetal exposure to Pb, Cd and Mn.
P-values for differences between exposure quartile groups (with Q1 as refence)

were estimated using multiple Cox proportional hazard models.

Exposure N Incident Incident| Person-| Incidence p-value
cases proportion | years rates/1000
(%)
Lead (Pb)
Maternal blood
Qi [1-12 pg/L] 155 |73 471 658 110.9
Qo3 (12-22 g/
L] 338 | 133 39.3 1528.5 87.0 0.155
Q4 (22-141 ug/
L] 158 |77 48.7 640.5 120.2 0.717
Cord blood
Q1 [1-8.7 pug/L] | 164 |59 36.0 788.5 74.8
Q2-3(8.7-18 ug/
L] 331 | 153 46.2 1410.4 108.5 0.051
Q4 (18-78 pg/L] | 156 | 71 45.5 627.8 113.1 0.077

Cadmium (Cd)

Maternal blood

Q1 [0.1-0.5 ug/

L] 161 | 60 37.3 7321 82.0

Q2-3(0.5-1.1 g/

L] 305 | 139 456 1312.4 105.9 0.162
Q4(1.1-9.6 ug/

L] 185 | 84 45.4 782.2 107.4 0.186
Cord blood

Q1[0.1-0.3 ug/

L] 132 |43 32.6 637.5 67.5

Q2-3(0.3-0.7 ug/

L] 326 | 147 451 1414.9 103.9 0.026

Q4(0.7-4.6 pg/
L] 193 | 93 48.2 7743 120.1 0.009
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Manganese

(Mn)

Maternal blood

Q1 [1-8 pg/L] 139 | 46 33.1 664.4 69.2

Q23(8-12 pg/L] 355 | 165 46.5 1508 109.4 0.014
Q4 (12-53 pg/L] | 157 |72 45.9 654.3 110.0 0.026
Cord blood

Qi1 [1-24 pg/L] 153 |59 38.6 724.2 81.5

Q2.3 (24-41 pg/

L] 333 | 150 45.0 1404.2 106.8 0.174
Q4 (41-107 pg/

L] 165 |74 44.8 698.3 106.0 0.202
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Table E7: Incidence of food allergy by quartile of fetal exposure to Pb, Cd and
Mn. P-values for differences between exposure quartile groups (with Q1 as refence)

were estimated using multiple Cox proportional hazard models.

Exposure N Incident Incident| Person-| Incidence p-value
cases proportion | years rates/1000
(%)
Lead (Pb)
Maternal blood
Qi [1-12 pg/L] 155 |24 15.5 892.6 26.9
Qo3 (12-22 g/
L] 338 | 32 9.5 2096.9 15.3 0.048
Q4 (22-141 ug/
L] 158 | 18 11.4 952.5 18.9 0.285
Cord blood
Q1 [1-8.7 pug/L] | 164 | 18 11.0 1024.8 | 17.6
Q2-3(8.7-18 ug/
L] 331 |45 13.6 1946.6 23.1 0.379
Q4 (18-78 pg/L] | 156 | 11 7.1 943.6 11.7 0.241

Cadmium (Cd)

Maternal blood

Q1 [0.1-0.5 ug/

L] 161 | 18 11.2 979.8 18.4

Q2-3(0.5-1.1 g/

L] 305 | 31 10.2 1846.1 16.8 0.738
Q4(1.1-9.6 ug/

L] 185 | 25 13.5 1089.1 23.0 0.502
Cord blood

Q1[0.1-0.3 ug/

L] 132 |8 6.1 834.3 9.6

Q2-3(0.3-0.7 ug/

L] 326 |34 10.4 1992.6 17.1 0.165

Q4(0.7-4.6 pg/
L] 193 | 32 16.6 1088.1 | 29.4 0.008
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Manganese

(Mn)

Maternal blood

Q1 [1-8 pg/L] 139 | 16 115 831.3 19.2

Qo3(8-12 pg/L] 1355 |38 10.7 21439 | 17.7 0.833
Q4 (12-53 pg/L] | 157 |20 12.7 939.8 21.3 0.766
Cord blood

Qi [1-24 pg/L] 153 | 15 9.8 949 15.8

Q2.3 (24-41 pg/

L] 333 | 41 12.3 1946.4 211 0.381
Q4 (41-107 pg/

L] 165 | 18 10.9 1019.6 17.7 0.743




Pesce et al.

Metal exposures in utero and atopic diseases

Table E8: Associations of metal levels in blood with the risk of asthma, rhinitis,

eczema and food allergy in children from the EDEN cohort. Hazard ratios (HR,

with 95% confidence intervals) are estimated for a unit increase in log2[metal

concentrations], and are adjusted for sex, centre, BMI, maternal education, parental

smoking, parental history of allergy, maternal smoking in pregnancy, birthweight,

gestational age at delivery and type of delivery, and mutually adjusted for other

metal exposures. *: p<0.05

Asthma

Rhinitis

Eczema

Food Allergy

HR [95%CI]

HR [95%CI]

HR [95%CI]

HR [95%CI]

Lead (Pb)
Maternal blood | 1.15[0.90-1.48] | 1.01[0.82-1.25] |0.98[0.84-1.15] | 0.94 [0.69-1.28]
Cord blood | 0.93 [0.76-1.15] |0.84 [0.70-1.00]* | 1.12[0.97-1.28] | 0.98 [0.76-1.28]

Cadmium (Cd)

Maternal blood

0.99 [0806-1.22]

0.93[0.78-1.11]

1.03 [0.95-1.22]

1.05 [0.81-1.38]

Cord blood

1.25 [1.01-1.54]*

1.08 [0.90 -1.28]

1.08 [0.95-1.22]

1.37 [1.06-1.77]

Manganese

(Mn)

Maternal blood

1.18 [0.87-1.59]

1.13[0.87-1.45]

1.27 [1.05-1.53]*

0.96 [0.68-1.36]

Cord blood

0.95 [0.74-1.21]

0.93 [0.75-1.16]

1.05 [0.89-1.25]

1.07 [0.75-1.52]




Pesce et al. Metal exposures in utero and atopic diseases

Table E9: Associations (hazard ratios for a unit increase in log2 concentrations)
of heavy metals in blood samples with the incidence of asthma in children from
the EDEN cohort.

HRO [95%CI]

HR? [95%CI]

HR2 [95%CI]

HR3 [95%CI]

Lead (Pb)

Maternal blood

1.06 [0.84-1.33]

1.09 [0.87-1.38]

1.13 [0.90-1.42]

1.13 [0.89-1.42]

Cord blood

0.92 [0.76-1.10]

0.94 [0.78-1.13]

0.95 [0.79-1.15]

0.97 [0.80-1.18]

Cadmium (Cd)

Maternal blood

1.06 [0.88-1.29]

1.06 [0,87-1.29]

1.07 [0.87-1.31]

1.06 [0.86-1.29]

Cord blood

1.25 [1.03-1.52]*

1.24[1.02-1.52]*

1.25 [1.03-1.53]*

1.25 [1.02-1.52]*

Manganese (Mn)

Maternal blood | 1.05 [0.80-1.38]

Cord blood | 0.89 [0.71-1.12]

0: unadjusted hazard ratios;

1: hazard ratios adjusted for sex and centre;

2: hazard ratios adjusted for sex, centre, BMI, maternal education, parental
smoking, parental history of allergy;

3: hazard ratios adjusted for sex, centre, BMI, maternal education, parental
smoking, parental history of allergy, maternal smoking in pregnancy, birthweight,
gestational age at delivery and type of delivery.

*: p<0.05

1.18 [0.89-1.56]
0.91 [0.72-1.15]

1.17 [0.88-1.55]
0.91 [0.72-1.17]

1.18 [0.88-1.57]
0.95 [0.74-1.21]

Table E10: Associations (hazard ratios for a unit increase in log2 concentrations)
of heavy metals in blood samples with the incidence of rhinitis in children from
the EDEN cohort.

HRO [95%CI]

HR? [95%CI]

HR2 [95%CI]

HR3 [95%CI]

Lead (Pb)

Maternal blood

0.94 [0.76-1.12]

0.93 [0.76-1.13]

0.94 [0.77-1.14]

0.94 [0.77-1.15]

Cord blood

0.84 [0.72-0.99]*

0.84 [0.72-0.99]*

0.85 [0.73-0.99]*

0.84 [0.71-0.98]*

Cadmium (Cd)

Maternal blood

0.98 [0.83-1.15]

0.98 [0.83-1.15]

0.96 [0.81-1.13]

0.95 [0.80-1.12]

Cord blood

1.05 [0.89 -1.24]

1.05 [0.89 -1.24]

1.05 [0.89 -1.24]

1.06 [0.89 -1.25]

Manganese (Mn)

Maternal blood

1.10 [0.86-1.40]

1.11 [0.87-1.42]

1.10 [0.86-1.41]

1.10 [0.86-1.42]

Cord blood

0.92 [0.75-1.13]

0.92 [0.75-1.13]

0.92 [0.74-1.14]

0.91 [0.74-1.14]

0: unadjusted hazard ratios;
1: hazard ratios adjusted for sex and centre;
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2: hazard ratios adjusted for sex, centre, BMI, maternal education, parental
smoking, parental history of allergy;

3: hazard ratios adjusted for sex, centre, BMI, maternal education, parental
smoking, parental history of allergy, maternal smoking in pregnancy, birthweight,
gestational age at delivery and type of delivery.

*: p<0.05
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Table E11: Associations (hazard ratios for a unit increase in log2 concentrations)
of heavy metals in blood samples with the incidence of eczema in children from
the EDEN cohort.

HRO [95%CI] HR' [95%CI] HR2 [95%CI] HR3 [95%CI]

Lead (Pb)
Maternal blood

1.01 [0.88-1.17]

Cord blood | 1 . 1 1
[0.98-1.26]F

1.02 [0.88-1.18] | 1.03 [0.89-1.19]

1.11[0.98-1.26]f |1 . 1 2
[0.99-1.27]t

1.04[0.90-1.10]
1.12 [0.99-1.27]t

Cadmium (Cd)

Maternal blood
Cord blood

1.10 [0.97-1.24]
1.09 [0.97 -1.22]

1.10 [0.97-1.24]
1.09 [0.96 -1.22]

1.08 [0.95-1.22]
1.08 [0.96 -1.22]

1.06 [0.94-1.20]
1.08 [0.96-1.22]

Manganese (Mn)

1.26
1.51]*

Cord blood | 1.11 [0.94-1.30]

0: unadjusted hazard ratios;

1: hazard ratios adjusted for sex and centre;

2: hazard ratios adjusted for sex, centre, BMI, maternal education, parental
smoking, parental history of allergy;

3: hazard ratios adjusted for sex, centre, BMI, maternal education, parental
smoking, parental history of allergy, maternal smoking in pregnancy, birthweight,
gestational age at delivery and type of delivery.

T: p<0.10; *: p<0.05; **p<0.01

1.28
-1.54]*

1.11 [0.94-1.31]

1.27
-1.53]*

1.11 [0.94-1.31]

1.28
-1.54]*

1.11 [0.94-1.32]

Maternal blood [1.05 [1.06 [1.05 [1.06

Table E12: Associations (hazard ratios for a unit increase in log2 concentrations)
of heavy metals in blood samples with the incidence of food allergy in children
from the EDEN cohort.

HRO [95%CI] HR? [95%CI] HR2 [95%CI] HR3 [95%CI]

Lead (Pb)

Maternal blood

1.06 [0.84-1.33]

1.09 [0.87-1.38]

1.13 [0.90-1.42]

1.13 [0.89-1.42]

Cord blood

0.98 [0.77-1.23]

0.97 [0.77-1.22]

0.99 [0.79-1.25]

0.97 [0.77-1.23]

Cadmium (Cd)

Maternal blood

1.20 [0.90-1.50]

1.20 [0.84-1.53]

1.19 [0.93-1.53]

1.16 [0.90-1.50]

Cord blood

1 . 3 8
[1.08-1.76]**

1 . 3 9
[1.09-1.77]**

1 . 4 1
[1.10-1.80]**

1 . 3
[1.09-1.77]**

9

Manganese (Mn)

Maternal blood

1.02 [0.73-1.42]

0.98 [0.70-1.37]

0.96 [0.69-1.34]

0.98 [0.70-1.36]
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Cord blood | 1.06 [0.77-1.46] | 1.05 [0.76-1.45] | 1.05 [0.75-1.46] | 1.05 [0.75-1.46]

0: unadjusted hazard ratios;

1: hazard ratios adjusted for sex and centre;

2: hazard ratios adjusted for sex, centre, BMI, maternal education, parental
smoking, parental history of allergy;

3: hazard ratios adjusted for sex, centre, BMI, maternal education, parental
smoking, parental history of allergy, maternal smoking in pregnancy, birthweight,
gestational age at delivery and type of delivery.

t: p<0.10; *: p<0.05; **p<0.01




Pesce et al.

Metal exposures in utero and atopic diseases

Table E13: Interaction between sex and heavy metal concentrations in the
associations with the incidence of asthma, rhinitis, eczema and food allergy in
children. The associations are shown as hazard ratios for a unit increase in log2
concentrations and adjusted for sex, centre, BMI, maternal education, parental
smoking, parental history of allergy, maternal smoking in pregnancy, birthweight,
gestational age at delivery and type of delivery, and mutually adjusted for other
metal exposures. The p-value is obtained using a likelihood ratio test between the
model where the 6 metal exposures were included without sex interactions (base
model) vs. the model where an interaction term between sex and each of the 6
metal exposures was included.

Asthma

Rhinitis

Eczema

Food Allergy

HR [95%CI]

HR [95%CI]

HR [95%CI]

HR [95%CI]

Lead (Pb)

Maternal blood

males | 1.20 [0.84-1.71] | 0.97 [0.70-1.35] | 1.04 [0.82-1.33]  0.90 [0.56-1.44]
females | 1.11 [0.77-1.60] | 1.04 [0.78-1.41] | 0.94 [0.77-1.17] | 1.03 [0.67-1.58]
Cord blood
males | 0.87 [0.65-1.16] | 0.82 [0.62-1.07] | 1.06 [0.86-1.31] | 0.93 [0.62-1.39]
females | 1.01 [0.74-1.37] | 0.85 [0.68-1.07] | 1.15[0.96-1.39] | 1.03 [0.72-1.47]
Cadmium (Cd)
Maternal blood
males | 1.07 [0.80-1.43] | 0.99 [0.77-1.28] | 1.08 [0.90-1.31] | 1.03 [0.70-1.51]
females | 0.89 [0.65-1.23] | 0.88 [0.69-1.12] | 0.99 [0.82-1.19] | 1.13 [0.78-1.64]
Cord blood
males | 1.23 [0.94-1.60] | 1.00 [0.78-1.28] | 0.94 [0.79-1.12] ' 1.20 [0.83-1.73]
females | 1.27 [0.89-1.80] | 1.16 [0.90-1.50] | 1.25[1.03-1.51] | 1.56 [1.06-2.30]
Manganese (Mn)
Maternal blood
males | 1.16 [0.81-1.66] | 1.10 [0.80-1.50] | 1.21 [0.95-1.54] @ 1.07 [0.66-1.72]
females 1.38 [1.02
1.22 [0.72-2.08] | 1.21 [0.79-1.84] | -1.87] 0.84 [0.51-1.40]
Cord blood
males | 1.07 [0.77-1.47] | 0.95 [0.70-1.25] | 1.16 [0.91-1.54] | 1.36 [0.80-2.33]
females | 0.79 [0.54-1.16] | 0.90 [0.64-1.28] | 0.95 [0.74-1.22] | 0.80 [0.48-1.32]
P for sex-metals
interaction 0.900 0.976 0.344 0.555
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Table E14: Interactions between age of disease onset (3 years or less vs. 3 to 8
years) and fetal exposure to heavy metals in the associations with the incidence
of asthma, rhinitis, eczema and food allergy in children. The associations are
shown as hazard ratios for a unit increase in log2 concentrations and adjusted for
sex, centre, BMI, maternal education, parental smoking, parental history of allergy,
maternal smoking in pregnancy, birthweight, gestational age at delivery and type
of delivery. The p-value is obtained using a likelihood ratio test between the model
where the 6 metal exposures were included without age interactions (base model)
vs. the model where an interaction term between age and each of the 6 metal
exposures was included.

Asthma

Rhinitis

Eczema

Food Allergy

HR [95%CI]

HR [95%CI]

HR [95%CI]

HR [95%CI]

Lead (Pb)

Maternal blood

0-3 years

1.34[0.96-1.88]

0.87 [0.66-1

15]

0.98 [0.83-1.15]

0.94 [0.66-1.35]

3-8 years

0.96 [0.67-1.37]

1.28 [0.91-1

81]

1.01 [0.68-1.50]

0.94 [0.52-1.70]

Cord blood

0-3 years

0.90 [0.68-1.18]

0.88 [0.69-1.

11]

1.13 [0.97-1.31]

1.03 [0.75-1.41]

3-8 years

0.98 [0.72-1.33]

0.77 [0.59-1

.00]

1.09 [0.79-1.51]

0.90 [0.57-1.42]

Cadmium (Cd)

Maternal blood

0-3 years

1.13 [0.84-1.51]

0.96 [0.76-1

.20]

1.06 [0.91-1.22]

1.32 [0.96-1.83]

3-8 years

0.83 [0.61-1.13]

0.89 [0.68-1.

16]

0.93 [0.69-1.27]

0.61 [0.39-0.84]

Cord blood

0-3 years

1.13 [0.86-1.49]

1.00 [0.79-1

.26]

1.07 [0.93-1.23]

1.24[0.93-1.67]

3-8 years

1.45 [1.04-2.02]

1.21 [0.92-1

58]

1.11 [0.81-1.51]

1.86 [1.11-3.13]

Manganese (Mn)

Maternal blood

0-3 years

1.26 [0.85-1.88]

1.19 [0.85-1

.66]

1.19 [0.97-1.46]

0.80 [0.55-1.16]

3-8 years

1.06 [0.69-1.65]

1.03 [0.71-1

.50]

1.83[1.10 -3.04]

1.89 [0.87-4.11]

Cord blood

0-3 years

0.81 [0.60-1.07]

1.08 [0.78-1

.50]

1.03 [0.86-1.25]

1.01 [0.68-1.51]

3-8 years

1.26 [0.82-1.96]

0.81 [0.61-1

.07]

1.11 [0.75-1.65]

1.22 [0.61-2.42]

P for time-
metals
interaction

0.204

0.355

0.722

0.059
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Table E15: Maternal and cord blood levels of heavy metals by maternal smoking
status in pregnancy.

Maternal blood Cord blood
Non-smokers | Smokers Non-smokers | Smokers
Pb (ug/L) mean + SD 18.8 +12.2 | 20.0+12.6 14.1 £ 9.9 15.5+ 8.9
median [IQR] | 17 [11.5,22] | 17 [13,22.8] 12 [8,17] 14 [10,20]
range 1-141 1-79 1-78 1-52
Wilcoxon test 0.205 0.011
(p-value)
Cd (pg/L) mean + SD 0.76 + 0.43 1.11+0.89 | 0.52+0.33 | 0.56 + 0.47
median [IQR] @ 0.7 [0.4,1.0] 1.0 0.5[0.3,0.7] A 0.5[0.3,0.7]
[0.7,0.1.35]
range 0.1-2.3 0.1-9.6 0.1-2.9 0.1-4.6
Wilcoxon test <0.0001 0.539
(p-value)
Mn (ug/L) mean = SD 10.6 + 4.4 10.2 +5.3 32.8 £+ 14.3 32.9£13.9
median [IQR] 10 [8,13] 9.9 [8,11.5] 31 [24,40] 31 [24,43]
range 1-32 1-53 1-107 6-79
Wilcoxon test 0.140 0.586

(p-value)
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Table E16: Associations between foetal exposure to maternal and cord blood
cadmium and the incidence of atopic diseases in childhood according to
maternal smoking status in pregnancy. Hazard ratios (HR, with 95% confidence
interval) are for doubling Cd concentrations and adjusted for sex, centre, BMI,
maternal education, parental smoking, parental history of allergy, birthweight,
gestational age at delivery, type of delivery and foetal exposures to other metals.

Asthma

Rhinitis

Eczema

Food Allergy

HR [95%CI]

HR [95%CI]

HR [95%Cl]

HR [95%CI]

Maternal blood
Cd

Non-smokers

0.94 [0.73-1.22]

0.95 [0.77-1.18]

1.02 [0.87-1.20]

1.03 [0.74-1.42]

Smokers

1.08 [0.73-1.61]

0.87 [0.72-1.18]

1.06 [0.83-1.35]

1.09 [0.67-1.75]

Cord blood Cd

Non-smokers

1.38 [1.06-1.80]

1.15 [0.92-1.44]

1.07 [0.91-1.25]

1.46 [1.04-2.05]

Smokers

1.04 [0.74-1.48]

0.96 [0.72-1.28]

1.09 [0.89-1.35]

1.24[0.83-1.85]

p-value for Cd-
maternal
smoking
interaction

0.448

0.451

0.934

0.832




Pregnant women enrolled in the EDEN study

N = 2,002

Children with clinical examination at birth

N =1,905

Mother-children pairs enrolled for metal dosage

N =915

Mother-children pairs with complete metal dosage™

N = 845

Children followed-up between 3 and 8 years old

N =651

|
|
|
|
J

97

990

70

194

Mothers who transferred to a
different clinic

Mother-children pairs who were
not enrolled for metal dosage

Mother-children pairs with
incomplete metal dosage

Lost at follow-up before
the age of 3



Extreme quartiles
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