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Abstract

Background—Phenols interact with nuclear receptors implicated in growth and adipogenesis
regulation. Only a few studies have explored their effects on growth in humans.

Objectives—We studied the associations of maternal exposure to phenols during pregnancy with
prenatal and postnatal growth of male newborns.

Methods—Within a cohort of women recruited during pregnancy, we selected 520 mother—son
pairs and quantified 9 phenols in spot urine samples collected during pregnancy. We used
ultrasonography during pregnancy, together with birth measurements, to assess fetal growth. We
modeled individual postnatal growth trajectories from repeated measures of weight and height in
the first 3 years of life.

Results—Triclosan concentration was negatively associated with growth parameters measured at
the third ultrasound examination but not earlier in pregnancy. At birth, this phenol tended to be
negatively associated with head circumference (—1.2 mm for an interquartile range [IQR] increase
in In-transformed triclosan concentration [95% confidence interval = —2.6 to 0.3]) but not with
weight or height. Parabens were positively associated with weight at birth. This positive
association remained for 3 years for methylparaben ( = 193 g [-4 to 389]) for an IQR increase in
In-transformed concentrations.

Conclusion—We relied on only 1 spot urine sample to assess exposure; because of the high
variability in phenol urinary concentrations reported during pregnancy, using only 1 sample may

Correspondence: Claire Philippat, Institut Albert Bonniot, Centre de Recherche INSERM-UJF U823, UJF Site Santé, BP 170, La
Tranche, Grenoble 38042 Cedex 9, France. cphilippat@ucdavis.edu.

The authors report no conflicts of interest.
Disclosure: The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of
the Centers for Disease Control and Prevention.

Supplemental digital content is available through direct URL citations in the HTML and PDF versions of this article
(www.epidem.com). This content is not peer-reviewed or copy-edited; it is the sole responsibility of the authors.


http://www.epidem.com

1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Philippat et al.

Page 2

result in exposure misclassification, in particular for bisphenol A. Our study suggested
associations between prenatal exposure to parabens and triclosan and prenatal or early postnatal

growth.

Phenolic compounds are used in common products such as solar filters (benzophenone-3),
cosmetics (parabens), antibacterial soaps (triclosan), and polycarbonate plastics or epoxy
resins used in can linings (bisphenol A). Precursors of dichlorophenols are used in indoor
deodorizers and mothballs. Some of these chemicals are known to be endocrine disruptors
and to interact with nuclear receptors involved in the control of adipogenesis and weight
gain, such as glucocorticoid, estrogen, and thyroid receptors.!

In vitro studies have reported adipogenic effects for bisphenol A23 and parabens.* In
rodents, perinatal exposure to bisphenol A (doses of 0.25-100 pg/kg of body weight/day)
has been associated with increased weight at birth and during early life.5-8 There are reports
of reduced body weight at birth, but at high exposure levels (300 and 1000 mg/kg).°

The human literature is mixed. Some epidemiologic studies are in line with the toxicological
results, with positive associations between prenatal exposure to bisphenol A and birth
weight, 10 waist circumference, body mass index (BMI), and the risk of being overweight at
4 years.11 However, there are also negative associations.12:13 Prenatal exposure to bisphenol
A was negatively associated with fetal weight and head circumference, determined from
ultrasound measurements.12 The associations were observed only in the offspring of 80
women for whom 3 measurements of bisphenol A urinary concentrations during pregnancy
were used to assess exposure; no association was observed when only 1 (n=219) or 2 (n =
120) samples were used. This, together with studies showing high within-subject variability
in phenol urinary concentrations,1* highlights the potential impact of measurement error in
studies of bisphenol A effects relying on only 1 urine sample, although selection effects
cannot be ruled out as an explanation of the variations in effect estimates.12 Decreased BMI
at the age of 9 years in girls, but not boys, has been observed in association with prenatal
exposure to bisphenol A.13

Data are sparse regarding effects of the other phenols on prenatal and postnatal weight. In a
preliminary study, among a subsample of 191 male newborns from the French Eden
mother—child cohort, we observed a negative association between 2,4- and 2,5-
dichlorophenol and birth weight and a positive association between benzophenone-3 and
birth weight.1® These results were in agreement with another publication concerning male
newborns from New York City.10 No study has explored the effects of these phenols on
postnatal growth, nor simultaneously considered the growth continuum from conception
until childhood.

The objective of this study was to explore the associations between phenol exposures during
pregnancy and offspring growth from mid-pregnancy until 3 years of age in boys.
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The study population is a subgroup of the French EDEN mother—child cohort, which
consisted of 2002 pregnant women recruited before the end of the 28th gestational week
from the maternity wards of Poitiers and Nancy University hospitals (France) between April
2003 and March 2006. Exclusion criteria were personal history of diabetes, multiple fetuses,
intention to deliver outside the university hospital or to move out of the study region within
the next 3 years, and inability to speak French. Among the 2002 recruited women, 1899
gave birth to a singleton live birth, for whom we collected birth weight (eFigure 1, http://
links.lww.com/EDE/A801). We restricted the present analysis to boys (n = 998), with at
least 1 maternal urine sample available for phenol measurements (n = 983) and complete
data on prenatal (3 ultrasound measurements and biometry at birth, n = 779) and postnatal
growth (=4 measurements of weight and height within the first 3 years of life and present at
the 3 years clinical exam), for a final sample size of 520 mother—child pairs. Our choice to
focus on 1 sex was motivated by the fact that, in the context where sex-specific effects of
exposures are expected, 1913 a study restricted to 1 sex likely has a higher statistical power
than a study including both sexes in which 2 sex-specific analyses, with half of the initial
sample size, are conducted.

The EDEN cohort received approval from the ethics committee of Kremlin-Bicétre
University hospital. The involvement of the Centers for Disease Control and Prevention
(CDC) did not constitute engagement in human subject research. The participants gave
informed written consent for themselves and for their child to be part of the cohort.

Growth Assessments

We assessed biparietal diameter by ultrasound during pregnancy at on average 12.6
gestational weeks (12 weeks, 4.2 days) (5th-95th centiles = 11.1-14.0), 22.5 gestational
weeks (20.7-24.4), and 32.6 gestational weeks (30.6-34.2). The other measures of fetal size
(head circumference, abdominal circumference, and femur length) were assessed only
during the 2 last ultrasound examinations.16 We estimated fetal weight using the formula
from Hadlock et all’: log (fetal weight) = 1.3596 - (0.00386 x abdominal circumference x
femur length) + (0.0064 x head circumference) + (0.00061 x biparietal diameter x
abdominal circumference) + (0.0424 x abdominal circumference) + (0.174 x femur length).
Weight and length at birth were extracted from hospital maternity records. Infants were
weighed and measured at 1 and 3 years during standardized study-specific examinations.
Additionally, at 4, 8, 12, 24, and 36 months, mothers mailed questionnaires with the boys’
weight and height measures, as recorded in the child health booklet by health care
practitioners.

We used the Jenss nonlinear model to individually model child growth and predict weight
and height at 6, 12, 24, and 36 months.18 This model provided very good fit to the
observations in the EDEN cohort (eFigure 2, http://links.lww.com/EDE/A801) and was
meant to provide a height and weight estimate at exactly the same age for all subjects.1®
Head circumference was assessed in duplicate within 4 days after birth and at 3 years; we

Epidemiology. Author manuscript; available in PMC 2016 January 23.


http://links.lww.com/EDE/A801
http://links.lww.com/EDE/A801
http://links.lww.com/EDE/A801

1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Philippat et al.

Page 4

used the average of the 2 measures at each age. Because head circumference could be
distorted by the labor of giving birth, we preferred to use the measures of head
circumference performed a few days after birth rather than at birth. At 3 years, children’s
abdominal circumference was measured in duplicate and averaged. We computed average
growth rates between 2 successive measurements as growth rate = (measurement at t, —
measurement at t1)/(to — ty).

Biological Sampling and Exposure Assessments

Urine samples were collected between 22 and 29 gestational weeks. Women were asked to
collect the first morning urine at home before the hospital study visit. If forgotten, the urine
sample was collected at the hospital during the prenatal study visit. Urine samples were
aliquoted and stored at —80°C. Measurements of 2,4- and 2,5-dichlorophenol, bisphenol A,
benzophenone-3, triclosan, methyl-, ethyl-, propyl-, and butylparabens,2 and creatinine
were performed at the Centers for Disease Control and Prevention (CDC) in Atlanta, GA.
Depending on the phenol biomarkers, the coefficients of variation of about 60 replicates in a
period of 9 months were between 3% and 10% at concentrations ranging from around 2 to
70 ng/ml. Total paraben concentration (3 PB) was calculated by summing molar
concentrations of the 4 parabens.

Sample shipments to CDC and phenol measurements were performed during 2 periods.
Among the 191 male newborns in our previous study that assessed the associations of
phenols with male genital anomalies and birth outcomes (weight, height, head
circumference),1521 110 matched the inclusion criteria of the present study and were
considered here. Their urine samples were analyzed for phenols in 2008. In 2011, we
extended phenol measurements to the remaining 410 women matching the inclusion criteria
(eFigure 1, http://links.lww.com/EDE/A801). Year of analysis was taken into account in
statistical analyses (see below). The laboratory used the same analytic methodology to
analyze all samples.

Statistical Methods

For phenol biomarker concentrations below the limit of detection, we used instrumental
reading values. To allow In-transformation, instrumental reading values equal to O (ie,
indicative of no signal) were replaced by the lowest instrumental reading value divided by
the square root of 2. Concentrations were standardized for collection conditions: we first
studied associations between each In-transformed phenol concentration, sampling conditions
(hour of sampling, gestational age at collection, duration of storage at room temperature
before freezing, day of sampling, and creatinine concentrations), and analysis year (2008 or
2011) using phenol-specific adjusted linear regression models. We used the measured
urinary bio-marker concentrations and the estimated effects of collection conditions on the
measured urine concentrations (for conditions associated with urine concentrations with P <
0.2) to predict standardized concentrations, that is, concentrations that would have been
observed if all samples had been collected under the same conditions.?? This approach was
used with the aim of reducing variability in biomarker urinary concentrations due to
heterogeneity in sampling conditions. Unless otherwise specified, all reported concentrations
are the standardized values.
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We performed cross-sectional analyses to study the associations between phenol
concentrations, growth parameters measured at birth, and growth rates. We used linear
regression models with a random effect variable corresponding to the mother—son pair,23 to
study the associations between phenol concentrations and growth parameters measured by
ultrasound examinations during pregnancy and predicted during childhood. To allow for
effect-measure modifications throughout pregnancy, we included interaction terms between
phenol concentration and gestational age at outcome measurement (third-order polynomial)
estimated using the date of last menstrual period (LMP), or gestational duration assessed by
the obstetrician if it differed from the LMP-based estimate by more than 2 weeks.1>

Models for prenatal and postnatal growth were adjusted for maternal and paternal height
(continuous) and pre-pregnancy weight (continuous), maternal active (continuous) and
passive (yes/no) smoking during pregnancy, maternal education level (high school or less,
up to 2 years after high school, =3 years after high school), recruitment center, and parity.
The model for head circumference was additionally adjusted for the number of days between
birth and the assessment of head circumference. Analyses of postnatal growth were
additionally adjusted for breastfeeding duration (never, <3 months, >3 months). Crude
analyses are reported in eTable 1 (http:/links.lww.com/EDE/A801).

The effect estimates are reported for an increase by 1 interquartile range (IQR) of In-
transformed phenol standardized concentrations. Analyses in tertiles were conducted but are
not reported.

Sensitivity Analyses

In sensitivity analyses, models for postnatal weight were additionally adjusted for the
following: (1) birth weight, which is a potential intermediate factor in the pathway between
prenatal exposures and postnatal growth and was therefore not controlled for in main
analyses; (2) height predicted at the same age, to study the association with body mass; and
(3) child caloric intake at 4 or 8 months for models of weight at 6 or 12 months and more,
respectively. Caloric intake was computed based on 3-day dietary records at 4 and 8 months.
We ran models of head circumference based on the measurement performed at birth instead
of a few days after birth. For all outcomes, we performed sensitivity analyses excluding
women with pregnancy-induced hypertension (n = 25) or gestational diabetes (n = 28), using
biomarker concentrations not standardized for sampling conditions rather than the
standardized values, and using the actual postnatal growth measurements rather than the
values predicted by the Jenss model.

RESULTS

Population

Average maternal age was 29.7 years; most women (87%) did not smoke during pregnancy,
26% were overweight or obese (BMI > 25 kg/m2). Twenty-three of the boys (4%) were born
before 37 gestational weeks and 11 (2%) had a birth weight below 2500 g (Table 1). Women
in the present study were similar to all Eden women who delivered a boy, except for active
and passive smoking, which were less frequent in the present study (Table 1). The

Epidemiology. Author manuscript; available in PMC 2016 January 23.


http://links.lww.com/EDE/A801

1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Philippat et al.

Exposure

Association

Page 6

proportion of newborns with congenital abnormalities among the subsample of 520 boys of
the study population (5.2%) was similar to those observed among boys of the whole EDEN
cohort (4.8%).

Among the 397 women reporting the hour of urine collection, 268 (68%) collected their
urine before 8 am, 96 (24%) between 8 and 10 am, 30 (8%) between 10 am and 12 pm, and
3 (1%) after 12 pm. We detected 6 of the 9 target phenols in at least 93% of the samples
(Table 2). Relative changes in the median concentration of urinary biomarkers between the
samples analyzed in 2008 and 2011 varied between —14% (triclosan) and +22%
(methylparaben).

Between Phenols and Growth Parameters

We observed negative associations between (In-transformed) triclosan concentrations and all
of the anthropometric and growth parameters measured at the third ultrasound examination,
but not earlier in pregnancy (Table 3). At birth, triclosan concentration tended to be
negatively associated with head circumference (=1.2 mm for an IQR increase in In-
transformed triclosan concentration [95% confidence interval (CI) = —2.6 to 0.3]) but not
with weight (4.6 g [-49 to 58]) or height (-0.2 mm [-2.6 to 2.3]). Regarding prenatal
growth rate, triclosan concentration was negatively associated with biparietal diameter
growth between the first and second ultrasound examinations (-=0.03 mm/week [-0.07 to
0.00]) and with weight growth between the second and third ultrasound examinations (-3.3
g/week [-6.1 to —0.4]) and positively with weight growth between the third ultrasound
examination and birth (7.0 g/week [0.3 to 14], Table 4). Triclosan concentration was not
clearly associated with size parameters measured after birth (Table 3).

Concentrations of all parabens, as well as their sum, tended to be positively associated with
weight growth between the third ultrasound examination and birth (Table 4) and with weight
at birth, but not with estimated fetal weight at the second and third ultrasound examinations
(Table 3). Methylparaben were also positively associated with weight and abdominal
circumference at 36 months (Table 3, Figure). Regarding postnatal growth rate, parabens
tended to be positively associated with average weight growth between 12 and 24 months
and between 24 and 36 months, but not before 12 months (Table 4). The positive
associations between methylparaben and postnatal weight remained after adjustment for
child caloric intake and weakened after adjustment for birth weight (eTable 2, http://
links.lww.com/EDE/A801) or height (eTable 3, http://links.lww.com/EDE/A801).

We did not observe clear associations between bisphenol A and any of the prenatal and
postnatal measurements (Table 3). After adjustment for height, bisphenol A was not
associated with weight either at birth or at 6 months but tended to be positively associated
with weight at 12, 24, and 36 months (eTable 3, http:/links.lww.com/EDE/A801). The
effect estimates were 47 g (95% CI = —45 to 138), 76 g (—37 to 190), and 72 g (-67 to 211)
at 12, 24, and 36 months, respectively, compared with 23 g (=92 to 139), 38 g (-108 to 184),
and 35 g (-145 to 214) in the analysis not adjusted for child height. Additional adjustment
for child caloric intake did not change these effect estimates (data not shown).
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2,4-dichlorophenol was negatively associated with abdominal circumference at the third
ultrasound examination (-1.2 mm [-2.5 to 0.1]) and positively with this outcome recorded
at 36 months (2.3 mm [-0.2 to 4.9], Table 3). This phenol was positively associated with
weight growth between 24 and 36 months (0.9 g/weeks [0.1 to 1.8]) but not with weight
measured at 36 months (38 g [-107 to 183]). We also observed a positive association
between 2,5-dichlorophenol and head circumference at the third ultrasound examination (1.2
mm [0.0 to 2.3]).

We did not observe clear associations between benzophenone-3 and the studied growth
parameters (Table 3). When we used head circumference at birth rather than a few days after
birth, a positive association with benzophenone-3 was observed (1.0 mm [-0.2 to 2.3]),
which was not suggested with the measure shortly after birth (0.3 mm [-0.6 to 1.3]).

Our conclusions were not changed by excluding women with pregnancy-induced
hypertension or gestational diabetes or by using the nonstandardized phenol concentrations
(eTable 4, http://links.lww.com/EDE/A801) or the actual postnatal growth measures rather
than the values predicted by the Jenss growth model.

DISCUSSION

Within our population of male newborns, maternal urinary triclosan concentration was
associated with reduced fetal growth measurements late in pregnancy and with reduced head
circumference at birth. Parabens were associated with increased weight at birth but not with
estimated fetal weight during pregnancy. The positive association of methylparaben with
weight remained until 36 months.

Our study is the first to explore the effects of early-life exposure to phenols on growth from
early pregnancy until childhood. Strengths of our study are the prospective design (with
exposure assessment during the biologically relevant fetal period) and the use of repeated
measurements of growth during fetal and early postnatal life. The sample size is larger than
in previous studies.1912.15 |n our study population, about two-thirds of women collected
their urine sample before 8 am, which is likely to correspond to the first morning void.
Pooled urine samples are expected to provide a better estimate of exposure than spot urine
samples, but if spot urine samples are to be used, then there is no reason to consider that the
first morning void is better than other spot samples. Given their short half-life and the
temporal variations in exposure, hour of urine sampling is likely to influence phenol
biomarker urinary concentrations,24 and between-subject variations in urine sampling hour
constitutes an undesirable source of variability in biomarker concentrations.

In order to reduce this variability, we used a 2-step standardization method based on
regression residuals.22 This approach corrects each biomarker’s concentration so as to obtain
an estimate closer to what would be expected if all women had collected their urine at the
same hour. Because this approach is not common, we repeated our analyses using
concentrations not standardized for sampling conditions and this did not change our
conclusion.
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Because we used only 1 urine sample to assess phenol concentrations, our results might be
affected by exposure misclassification, which is a clear limitation, in particular for bisphenol
A (for which a high within-subject variability in urine concentrations has been reported
during pregnancy).1425 Higher reproducibility in urine concentrations has been observed for
the other phenols (intraclass correlation coefficients ranging between 0.5 and 0.6)14;
however, even with a correlation of this magnitude, a bias in the dose response is expected.
Assuming classical type error, the bias in the estimates from linear regression models
relying on a single urine sample is expected to correspond to an attenuation by a
multiplicative factor equal to the intraclass correlation coefficient (eg, a 40% decrease in the
estimated parameter for compounds with an intraclass correlation coefficient of 0.6).26
Finally, we performed many comparisons and cannot exclude chance findings.

The negative association between triclosan and head circumference at birth is consistent
with the results obtained in the subsample of 191 male newborns from the EDEN cohort, of
whom 110 were included in the present analysis.1® Head circumference is a predictor of
brain volume.2” In animals, triclosan disturbed the homeostasis of thyroid hormones, which
are required for fetal normal growth and brain development.28:29 In humans, to our
knowledge, no study has investigated the effects of triclosan exposure on thyroid hormone
levels during pregnancy.

Maternal urinary concentrations of parabens were associated with higher weight at birth and
during early childhood. This was explained by an effect on weight growth between the third
trimester of pregnancy and birth and between 1 and 3 years. In vitro, parabens have
estrogenic activities3%:31; they also promote adipocyte differentiation in murine cells by an
activation of the glucocorticoid receptor or the peroxisome proliferator-activated receptor
gamma.*> An effect on these nuclear receptors may increase susceptibility to gain weight
and might play a role in the positive associations observed with abdominal circumference at
36 months and with postnatal weight. To our knowledge, except for our previous study,1>
which did not find an association between parabens and birth weight (-3 g [95% CI = -39 to
33]), no other epidemiologic study has explored the associations between these chemicals
and growth.

A few studies have explored the effect of bisphenol A on fetal growth in humans; both
positivel®15 and negativel? associations have been reported. We did not observe any
association between this phenol and fetal growth measurements. However, because we used
only 1 urine sample to categorize exposure to this chemical, for which urinary
concentrations show high intra-individual variability, our findings could be affected by
classical type measurement error, which is expected to strongly bias dose—response
relationships toward the null.32 Regarding postnatal growth, 1 study has reported a positive
association between bisphenol A and waist circumference, BMI and the risk of being
overweight at 4 years, although not earlier in childhood.11 Another study of older children
did not observe any association with boys’ BMI or waist circumference at the age of 9
years.13 In our population, after height adjustment, bisphenol A tended to be positively
associated with weight at 12, 24, and 36 months. The main source of bisphenol A is diet.33
We cannot exclude the possibility that bisphenol A urinary concentration is a surrogate for
factors predictive of child overweight, such as maternal and child eating behaviors, which
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therefore constitute potential confounders. We were limited in our ability to control for
confounding by eating behaviors because we had only an estimation of the mother and child
caloric intake, rather than data on the type of food (canned, processed, or fresh) usually
eaten. In addition, data on food intake were collected by questionnaires, so that our
estimation is likely to suffer from lack of precision. Adjustment for the child caloric intake
did not affect the associations of maternal pregnancy bisphenol A concentration with child
weight, adjusted for height.

The negative associations between dichlorophenols and birth weight observed in our
previous studyl® were not replicated in this study with a larger sample size (520 vs. 191,
eFigure 3, http://links.lww.com/EDE/A801). Exposure levels did not strongly differ between
the populations; however, women in the present study were more educated and less likely to
smoke compared with the 191 women of the previous study; the distribution of unmeasured
factors confounding the associations between phenols and birth outcomes also could have
differed across subpopulations. Differences in findings between our 2 studies might also be
explained by random variations or exposure measurement errors resulting from the use of 1
urine sample to assess exposure to chemicals with a short half-life.

In conclusion, our study lends support to potential effects of some phenols on prenatal and
early postnatal growth. However, because of the short half-life of the studied phenols and
the likely episodic nature of the exposures (in particular bisphenol A), our findings based on
concentrations of the target biomarkers in a single urine sample may be affected by exposure
misclassification. Replications are needed in other populations with large sample size and
improved assessment of exposure to phenols.

Supplementary Material
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Figure.

Adjusted associations between maternal urinary concentrations of phenols and weight (A) at
birth and (B) at the age of 3 years (Eden cohort, 2003-2006, 520 male newborns). Effect
estimates are given for an increase by 1 IQR of In-transformed phenol standardized
concentrations. Adjustment factors for the birth weight analysis: gestational age, maternal
and paternal height, pre-pregnancy weight, maternal active and passive smoking during
pregnancy, maternal education level, recruitment center, and parity. Adjustment factors for
the analysis of weight at 3 years: maternal and paternal height, pre-pregnancy weight,
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maternal active and passive smoking during pregnancy, maternal education level,
recruitment center, parity, and breastfeeding duration.
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Characteristics of the Study Population (PEnDevE) and Comparisons with the Whole EDEN Cohort

Delivering Boys

All Male Newborns,

EDEN Cohort (n = 998)2

Women of EDEN Cohort Included in
PENDevE Study (n = 520)P

Women of EDEN Cohort Include
Gona_PE Study (n = 191)¢

Characteristic No. (%) No. (%) No. (%)
Maternal age (years)
<25 200 (20) 85 (16) 35 (18)
25-29 378 (38) 200 (38) 71 (37)
30-34 285 (29) 159 (31) 57 (30)
>35 135 (14) 76 (15) 28 (15)
Parity
0 436 (44) 248 (48) 72 (38)
1 374 (37) 192 (37) 75 (39)
22 187 (19) 79 (15) 44 (23)
Missing 1(0) 1(0)
BMI (kg/m?)
<185 92 (9) 45 (9) 19 (10)
18.5t0 24.9 634 (64) 331 (64) 115 (60)
225 251 (25) 137 (26) 54 (28)
Missing 21(2) 7(1) 3(2)
Maternal education
<2 years after high school 459 (46) 211 (41) 95 (50)
High school + 2 years 219 (22) 124 (24) 39 (20)
=>High school + 3 years 297 (30) 178 (34) 51 (27)
Missing 23(2) 7(@) 6 (3)
Active smoking (cig/day)d
0 827 (83) 453 (87) 159 (83)
1105 82 (8) 39 (8) 15 (8)
>5 86 (9) 27 (5) 17 (9)
Missing 3(0) 1(0)
Passive smoking
No 711 (71) 411 (79) 131 (69)
Yes 278 (28) 108 (21) 59 (31)
Missing 9(1) 1(0) 1(2)
Center
Poitiers 533 (53) 312 (60) 91 (48)
Nancy 465 (47) 208 (40) 100 (52)
Gestational duration
<37 gestational week 63 (6) 23 (4) 5(3)
>37 gestational week 935 (94) 497 (96) 186 (97)

Birth weight
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All Male Newborns,
EDEN Cohort (n = 998)&

Women of EDEN Cohort Included in
PENDevE Study (n = 520)P

Women of EDEN Cohort Include
Gona_PE Study (n = 191)¢

Characteristic No. (%) No. (%) No. (%)
<2500 g 47 (5) 11 (2) 4(2)
>2500 g 951 (95) 509 (98) 187 (98)

Year of birth
2003-2004 560 (56) 286 (55) 89 (47)
2005-2006 438 (44) 234 (45) 102 (53)

Breastfeeding
Never 270 (27) 135 (26) 51 (27)
<3 months 422 (42) 209 (40) 84 (44)
>3 months 298 (30) 176 (34) 56 (29)
Missing 8 (1) 0 (0) 0 (0)

Gona_PE indicates study aiming at studying the associations between phenols, male genital anomalies, and birth outcomes among 191 male
newborns from the Eden cohort.

aSingleton live births.

bStudy population of this paper

CStudy population of the birth outcome analysis published in 2012.8

dSecond trimester of pregnancy.

Epidemiology. Author manuscript; available in PMC 2016 January 23.



Page 16

Philippat et al.

"UO19318p JO W] Sa1edIpUI 40T

960 19 12 aoT> 65 0¢ ao1> 8 20 uaqesedifing
160 672 T S0 LT€ IT 90 66 20 uagesed|Adoid
€60 99 9€ ao1> 4] L'y ao1> €. T uagesediAyg
60 GSTT 10T €8 020z zat 78 00T T uaqesediAyaIN
660 zeL 6¢ aoT> as. 0¢ aol> 18 €e uesofou L
60 1L €c aol> a8 AT aol> €6 7’0 g-auousydozuag
680 8'8 vz 80 1T §c L0 66 7’0 Vv [ousydstg
960 S0€ 16 8T 162 8'6 91 00T 2’0 louaydoioyola-s'z
160 8'6 0T €0 10T 0T €0 86 2’0 lousydoioyaia-+'z

SUOITRIIUBOU0D 156 05 ws yse  Yl0s s aol<% (/o) sjouayd

painses|n pue aon

pazipJepuels (77/61) s8jusdIad (7/61) sejnuadsad

usamlag uone|aliod
ueweads

suolleaausduo) pazipJepuels  SUOIIBAIUUOD painses|n

(02S = U ‘9002—£00Z ‘1oy0D Usp3) auLIN [RUIBIRIAl Ul SIa3JewWolg [ousyd JO SUONRIUSIU0D
¢39l|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Epidemiology. Author manuscript; available in PMC 2016 January 23.



Page 17

Philippat et al.

(Lze
(oty (or¢ (982 (soy 0109'2-) (202 8Lzm (820
01/6°0-) /ST 01€60-)ZFT  0168T-)670  OIyE0-) 98'T 9T'0- 01 TT'T-) 870 6TT-)6.0 (LT'T01/92-)SL0- 019€'2-) 60— yug vy
(ww)ybus
(To0 (800
(evo (TTo (ro (rzo 0159°0-) (Lzo 01 9%°0-) (800
01GZ'0-) 600  01g§-)020-  018T0-)¥T'0  019€°0-) 90°0- z€0- 019T0-) S0'0 6T0- (92°001 22°0-) 000 01G€0-) ET0- punoses}n pig
(820
(T70 (620 (se0 (Te0 01 0€°0-) (To (8g'0 01 (sT0
010z2°0-)0T'0  01GZ'0-)20'0  03ZZ'0-) 200 0+ TZ'0-) SO0 10°0- 0112°0-)200-  600-)¥T0  (62°001LT°0-) 900 0122°0-) ¥0'0- punoses|n pug
(ww) yabus| jeaows
(920
(TeT01 (68T (0T O (88T 0108'2-) (180 (05T 01 (260
T¥'¢-) 65°0— 0167’ T-) 020  S¥'2-) TL0- 0} 2€'T-) 82°0 20T- 0116 T-)GE0-  EFT-)€00 (67T OIGET-) 200 01 GE'T-) 6T°0— syuow 9¢ v
(eg0
(es'T (T2 (85T (8v'T 01€92-) (eT (LeT 01 (120
019'T-) 000 016/°0-)¥90  01Z€T-)0T0 O TZ'T-)ETO 0Z'1- 0} €9°0-) ¥€'0 S0'T-) 9T'0 (ZTO91'T-) 200 0} 12'T-) G2'0— UuIg I
(820 (950
(892 (trt (812 (te'T 01692-) (LzT 0198°T-)
01/€0-)STT O01ZT'T-)0E0  01E€L0-)EL0  OIGET-) Z00- 121- 01 89°0-) 62°0 G9'0- (2£'201000) 6T'T (£0°'T 0388°0-) 0T'0 punosen|n pig
(ogz (tTT (812 (17’1 (seT01 (280 (05T 01 (150
01 TF'0-) G660 O01EET-)TT0- O yE0-) 260  0168°0-)920  €2T-)900 OITTT-)L20-  090-)G70  (2T'T01060-) IT0 01 ¥T'T-) 2€0- punosenn pug
(ww) souaJtaywinaaI pesH
(v00 (9T°0
(¥80 (ze0 (050 (1€°0 01 680-) (zv0 0109°0-) (Lz0
010T0-) LE0 01950-)ZT0- 01070-)S00  01TS-)OT'0- r0- 0}6T°0-) IT'0 2z 0- (€900 TT°0-) 92°0 01 €€°0-) €0°0— punosen|n pig
(ez0 (Lzo
(020 (80 (Lv0 (or0 01€5°0-) (eT0 01 G£'0-) (To
0180°0-) TE0  01¥€0-)200  01/2°0-)0T'0  018Z°0-) 900 GT'0- 0} /€'0-) 2T°0- 00— (Lz001EE0-) €0°0— 01 2€'0-) L0'0— punosenn puz
(szo
(Te0 01 (¥eo (0g°0 03 (80 (87°0 03 (ez0 0182°0-) (€10
9€'0-) €0°0— 0182°0-) €00  €£0-) T0°0- 0102'0-) 600  LT°0-)9T0 0} 67°0-) 200 10°0- (ST°001 £E°0-) TT'O- 01 0€'0-) 60°0— punosenn 1T
(ww) 4818wWelp |e1attedig
(10 %s6) § (10 %s6) § (10 %s6) ¢ (10 %s6) ¢ (10 %s6) ¢ (10 %s6) ¢ (10 %s6) § (10 %s6) 9 (10 %s6) ¢ Jg18Wesed ymolo
usqgesedjAing  uaqesedjAdoud uaqeded|Aylg  usqededjAylsN uesofol | ¢-auousydozuag Y |ousaydsig  Ajousydouao|ydig-g'z  jousydoaojydig-v'¢

spunodwo) dljouayd

Author Manuscript

€9|gelL

Author Manuscript

Author Manuscript

(9002
—£002Z ‘10Yy0D uap3 ‘SUIogMaN 3B 0ZS) 9ZIS |B1eUISOd pUR [eIeuUald pue SUOIBIUSIU0D AJRULIN [BUISIRIA [OUSYd UaMIag SUOIRIJ0SSY paisnipy

Author Manuscript

Epidemiology. Author manuscript; available in PMC 2016 January 23.



Phge 18

(vor (89 (L2¢ (68¢ (ove 01 (08T (¥Tz 08
01€'Gh-)6/T  Ol¥'6h-)6ST  OITOT-)EIT  0188'€-)€6T  £0T-)6TT 010TT-) 6'V€ SyT-)Sve  (9yz 0160T-) ¥'89 (€8T 01 L0T-) ¥'8E gSupUowW 9e IV
(v62 (g8 (612 (282 (svz o (2Lt (¥8T 01
01ZTL-)TIT  O0EES-)9TT  018ZT-) €Sy  016T€-) 82T  vIT-)9G9  01€29-)6'vS  80T-) 08 (ISTO9ET-)G9L  (E0T 01 ZET-) ¥'vT- gsuow vz v
(00z (e1z (ovT (80z (#9T 01 (8vT (6€T 01 (L85
OITT6-)SYS  O16VS-)T6L  OIGET-) 09T O p'Sy-)TT8  02T-)6TC  OVLLE-)6WS vee-)eer  (0T6ONOET-)STe- 01 /TT-) OhE- gSuou e v
(LT (881 (621 (81 (teT o (201 (e'sg a1 (Z79
01079-)8SS O1¥/z-)T08 01626-)8.T O01G9T-)€G8  L'S6-)GLT  O1§0v-) L'€€  TOT-)0LZ- (9'G801.'G6-)60G-  O16'€8-) 08'6- gStpuow 91v
()44
(901 (9°66 (zot (rv8 (e85 01 (ots 019°Gp-) (z'62
0169G-)T0S 01¥9€-)08y 01TZC-) 667  01GZI-)09€  0'6v-) 09 01 6'8T-) 09T 08'T- (8'Sv7 01 6°8¢-) 9F'€ 01 0'0%-) 0%'S- uug vy
(85'8-
(6'05 (981 (T6e 08 (e6T 018°79-) (rve (8ez (80°T
0196'€-)G€C 01€2e-)089- TET-)00ET  01G'82-) T9 V- z'se- 01 /°0T-) 68'9 €02-) ST (Fy2012'8T-) 90°€ 01 /°¢€-) £9T- punoseunn pig
(zoz
(T'sz (68T (96T 08 (g1 010'%2-) (L€t (x40 (81T
01/T2-)0LT OITE€Z-)0T'e- L'€2-)0T'Z- 01222-) Eve- 16'T- 01ZGT-) €0~  8TI-)¥E9 (LT 01ZLT-)v20 0159T-) /E'2- opunosesn pug
(6) ybrom
(99°2 (vo'L (695 (59°2 (es9 01 (tre (18c 01
01€7°0-) T9E  010€0-) LEE  OITET-) 68T 010.°0) 8T'¥ 12'T-) 99°C 019€'T-) 8T'T 152-)290  (Lzsor160-)8TZz (987 016T°0-) ¥E'C syjuow 9¢ I
(Lyo-
(62°€ (o171 wre (18T 01 TEY-) (291 6Lz 01 (500
01/90-)IET O01T6T-)800- 01g0T-)98°0  01$9'T-) 60°0 6€C- 0} /8'0-) 0¥°0 9e'0-) 22T (6V'T 0185°T-) SO°0- 0} /¥'2-) T2 T- punoseunn pig
Utz (ge'T (zsT 01 (eeT (L1010 (zzT (9rT01 (880
012ZT-)/y0  01897T-)9T0- TI9T-)G00- 01€GT-)0T0- 2¥TI-)LT0  01/80-).T0 98'0-) S0 (OVTO1ZTT-) ¥T°0 019T'T-) ¥T°0- punoses}n pug
(Www) 89UBIBJWINIIIY [RUILLOPOY
(voz
(16°2 (65°S (0s'g (292 (6L7 01 (sey 01 TH'S-) (182
01Gy'T-) €€ O0180E-) 92T  OIgye-) ¥OT  OITG0-)8SE  OFp—) 610  01G9T-) GET 89'T- (06°€ 0} L¥'€-) 220 01GT'e-) ¥T°0- gSupUowW 9e 3V
(99°¢ (or'T
(se9 (evy (TTy (96's 01 T0'p-) (69°€ 01 ¥8'%-) (8T
010ST-)2r'z  01282-) 080 OIYEE-)6E0  0188°0-) ¥S'T LT0- 012€'T-) 8T'T LT (cgzoreee-)9z0-  018T'E-) L9°0- o (2
(962 (95°T
(L (sr¢ (662 (28 01 0t'e-) (062 01 59°¢-) (es'T
010T'2-)8T'T  01822-)EL0  O01TZ-)TT0-  01880-) /6T zz0- 0192'T-) 280 S0'T- (62201T82-)9Z0A 01 €9°Z-) GG'0- gStpuow T Iv
— (otz
S (88e (v6'€ (66°2 (oL (cLzon (zsC 01 /£2-) (Lt
B6/T-)S0T  01ZTT-)IET  OIEET)EED  OIZTO-)ZET  TLT-)000  OHWOT-) 1.0 vT°0- (55701 T8'T-) €0 016.°T-) T0'0- gStuow 91v
m_o %56) ¢ (10 %s6) § (10 %s6) ¢ (10 %s6) ¢ (10 %s6) ¢ (10 %s6) ¢ (10 %s6) ¢ (10 %s6) § (10 %s6) § J318Weled Yymolo
@.mo_mhma_Bsm_ uaqetedjAdoud usaqgetedjAylg  uaqeded|AYIsIN uesojoll]  g-suousydozuag Vv |ouaydsig Ajousydoaojydlg-G'z  |ousydodolydig-y'e

spunodwio) d1jousyd

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2016 January 23.

Epidemiology. Author manuscript;



Page 19

Philippat et al.

‘yB1am |e1ay patewins3

'saInseaw pajeadal Wwoly [9po 3AIND Ymoah ssuar Ag paroipald Ajjenpiaipul EoEEmn_g

*Aired pue ‘uoireinp Buipaayisealq ‘18juad Juawlinioal ‘[9As] Uo1eInpa Jeutsrew ‘Aosueubaid Burinp Buiyows anissed pue aAnoe jeulsrew ‘ybiam

Aoueubaid-aid ‘yybiay eusared pue [eutsrew Joy parsnipe atam ymolh [ereursod 10§ S|9POIA "82USISLINDIID PeaY JO JUSLLSSASSE aU) PUe Uuig Usamiag SAep Jo Jagquinu ay) 104 palsnipe Ajjeuonippe sem yuiq
1€ 90UaJBJWINDIID peay J0} [apow 3y “Aliied pue ‘uswainsesw Je abe [euoneisab ‘I81usd JuUaWINIdaL ‘|aAd] uoieanpa Jeularew ‘Aoueubaid Burinp Buiows anissed pue aande jeusarew ‘ybiam Aoueubaid
-a.1d ‘yBiay Jeussied pue [eulsyew Joy paisnipe alam ymmolb [ereusid J0) S|POIN "SUOITRIIUSIUOD PAZIpJepuels jousyd pawiojsues-uj ayl Jo YOI T Ag 8sealoul Ue 10j papiodal ale Sajewiss 19919 ay I

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Epidemiology. Author manuscript; available in PMC 2016 January 23.



Page 20

Philippat et al.

qiublam
(eg0 (9z0 (ze0 (zeo (10°0- 01 (TT0 (8z0m (800
01600-)2T0  012T0-) .00  01/0-)ET0 O yT0-)¥00  O¥0-)TZ-  O01GT'0-)200-  S0°0-) TTO 0142'0-) 80°0— (20001 €2°0-) TT- punosesn pig o3 puz
BOUBIBJNILID [eUILIOP]Y
(€00 (c00 (€00 (¥00 (€000 (To0 (zo0 01
0110'-)T00  01T00-)TO0  01T0-) TOO 01000) 200  200-)000  0}TO0-) 000 200-) 000 (20001 T00-)T0'0 (200 02 00°0) TO'0 syluow 9¢ 0} 2
(100
(¥00 (c00 (€00 (€00 (zo001 (zo0 01 €0°0-) (To0 (To0
01T00-) TO'0  0120°0-) 000  03Z0'0-) 000  01Z00-)TO0  €0-)TO0-  0120°0-) 000 10°0- 01€0°0-) TO'0— 0120°0-) T0'0— syuowW g 03 g1
(500 (€00 (€00 03 (€00 (0001 (€00 (100 03
0190°0-) 000  ©03.0°0-) 200-  L0°0-) 20°0- 0190°0-) T0'— LO'A) TO- 01£0"-) 000 L00-) €0'- (10001 20-) €00~  (T0°0 01 90'-) 200~ syjuow g1 01 9
(900
(60°0 01 (z00 (100 (800 01GT°0-) (600 (€00 03
€T°0-)200-  018T°0-)80°0- OITT'0-)000 O}TT'0-) 00— G0°0- 01 70°0-) 200 ¥1'0-)90-  (TT°'00160°0-) €00 (0T'0 0} ¥0'0-) €0°0 syuow 9 01 0
©9ZIS
(zo0 (000
(so0 (e00 (so0 (€00 0150°0-) (€00 01 60'0-)
01200-)T00  01%0'-) 000  01T00-) 200  01€0°0-) 000 10°0- 0120"-) 00°0 20°0- (100001 70'-) 20'0-  (20°0 03 €0°-) 00°0 punoseun pig 031 pug
pUbus| [eaowsS
(00
(800 (sTo (TT001 (820 0} #17'0-) (620 oo (900
01690-) T€-  0166-)0Z0-  T90-)GZ0-  016€0-)S0- L0°0- 0167°0-) S0°0 ¥7°0-) 9T°0 0125°0-) £2°0- (zToorge-) 21— yuIg 0} punoseiin pig
(ez0 (9z°0 (1270 (sT0 (60°0 03 #T0 (80°0 03
0} TT°0-) 900 01G0'-) 0T°0 0} TT'-) 500 0} ¥T'-) T0°0 €2°-) L00-  01/0°0-) €00 6T°0-)G0'-  (02°00390°0-) 200 (9T°0 03 ¥0'0-) 90°0 punosen|n pig 03 pug
9UBIBJWINIIIY peaH
(z00
(900 (#00 (900 (¥00 (zo001 (¥00 01 90°0-)
01 ¥0-) T0°0 01 ¥0°0-) 00°0 01£0-) T0'0 01 70'-) 000 10"-) €0'— 01 20°0-) T0'0 20'0- (9000170-) 200 (Y0003 20"-) TOO punosesin pig 0} pug
(000
(900 (z00 (¥00 (zo0 01/0°0-) (To0 (€00 01
01T0°0-) €00 0} $0°0-) TO'0- 01€0°0-) TO0 01 ¥0°0-) TOA €0°0- 01€0°0-) TO0-  €00-) 000  (#0'00120°0-) TO'0 (2000} 20°0-) 000 punosesn|n pug 03 1sT
pda18Welp [e1aLredig
(12 %s6) § (1D %s6) ¢ (10 %s6) ¢ (10 %s6) ¢ (10 %%6) ¢ (10 %s6) § (10 %s6) § (12 %s6) ¢ (10 %s6) ¢ a1ey LMoo
uaqesed|Aing  uaqesedjAdoud uaqeded|Aylg  usqededjAylsiN uesofoldl  g-suousydozuag ¥ [ousydsig  |ousydoaoydlg-G'z  |ousydoiojydig-v'e

Author Manuscript

(9002—£002 ‘M0Y0D UBpPT ‘sulogMaN 8B 02S) 1By UIMOIS pue SUOIRUSIU0D ATeulin [eUsIBIA |ouayd U8amiag SUoNeIdossy paisnipy

¥ alqel

Author Manuscript Author Manuscript Author Manuscript

Epidemiology. Author manuscript; available in PMC 2016 January 23.



Page 21

Philippat et al.

'SUOIIRIIUIU0I pazipsepuels jouayd pawiojsue-u] 40 YOI T Ag asealoul yaea 1oy parewnisa (¥eam/B) ares yimodb ui sabueyd 01 spuodsaliod ¢

q

'SUOIIRIIUIU0I pazipsepue)s jouayd pawiojsuesl-u) 40 YOI T Aq asealoul yaes Joj parewnss (¥aam/ww) ajel yimolh ur sabueyd 0y spuodsariod um

‘Aired pue ‘uolyeinp
Buipasjisealq ‘191Uad JUBWIINIDAL ‘|8A3] UONRINPA Jeulatew ‘Aoueubald Bulinp Buijows aalssed pue aAnoe eulsiew ‘ybiam Aoueubaid-aid ‘lybiay eulared pue [eussrew Joy paisnipe atam yiwmolh [ereuisod
10} S|9POIA "32UBJBJWINDIID PeaY JO JUBWSSASSe ayl Pue YHIg uaamiag SAep Jo Jaguinu sy} Joj palsnipe Ajjeuonippe Sem yuig Je adUaiajinaild peay Joj [apow ay L "Aled pue ‘Juswainsesw Je abe [euonelsah
*18JU82 JUBWIINIJAI ‘|A8] UOITRINPa [eusdrew ‘Aoueubiaid Burinp Buiyows aaissed pue aande [eusarew ‘ybram Aosueubaid-aid ‘ybiay feussred pue [eussrew 4oy paisnipe atam yimolb jereussd 1oy S|apon

(092 (zee (672 (052 (L6101 (zzo @8rT
0120™-) 62°T 0197°0-) €0'T 0150°0) L2T 0162°0) 8T ¥YS-)TL0  01/€T-)G50- 0168'-)ST0  (€6'T01L0-) €60 (52'T012T°0) ¥6°0 syuow 9¢ 01 2
(cze (00'z (06'T (vo'z (zL 101 (190 (1570
0187'°0-) /650  01/2°0-) /80 01G¢'-) €20 01 TT°0-) 260 19-) €50  0196°0-) LT0-  970-)260  (2€T0109-)9e0 (60T 0187°0-) TE0 SyjuoW 7z 01 2T
(281 (z0z (6€T 01 (62T (v0'z 01 (002 (96'z 01 (06°0
01€€¢-)92- O9LT-)ET0  0§¢-)950-  0162T-)000  €6T-)S00  01090-) 0.0 0£0-) €T 0182'2-) 69°0- (sro0vTz-) S8~ syjuow T 03 9
re
(¥8°€ (eze (sTZ (evy (85 01 (e0e 01 6T°€-) (86T (TT2
01GE'-)GZ'0  010E€-)€00- 01/G-)TZT-  O019/-)vET  8Z-)S8- 0} /¥'-) 80 9g°0- 011G°€-) LL0- 018€°2-) €T°0- syluow 9 01 0
(zre
(Ter (L€t (ret (zT1T (LeTor (Te9 01 T¥'/-)
01G6'-) 60°'G 01€8°0)¥2’ L  019/.°0-)I8°G 010€'-) 92°G €€°0) €0°L 01052-) 06'T v8'1- (86°G019T'6-)T20 (95901 TZ'-) 8T Uu1g 0} pUNoSes)n pig
(70—
(18v (L9 ury (Lez 0121'9-) (602 (4% (sv0
01Z2T-)08'T 01Z8Z-)L00-  019%)GET 0128'2-) €2°0- 9ze- 0169'T-) 020  01T9-)G.0 (0070} L52-) 62 - 0182°¢-) TV'I- punosen|n pig 0} pug
(10 %%6) § (10 %36) ¢ (12 %S56) § (12 %56) § (12 %56) (12 %56) § (12 %56) § (12 %56) § (12 %s6) arey ymmolo
uagededjAing  uaqededjAdodd uaqeded|Ayl3  usqesedjAylaiN ueso|ol | ¢-auousydozuag VW |ousydsig jousydoao|ydidg-gz  |ousaydoaolydid-v'eg

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2016 January 23.

Epidemiology. Author manuscript;



