Asthma and lower airway disease
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Background: There is growing concern that prenatal exposure
to bisphenol A (BPA) and phthalates, which are widely used in
consumer products, might affect susceptibility to infections and
the development of allergy and asthma in children, but there are
currently very few prospective studies.

Objective: We sought to evaluate whether prenatal exposure to
BPA and phthalates increases the risk of respiratory and allergic
outcomes in children at various ages from birth to 7 years.
Methods: We measured BPA and metabolites of high-molecular-
weight phthalates, 4 di-(2-ethylhexyl) phthalate (DEHP)
metabolites (X4,DEHP) and mono-benzyl phthalate (MBzP), and
3 low-molecular-weight phthalate (LMWP) metabolites
(Z;LMWP) in urine samples collected during the first and third
trimesters in pregnant women participating in the Infancia y
Medio Ambiente-Sabadell birth cohort study. The occurrence
of chest infections, bronchitis, wheeze, and eczema in children
was assessed at ages 6 and 14 months and 4 and 7 years through
questionnaires given to the mothers. Atopy (specific IgE
measurement) and asthma (questionnaire) were assessed at ages
4 and 7 years, respectively.

Results: The relative risks (RRs) of wheeze (RR, 1.20; 95% ClI,
1.03-1.40; P = .02), chest infections (RR, 1.15; 95% CI, 1.00-
1.32; P = .05), and bronchitis (RR, 1.18; 95% CI, 1.01-1.37;
P = .04) at any age increased for each doubling in
concentration of maternal urinary BPA. Z,DEHP metabolites
were associated with the same outcomes (wheeze: RR, 1.25;
95% CI, 1.04-1.50, P = .02; chest infections: RR, 1.15; 95% CI,
0.97-1.35; P = .11; bronchitis: RR, 1.20; 95% CI, 1.01-1.43;
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P = .04). MBzP was associated with higher risk of wheeze
(RR, 1.15; 95% CI, 1.00-1.33; P = .05). The risk of asthma at
age 7 years was also increased with increasing prenatal BPA,
34,DEHP, and MBzP exposure. There were no other
exposure-outcome associations.

Conclusions: Prenatal exposure to BPA and high-molecular-
weight phthalates might increase the risk of asthma symptoms
and respiratory tract infections throughout childhood. (J
Allergy Clin Immunol 2015;135:370-8.)

Key words: Bisphenol A, phthalates, eczema, wheeze, chest

infections, bronchitis, asthma, specific IgE, atopy, children

The increasing prevalence of asthma and allergic diseases over a
relatively short period of time' has raised concerns about the poten-
tial role of environmental pollutants.” Certain pollutants have been
suggested to affect susceptibility to infections and development of
allergy and asthma during the first years of life, including com-
pounds commonly used in plastic manufacture.'” In recent years,
researchers have focused on bisphenol A (BPA) and phthalates
because of their potential immunomodulatory capacities® and
the possible effects of these compounds on the development of
the respiratory system during fetal life.” BPA and phthalates are
produced and used in large quantities worldwide and are present
in awide range of consumer products, including cosmetics, plastics,
carpets, building materials, toys, and cleaning products.®® The
main routes of exposure for the general population are diet (for
BPA and high-molecular-weight phthalates) and personal care
products (for low-molecular-weight phthalates [LMWPs]).g'l !

The prenatal period is critical in the development of the
immune and respiratory systems, and potential harmful effects of
toxic pollutants during this period might result in long-lasting
impaired capacity to fight infections and increased risk of allergic
manifestations later in life.'*"'® Although there is some evidence
of the immunomodulatory properties of both BPA and phthalates
in animal and in vitro models,'”"'? there is limited evidence of
their health effects in susceptible human populations, such as
children. Results of previous studies have been inconsistent,
mainly because of the use of cross-sectional or retrospective study
designs or the use of environmental rather than biomarker-
assessed exposure estimates.''?"?” In fact, only 3 prospective
birth cohort studies have assessed prenatal BPA*?" or
phthalate®® exposure in biological samples (maternal urine).

The aim of the present study was to evaluate whether urine
biomarker measurements of BPA and phthalates during
pregnancy are associated with increased risks of respiratory and
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Abbreviations used
BPA: Bisphenol A
DAG: Directed acyclic graph
DEHP: Di-(2-ethylhexyl) phthalate
INMA: Infancia y Medio Ambiente
LMWP: Low-molecular-weight phthalate
LOD: Limit of detection
MBzP: Mono-benzyl phthalate
MECPP: Mono-(2-ethyl-5-carboxypentyl) phthalate
MEHHP: Mono-(2-ethyl-5-hydroxyhexyl) phthalate
MEHP: Mono-(2-ethylhexyl) phthalate
MEOHP: Mono-(2-ethyl-5-oxohexyl) phthalate
MEP: Mono-ethyl phthalate
MiBP: Mono-isobutyl phthalate
MnBP: Mono-n-butyl phthalate
RR: Relative risk

allergy outcomes in children at various ages from birth to 7 years
in a longitudinal birth cohort study.

METHODS
Study population

Pregnant women from the general population were recruited into the
Infancia y Medio Ambiente (Environment and Childhood; INMA) birth
cohort set up in Sabadell (Catalonia, Spain) between 2004 and 2008 (n = 657).
Protocol details are described elsewhere.”’ Briefly, women were recruited dur-
ing the first trimester’s routine antenatal care visit in the main public hospital
or health center of reference if they fulfilled the inclusion criteria: age of 16
years or greater, intention to deliver in the reference hospital, singleton preg-
nancy, no assisted conception, and no problems with communication. The
study was conducted with the approval of the hospital ethics committee,
and written informed consent was obtained from the parents of all children.

Respiratory and allergy outcomes

Interviewer-led questionnaires given to the mothers collected information
on the occurrence of wheeze, chest infections, and eczema in the offspring at
ages 6 and 14 months and 4 and 7 years. The questionnaire was the Spanish or
Catalan version of the validated International Study of Asthma and Allergies
in Childhood questionnaire, depending on the primary language of the
mother.**! Information on bronchitis was obtained at 6 and 14 months and
4 years of age. The occurrence of chest infection (or bronchitis, respectively)
was defined as a positive answer to the following question: “In the last 6
months (or 12 months if asked at ages 4 or 7 years), has the doctor told you
that your child has had a chest infection (or bronchitis, respectively)?”
Wheeze was defined as a positive answer to the following question: “Has
your child ever experienced whistling or wheeze from the chest, but not noisy
breathing from the nose in the last 6 (or 12) months?” At age 7 years, wheeze
was defined as a positive answer to the following question: “Has your child
ever experienced whistling or wheeze from the chest in the last 12 months?”
At 6 and 14 months and 4 years of age, the occurrence of eczema was defined
as a positive answer to the following question: “In the last 6 (or 12) months,
did your child have atopic eczema?” At age 7 years, eczema was defined as
a positive answer to the following question: “Has your child ever had any itchy
rash which was intermittently coming and going at any time in the past 12
months?” In the 7-year questionnaire, mothers were also asked about the
asthma status of their children with the following questions: “Has your child
ever been diagnosed by a doctor as having asthma?” and “Has your child ever
taken medication for asthma or respiratory difficulties (chest tightness, short-
ness of breath) in the last 12 months? If yes, please specify which treatment/s.”

In this study we classified a child as asthmatic if the mother reported: (1)
ever doctor-diagnosed asthma, (2) asthma treatment in the last 12 months, or
(3) wheeze in the last 12 months at the age of 7 years plus wheeze in at least 1
of the other previous follow-ups.*” At age 4 years, we measured specific IgE
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levels in children by using the RAST in 2 solid phases (IMMULITE; Siemens,
Munich, Germany). Children were classified as atopic if they had IgE
levels of 2 kU/L or greater to any of the following common allergens:
Dermatophagoides pteronyssinus, cat epithelium, and Phleum pratense.

Exposure variables

Spot urine samples of mothers were collected at 12 and 32 weeks’ gestation
and stored in 10-mL polypropylene tubes at —20°C. Creatinine levels were
determined at the Echevarne Laboratory in Barcelona (Spain) by using the Jaffé
method (kinetic with target measurement, compensated method) with a Beck-
man Coulter (Fullerton, Calif) reactive in AU5400 (IZASA, Barcelona, Spain).

BPA concentrations in urine were determined in the Department of
Analytical Chemistry, University of Cordoba (Spain), as previously
described.” Total BPA (free plus conjugated) was quantified by means of
liquid chromatography mass spectrometry with a limit of detection (LOD)
of 0.1 pg/L. A subset of samples (n = 10) was analyzed for free BPA without
enzymatic hydrolyses to rule out external contamination or degradation of the
conjugates. Free BPA, if detected at all, represented less than 10% of total BPA
in these samples, indicating that external contamination was unlikely.’”**
Therefore we regard the total BPA level in urine as a valid biomarker of
BPA exposure (see Casas et al” for further information). Urine concentrations
of a total of 8 phthalate metabolites were quantified in the Bioanalysis
Research Group at Hospital del Mar Medical Research Institute (IMIM,
Barcelona, Spain): mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP);
mono-(2-ethyl-hexyl) phthalate (MEHP); mono-(2-ethyl-5-oxohexyl)
phthalate (MEOHP); mono-(2-ethyl-5-carboxypentyl) phthalate (MECPP);
mono-benzyl phthalate (MBzP); mono-ethyl phthalate (MEP); mono-
isobutyl phthalate (MiBP); and mono-n-butyl phthalate (MnBP). The
determination of concentrations of total (free plus glucuronoconjugated)
phthalate metabolites consisted of sample preparation by using enzymatic hy-
drolysis with B-glucuronidase enzymes and solid-phase extraction, followed
by ultraperformance liquid chromatography coupled to tandem mass spec-
trometry. The LOD for the different congeners ranged from 0.5 to 1 pg/L.

Both BPA and phthalate concentrations were adjusted for creatinine (in
micrograms per gram of creatinine) to control for urine dilution. We used the
average of the first- and third-trimester concentrations as our exposure variable in
the main analyses to provide a better estimate of exposure throughout pregnancy.
This has been recommended by other studies of these compounds because they
have particularly short biological lives in the range of hours to days.*”'**> Phtha-
late metabolites were then grouped based on the common parent of the metabolites
(the sum of di-[2-ethylhexyl] phthalate [Z4,DEHP] metabolites: MEHP, MEHHP,
MEOHP, and MECPP), MBzP metabolite, or the type of phthalates (the sum of
LMWP [Z;LMWP] metabolites: MEP, MiBP, and MnBP) because these are
thought to have different physicochemical properties.””

Covariates

Information on the following covariates was obtained through question-
naires answered by mothers during the first and third trimesters of pregnancy
and at the child’s age of 14 months: maternal age, education and country of
origin, maternal smoking during pregnancy, secondhand smoke exposure
during pregnancy and at the age of 4 years, presence of pets at home during
pregnancy, number of older siblings, day care attendance during the first year
of life, duration of exclusive breast-feeding, maternal consumption of canned
tuna, and maternal and paternal history of asthma/allergy symptoms. Parents
were classified as allergic if they reported having allergic asthma, atopic
dermatitis, eczema, or rhinitis in the third-trimester health questionnaire.
Maternal prepregnancy body mass index, gestational age, weight at birth,
season of birth, and child’s sex were collected from clinical records or reported
by mothers.

Statistical methods

Missing values in covariates (between 0% and 0.8%) were imputed by
using multiple imputation methods to avoid loss of participants in the study.*®
The same method was used to impute BPA and phthalate concentrations of less
than the LOD (between 0% and 0.8% of the samples) by defining the range of
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imputed values between 0 and the LOD value for each compound. Detailed
information on the imputation process can be found in Table E1 in this article’s
Online Repository at www.jacionline.org. Results presented in this study are
averaged over the 100 imputations performed.

Of the 657 pregnant women initially recruited in the INMA-Sabadell
cohort, 608 provided outcome information on wheeze, chest infections,
bronchitis, and eczema in at least 1 period of follow-up between birth and age
7 years. Of these, 462 had information on prenatal BPA exposure, and 391 had
information on prenatal phthalates exposure. Also, 474 children had infor-
mation on asthma status at age 7 years; of these, 361 had prenatal BPA or
phthalate exposure information. Finally, specific IgE levels were measured in
311 children, and 175 and 176 children, respectively, had information on BPA
and phthalate exposure.

Because distributions of pollutant concentrations were skewed, the
exposure variables were log, transformed. The log, transformation means
that all risk estimates are expressed per doubling of pollutant concentration;
an RR of 1.20 thus means that for every doubling of the biomarker concentra-
tion, the risk of having the symptom increases by 20%. To assess the associ-
ation between BPA and phthalate exposure and the risk of respiratory or
immune outcomes from birth to age 7 years, we used generalized estimating
equations with an unstructured correlation matrix and an interaction term be-
tween child’s age at follow-up and the exposure variable. This interaction term
was used to test for a difference in the exposure effect between the different
ages of children at each follow-up: 6 months, 14 months, 4 years, and 7 years.
In longitudinal studies generalized estimating equations allow estimation of
the parameters of a generalized linear model with a possible unknown corre-
lation of the outcomes collected at different time points.”” They further allow
the inclusion of subjects with incomplete information at some point during the
follow-up period. Logistic regression models were used to evaluate associa-
tions between the exposures of interest and the dichotomous outcome vari-
ables assessed at a single time point (asthma at age 7 years and atopy at age
4 years). To determine the covariates to be included in multivariate models
for each exposure variable, we applied directed acyclic graphs (DAGs)”® using
DAGity software.’ Covariates included in the respective DAGs if they were
described to be associated with the exposure or the outcome in previous liter-
ature, and such associations were shown in bivariate analyse59‘4" of our data
(P <.1, see Table E2 in this article’s Online Repository at www.jacionline.
org). According to the DAGs, final multivariate models for BPA included
maternal education, number of siblings, and maternal smoking during preg-
nancy, and multivariate models for phthalate metabolites additionally
included maternal prepregnancy body mass index and maternal history of
asthma, allergy, or both (see Figs El and E2 in this article’s Online
Repository at www.jacionline.org).

Linearity of the association between the different exposure variables and
outcomes was assessed by using generalized additive models. Because there
was no evidence of nonlinearity, BPA and phthalate concentrations were
treated as continuous variables.

Sensitivity analyses were performed for each single phthalate metabolite
(MEHP, MEHHP, MEOHP, MECPP, MBzP, MEP, MiBP, and MnBP). To
differentiate the role and importance of each exposure assessed, we also
performed a multipollutant model in which the 4 main exposure variables
(BPA, =,DEHP, MBzP, and 3;LMWP) were included. Because only one
study previously evaluated the effects of BPA exposure in different trimesters
of pregnancy to identify specific time windows of susceptibility,”’ we further
conducted sensitivity analyses for the 2 trimesters of exposure separately.
Finally, because previous studies have suggested that associations can differ
by child’s sex,'"*' we tested this interaction. Analyses were conducted with
STATA software, version 12.0 (StataCorp, College Station, Tex), and R statis-
tical package version 3.0.2.

RESULTS
Study population characteristics

In the current study population the prevalence of wheeze and
chest infections decreased from birth until 7 years of age, and the
prevalence of bronchitis and eczema was lowest at 6 months of
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age (Table I). The prevalence of asthma at age 7 years was around
14%, and 7.4% of the study population was classified as atopic
(Table I). The median BPA concentration was 2.4 pg/g creatinine
(Table II). Among phthalate metabolites, the LMWP metabolite
MEP had the highest median concentration (405.3 pg/g creati-
nine), followed by £,DEHP metabolites (101.7 pg/g creatinine),
and the concentration of MBzP was the lowest (11.9 pg/g creat-
inine; Table II). Moderate correlations were found between the
different groups of compounds, with Pearson correlation coeffi-
cients ranging from 0.15 to 0.31. The highest correlations were
observed between 2,DEHP and MBzP (» = 0.31) and £,DEHP
and BPA (r = 0.21, results not shown).

Children not included in the present study because of lacking
outcome or exposure data had a lower prevalence of wheeze and
chest infections at the age of 14 months compared with included
children. Also, their mothers were younger, more likely to be
primiparous, and had lower education levels (results not shown).

BPA and respiratory and allergy outcomes

Each doubling in concentration of maternal urinary BPA was
associated with an increase of 20% in the adjusted relative risk
(RR) of wheeze (RR, 1.20; 95% CI, 1.03-1.40; P =.02), 15% in
the adjusted RR of chest infection (RR, 1.15; 95% CI, 1.00-1.32;
P =.05), and 18% in the adjusted RR of bronchitis (RR, 1.18;
95% CI, 1.01-1.37; P = .04) at any age during the study period
(Table IIT). There was no increase in the risk of eczema in relation
to maternal urinary BPA concentrations (Table III). The risk of
asthma at the age of 7 years increased with increasing prenatal
BPA exposure (RR, 1.21; 95% CI, 0.94-1.57), but this association
was not statistically significant (P = .14). Atopy at the age of 4
years was not associated with prenatal BPA exposure (RR,
1.07;95% CI, 0.65-1.77; P =.78; Table I1I). Adjustment for con-
founding factors had little influence on risk estimates (Table III).
When associations between BPA and wheeze were assessed sepa-
rately at each age at follow-up, the CIs became somewhat wider,
but risk estimates were consistent across the different ages (P for
age at follow-up interaction = .80; Fig 1, A). For chest infections
and bronchitis, RRs were consistent across the ages at follow-up
until the age of 4 years (P >.5; Fig 1, B and C). RRs for wheeze,
respiratory tract infections (including chest infections and bron-
chitis), and asthma tended to be higher in girls than in boys, but
there was no statistical evidence that BPA associations differed
between the sexes (P for interaction > .08, data not shown).

Phthalates and respiratory and allergy outcomes
Each doubling in concentration of maternal urinary Z,DEHP
was associated with an increase in the adjusted RRs of wheeze
(RR, 1.25; 95% CI, 1.04-1.50; P = .02), chest infections (RR,
1.14; 95% CI, 0.97-1.35; P = .11), and bronchitis (RR, 1.20;
95% CI, 1.01-1.43; P = .04) at any age during the study period
(Table III). The risk of asthma at age 7 years also increased
with increasing 24DEHP concentrations (RR, 1.38; 95% CI,
1.05-1.82; P = .02). Secondary metabolites (MEHHP, MECPP,
and MEOHP) showed the strongest associations, whereas no as-
sociations were found for the primary metabolite MEHP (see
Table E3 in this article’s Online Repository at www.jacionline.
org). MBzP concentrations were associated with an increased
risk of wheeze at any age during the study period (RR, 1.15;
95% CI, 1.00-1.33; P =.05); smaller and nonsignificant increases
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TABLE I. Prevalence of respiratory outcomes and eczema

BPA Phthalates

Age at follow-up No. Percent No. Percent
Wheeze

6 mo 437 19.7 370 20.8

14 mo 424 30.4 382 30.1

4y 385 21.8 387 222

Ty 361 11.1 361 11.4
Chest infections

6 mo 445 22.0 377 23.3

14 mo 423 33.8 381 323

4y 385 2.9 387 2.6

Ty 361 7.5 361 8.3
Bronchitis

6 mo 445 16.0 377 17.2

14 mo 423 25.3 387 24.4

4y 385 24.4 370 24.8
Eczema

6 mo 437 11.7 371 12.9

14 mo 421 17.8 380 18.7

4y 385 23.6 387 23.8

Ty 361 18.3 361 17.7
Asthma at age 7 y* 361 13.6 361 14.1
Atopy at age 4 yT 175 7.4 176 74

*Children were classified as asthmatic if the mother reported ever doctor-diagnosed
asthma at age 7 years, asthma treatment in the last 12 months (at age 7 years), or
wheeze in the last 12 months at the age of 7 years plus wheeze in at least 1 of the other
previous follow-ups.

TChildren were classified as atopic if they had IgE levels of 2 kU/L or greater to any of
the following common allergens: Dermatophagoides pteronyssinus, cat epithelium,
and Phleum pratense.

TABLE Il. BPA (n = 462) and phthalate (n = 391) metabolite
levels (in micrograms per gram of creatinine)*

25th-75th Minimum-
Median Percentile maximum
BPA 24 1.7-3.7 0.3-69.4
Phthalates
34DEHP metabolites 101.7 69.5-147.9 26.5-1670.0
MEHP 11.0 7.3-17.2 1.8-266.9
MEHHP 28.0 17.9-41.5 5.3-503.4
MEOHP 20.9 14.3-30.3 4.1-378.3
MECPP 39.5 27.2-59.8 7.7-718.9
MBzP 11.9 7.2-20.1 1.5-405.1
3;LMWP metabolites 483.0 265.3-866.6 65.2-10003
MEP 405.3 199.4-804.0 34.0-9379.8
MiBP 31.4 21.7-48.2 5.1-334.2
MnBP 30.7 19.9-47.3 5.8-835.7

*Average of measurements at 2 time points in the first and third trimesters of
pregnancy.

were found for chest infections (RR, 1.08; 95% CI, 0.95-1.23;
P = .24) and bronchitis (RR, 1.06; 95% CI, 0.92-1.22; P =
43). Increasing maternal urinary MBzP concentrations were
associated with asthma at age 7 years (RR, 1.26; 95% CI, 1.01-
1.82; P =.02). Concentrations of prenatal Z;LMWP metabolites
in maternal urine were not associated with any of the outcomes
assessed (Table IIT). None of the phthalate metabolites were asso-
ciated with eczema at any age or atopy at age 4 years (Table III).
As with BPA, adjustment for confounding factors had little influ-
ence on the risk estimates obtained (Table III). Associations be-
tween Z4,DEHP and wheeze were consistent over the ages at

GASCON ET AL 373

follow-up (P for age at follow-up interaction = .43; Fig 1, A). As-
sociations with chest infections and bronchitis were consistent up
to the age of 4 years (P for interaction = .09 [Fig 1, B] and P for
interaction = 0.81 [Fig 1, C]). For MBzP, increased wheeze risks
were mainly seen at age 7 years (P for age at follow-up
interaction = .11, Fig 1). RRs for the associations between
MBZzP concentration and wheeze were greater in girls than boys
(girls: RR, 1.28; 95% CI, 1.03-1.58; boys: RR, 0.96; 95% CI,
0.81-1.13; interaction P = .02), and a similar pattern was
observed for chest infections (P for interaction = .06) and asthma
at age 7 years (P for interaction = .15). DEHP associations with
wheeze, respiratory tract infections, and asthma tended to be
higher in girls than in boys, but these differences were not statis-
tically significant (P for interaction > .10, data not shown).

Including all 4 main groups of pollutants (BPA, X,DEHP,
MBZzP, and Z;L.MWP) in one multipollutant model led to small
reductions of between 1% and 8% in the RR estimates compared
with results with the single-pollutant model (see Table E4 in this
article’s Online Repository at www.jacionline.org). When we
evaluated separately the associations with first- and third-
trimester pollutant concentrations, risk estimates were higher
for third-trimester than first-trimester BPA concentrations and
higher for first-trimester than third-trimester 34DEHP and
MBzP concentrations (see Table E5 in this article’s Online
Repository at www.jacionline.org).

DISCUSSION

In the present study higher concentrations of BPA and high-
molecular-weight phthalates (£4,DEHP and MBzP) in maternal
urine during pregnancy were associated with an increased risk
of wheeze, respiratory tract infections, and asthma in offspring
during childhood. Although effect sizes were moderate (RR in-
creases between 10% and 40% per doubling of exposure) and
sometimes of modest statistical significance, results were rela-
tively consistent across outcomes and ages at follow-up and
robust to the inclusion of other chemical exposures and other con-
founding factors.

Urine BPA concentrations in the present study were of similar
magnitude as those reported previously in 2 birth cohort studies
on BPA and respiratory health in children from the United
States.”®”” In one of these studies mean prenatal BPA concentra-
tions were associated with higher risk of wheeze at age 6 months,
although the association was not observed at age 3 years.27 The
other study reported that higher urinary BPA concentrations
measured during the third trimester of pregnancy were associated
with a reduced risk of wheeze at age 5 years and, on the contrary,
that higher postnatal urinary levels were related to an increased
risk of wheeze and asthma at 5 to 7 years of age.”® In the present
study we found an increased risk of wheeze and respiratory tract
infections during childhood, and this was consistent over the ages
at follow-up to age 7 years for wheeze and up to age 4 years for
respiratory tract infections. The risk of asthma at age 7 years
was also increased, although the association was not statistically
significant.

Several studies have reported a potential relationship between
phthalates and allergic symptoms, including asthma and related
symptoms, in children.''*°*> However, most of these studies
used a case-control”’** or cross-sectional >+ design or as-
sessed phthalate levels in dust as a marker of phthalate expo-

sure’*?%; this limits the conclusions that can be drawn. In the
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TABLE lll. Associations between maternal urinary BPA and phthalate metabolite levels* and occurrence of respiratory and allergy

outcomes during childhood

BPA, RR (95% CI) Pvalue =,DEHP,{ RR (95% Cl) P value MBzP, RR (95% Cl) P value =;LMWP,: RR (95% CI) P value
Wheeze, chest infections, bronchitis, and eczema from birth until age 7 y§
No. 462 391 391 391
Unadjusted
Wheeze 1.16 (1.00-1.35) .05 1.29 (1.08-1.54) .01 1.15 (1.00-1.32) .05 0.99 (0.86-1.14) .92
Chest infections  1.10 (0.96-1.26) .18 1.18 (1.00-1.39) .04 1.07 (0.95-1.22) .27 1.02 (0.90-1.16) .79
Bronchitis 1.12 (0.97-1.30) 13 1.22 (1.03-1.46) .02 1.06 (0.92-1.22) 40 0.96 (0.84-1.11) .61
Eczema 0.99 (0.84-1.16) 91 1.05 (0.88-1.26) .60 1.07 (0.93-1.23) 37 0.94 (0.82-1.08) .94
Adjusted
Wheeze 1.20 (1.03-1.40) .02 1.25 (1.04-1.50) .02 1.15 (1.00-1.33) .05 0.95 (0.82-1.10) 49
Chest infections  1.15 (1.00-1.32) .05 1.14 (0.97-1.35) 11 1.08 (0.95-1.23) 24 1.00 (0.87-1.13) .96
Bronchitis 1.18 (1.01-1.37) .04 1.20 (1.01-1.43) .04 1.06 (0.92-1.22) 43 0.95 (0.82-1.09) 45
Eczema 1.00 (0.85-1.18) .99 1.00 (0.83-1.20) .99 1.05 (0.91-1.21) 51 0.91 (0.79-1.05) 21
Asthma at age 7 y||
No. 361 361 361 361
Unadjusted 1.22 (0.95-1.56) 12 1.38 (1.05-1.81) .02 1.25 (1.02-1.55) .04 1.07 (0.85-1.35) .57
Adjusted 1.21 (0.94-1.57) .14 1.38 (1.05-1.82) .02 1.26 (1.01-1.82) .02 1.06 (0.83-1.35) .63
Atopy at age 4 y9
No. 175 176 176 176
Unadjusted 1.04 (0.64-1.70) .86 1.07 (0.60-1.90) .81 0.97 (0.61-1.54) .89 1.08 (0.69-1.68) 74
Adjusted 1.07 (0.65-1.77) 78 1.13 (0.60-2.11) 71 0.97 (0.61-1.56) 91 1.11 (0.68-1.81) .66

BPA models were adjusted for maternal education, number of siblings, and maternal smoking during pregnancy, and phthalate models were additionally adjusted for maternal

history of asthma/allergy and maternal body mass index.

*RR per doubling concentration (levels were log, transformed).

TThe Z,DEHP metabolites include MEHHP, MEHP, MEOHP, and MECPP.
1The =;LMWP metabolites include MEP, MiBP, and MnBP.

§Wheeze, chest infections, and eczema were assessed at ages 6 and 14 months and 4 and 7 years, and bronchitis was assessed at ages 6 and 14 months and 4 years.
||Children were classified as asthmatic if the mother reported ever doctor-diagnosed asthma at age 7 years, asthma treatment in the last 12 months (at age 7 years), or wheeze in the
last 12 months at the age of 7 years plus wheeze in at least 1 of the other previous follow-ups.

q[Children were classified as atopic if they had IgE levels of 2 kU/L or greater to any of the following common allergens: Dermatophagoides pteronyssinus, cat epithelium, and

Phleum pratense.

present study the risk of wheeze, respiratory tract infections, and
asthma increased with increasing concentrations of £4,DEHP in
maternal urine during pregnancy. MBzP concentrations were
associated with wheeze and asthma but less consistently with res-
piratory tract infections. No associations between 2;LMWP con-
centrations and the assessed outcomes were observed. Also, we
found that secondary rather than primary DEHP metabolites
were more likely to be associated with risk of respiratory out-
comes in the child. Differences in results between congeners
and metabolites might be due to their different physicochemical
properties”” and hormonal activity action.*>** A previous birth
cohort study observed an association between maternal urinary
MBZzP concentrations during pregnancy and eczema in offspring
before 24 months of age but not at older ages (5 years).”® We did
not observe any association between the phthalate metabolites
and eczema or atopy.

BPA!” and, to a lesser extent, phthalates mimic the activity
of estrogen, a female hormone that can play an active role in im-
munomodulation in women.** Additionally, the incidence and
severity of allergic disorders are higher in adult female subj ects.*
Two studies reported a higher risk of allergic asthma in female
than male subjects in relation to BPA*' and DEHP metabolite''
exposure. The present study suggests that girls are at a somewhat
higher risk of respiratory tract infections, wheeze, and asthma in
relation to BPA, 24,DEHP, and MBzP exposure. However, differ-
ences between the sexes only reached statistical significance for
MBzP and were not always consistent across outcomes for the
same exposure. This lack of consistency might be partly ex-
plained by our small sample size after stratification. Larger

42,43

studies are warranted to study the role of sex in the potential
health effects of these compounds. In addition, we cannot rule
out the possibility that before 7 years of age, sex differences in
allergic symptoms/diseases have not completely manifested,
which means that studies evaluating the long-term respiratory
and allergy health effects of these compounds are needed.

The mechanisms by which BPA and phthalates affect the
immune and respiratory systems are not completely under-
stood.”>'”***7 In animal and in virro models BPA has been
observed to increase the production of the proallergic cytokine
IL-4 and serum IgE and to promote eosinophilic inflammation
in the airways.’“i’“15 Results of a study with mice also suggest
that prenatal BPA can affect the innate immune system but not
the antiviral adaptive immune response.’® For phthalates, sug-
gested mechanisms include their capacity to act as adjuvants,
which promote Ty2 differentiation and influence antibody
response.”'? Also, DEHP has been described to alter airway
cell differentiation and surfactant protein production in the
lungs.” Our study did not observe any associations between pre-
natal BPA or phthalate exposure and atopy at age 4 years
measured based on specific IgE levels. This is in accordance
with the results obtained in another birth cohort assessing prenatal
and postnatal BPA exposure and specific IgE levels at the age of 7
years.% In our study information on atopy was available for only
part (38% for BPA and 49% for phthalates) of the study popula-
tion, and therefore the results should be interpreted with caution.
In fact, in this part of the study population the associations be-
tween prenatal BPA and phthalate exposure and respiratory out-
comes were somewhat attenuated and no longer statistically
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FIG 1. Adjusted associations between maternal urinary BPA and phthalate metabolite concentrations (RR
per doubling concentration [levels were log, transformed]) and occurrence of wheeze (A), chest infections
(B), and bronchitis (C) at each age at follow-up from birth until age 7 years. BPA models were adjusted for
maternal education, number of siblings and maternal smoking during pregnancy, and phthalate models
were adjusted additionally for maternal history of asthma/allergy and maternal body mass index. The
>4DEHP metabolites include MEHHP, MEHP, MEOHP, and MECPP. The =;LMWP metabolites include

MEP, MiBP, and MnBP.
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significant (results not shown). Researchers, to explain the mech-
anisms behind the occurrence of allergy- and asthma-related out-
comes, mainly focuses on the Ty2 cell pathway promotion.*®
However, it has been observed that a suppressive effect on both
Tyl and Ty2 cells can take place in the causation of these out-
comes'® and that diseases related to both cell types coexist
more frequently than might be expected by chance.”’ Further-
more, it seems that BPA and phthalates, as described above, could
be affecting not only the adaptive immune system but also the
innate immune system.””'”***” Thus to improve our under-
standing of the mechanistic pathways underlying the potential ef-
fects of BPA and phthalates on the developing respiratory and
immune systems, inclusion of both humoral and cellular immu-
nity markers is recommended in prospective birth cohort
studies.”

We found moderate correlations between the different com-
pounds, and these are in accordance with previous study
populations.”’ ™ These results indicate that these compounds
do not completely or always share the same sources of expo-
sure.”'? BPA and phthalates have a very short half-life (of hours)
and are rapidly excreted from the body. Thus a single measure-
ment is not representative of long-term exposure, such as over
the entire pregnancy.®”'**>>* We averaged the concentrations
determined in 2 pregnancy trimesters to obtain a better estimate
of prenatal BPA and phthalate exposure during the entire preg-
nancy. The use of 2 measurements might still not be enough to
avoid exposure misclassification,””'**>* but this type of
misclassification is likely to be nondifferential (ie, not related to
the outcome of interest). Nondifferential misclassification of
exposure is likely to result in a dilution of risk estimates,”” which
means that in our study it is more likely that risks were underesti-
mated than overestimated. Future studies can improve exposure
estimation by analyzing biomarkers at multiple time points during
pregnancy. Although recognizing the limitations of one spot urine
measurement, we evaluated associations for the first and third tri-
mesters separately as a sensitivity analysis. Z,DEHP and MBzP
exposure in the first trimester seemed to show stronger associa-
tions with respiratory outcomes than exposure in the third
trimester, whereas for BPA, stronger associations were found in
the third trimester. A study with monkeys reported alterations
in the maturation of secretory cells in the proximal conducting air-
ways after exposure to BPA during late gestation but not during
early prenatal life.”® This could be one mechanism explaining
the results obtained in the present study for BPA, however, and
as discussed above, these results need to be taken with much
caution.

Some previous studies have suggested an association between
postnatal BPA and phthalate exposure and respiratory and allergic
diseases.'' #2427 In our study population we did not mea-
sure postnatal exposure to BPA and phthalates. However, correla-
tions between maternal and child BPA and phthalate urine
concentrations have been described as very low or nonexistent
in our study population for BPA with a subset of 130 children,’
as well as in other studies.”' > Therefore it is unlikely that post-
natal exposures acted as confounding variables in the associations
observed between prenatal exposures and the respiratory and al-
lergy outcomes assessed. An important strength of the present
study is that this is the first birth cohort study to include prenatal
BPA and phthalate exposures in one analysis; our results show
that the compounds more strongly associated with wheeze and
respiratory tract infections were BPA and 2,DEHP.

J ALLERGY CLIN IMMUNOL
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The use of questionnaires to assess the occurrence of respira-
tory symptoms or diseases is well known to be prone to reporting
errors by study participants. However, reporting bias would only
occur if the errors in responses were related to the level of
exposure to phthalates or BPA, which we think is unlikely to have
been the case. Furthermore, we had objective information on the
atopic status of the child (specific IgE levels measured at age 4
years), and it moderately correlated with asthma at age 7 years
(r =042, P = .01), as well as with eczema at age 4 years (r =
0.31, P =.09) and 7 years (r = 0.46, P = .01), as expected.sg‘(’0
Also, the prevalence of asthma at age 7 years in our study popu-
lation was similar to that reported by a study evaluating asthma
symptom prevalence in several regions of Spain,”’ which pro-
vides confidence in the information reported by the mothers.

Finally, approximately one third of our initial study population
was lost to follow-up, and this part included less educated and
younger mothers. This has resulted in an underrepresentation of
these groups in our sample, but it is unlikely that this has led to
spurious associations between pollutant concentrations and
health effects.

The present study suggests that prenatal exposure to BPA and
high-molecular-weight phthalates (£4DEHP and MBzP) might
increase the risk of asthma symptoms and respiratory tract infec-
tions throughout childhood. Future studies should focus on
improving prenatal and postnatal exposure estimates and
including larger study populations. Also, mechanisms underlying
the suggested associations warrant further investigation. In the
meantime and where possible, policies to reduce exposure to
such compounds should be advocated.

We thank all the participants for their generous collaboration and Silvia
Fochs, Anna Sanchez, Maribel Lépez, Nuria Pey, and Muriel Ferrer for
their assistance in contacting families and administering questionnaires.
A full roster of the INMA Project Investigators can be found at http://
www.proyectoinma.org/presentacion-inma/listado-investigadores/en_listado-
investigadores.html.

Key messages

o There is growing concern that widely used chemicals, such
as BPA and phthalates, can affect the child’s susceptibility
to infections and the development of allergy and asthma
through their potential immunomodulatory properties.
The study suggests that prenatal exposure to BPA and
high-molecular-weight phthalates (Z,DEHP and MBzP)
can increase the risk of asthma symptoms and respiratory
tract infections throughout childhood.

Policies to reduce exposure to these compounds should be
advocated.
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TABLE E1. Description of the imputation procedure

Software used and key setting: STATA 12 software (Stata Corporation, College Station, Tex): ice command (with 100 cycles)
Number of imputed data sets created: 100
e Variables included in the imputation procedure:
e Child’s variables: sex, gestational age, birth weight, weeks of breast-feeding, season of birth, siblings, day care attendance
e Parental variables: maternal age, prepregnancy maternal weight and height, maternal and paternal asthma, rhinitis, eczema and atopy, maternal
education, maternal smoking during pregnancy and first year of life, maternal total IgE level, maternal country of origin, parity
e Other variables: time of sample collection (first and third trimesters), concentrations of BPA and all phthalates measured in maternal urine (first and
third trimesters), consumption of canned tuna (first and third trimesters)
Treatment of nonnormally distributed variables: log, transformed
Treatment of binary/categorical variables: logistic, ordinal, and multinomial models
o Statistical interactions included in imputation models: imputations were done separately for each study population analyzed (BPA [n = 462], phthalates
[n = 391], and all compounds [n = 359])
e Percentage of samples less than the LOD:
o BPA: 0% of the first-trimester samples and 0.6% of the third-trimester samples
o Phthalates: 0% to 0.5% of first-trimester samples and 0% to 0.8% of third-trimester samples, depending on the metabolite




378.e4 GASCON ET AL J ALLERGY CLIN IMMUNOL
FEBRUARY 2015

TABLE E2. Characteristics of the study population and median levels of BPA and phthalate metabolites (in micrograms per gram
of creatinine) in maternal urine samples

Phthalate metabolites

Percent Percent
(n = 462) BPA (n = 391) MEHHP MEHP MEOHP MECPP MBzP MEP MiBP MnBP
Child characteristics
Sex
Girls 48.4 2.45 48.1 28.02 10.82 20.99 39.70 12.32 443,12 33.20 30.97
Boys 51.6 2.46 51.9 27.92 11.06 20.83 39.48 11.66 350.01 30.54 29.03
Birth season
Winter 26.5 2.57* 26.3 28.72% 11.16 21.17* 39.35% 12.71 491.87 31.37 31.31%
Spring 26.7 2.14 25.6 23.85 10.26 18.86 3491 12.12 419.42 27.31 26.51
Summer 25.4 2.99 26.9 28.37 11.81 22.15 43.45 11.51 401.04 37.44 36.47
Autumn 21.5 2.32 21.2 30.00 10.04 21.98 39.96 10.90 306.49 30.57 25.35
Siblings
None 55.2 2.76* 57.6 26.26 10.27* 20.21 37.51 11.91 393.72 31.83 32.77
1 37.8 2.23 37.1 31.42 11.72 23.15 43.81 11.35 423.86 31.39 27.99
>2 7.0 2.00 54 26.02 8.50 22.67 41.31 13.03 458.24 27.29 25.35
Maternal characteristics
Age (y)
<25 11.3 3.04% 10.0 30.96 11.06 20.33 45.27 10.20* 317.82 31.65 33.73
>25 to 30 39.9 2.46 40.8 26.26 11.18 20.49 38.47 13.39 408.71 33.51 32.34
>30 to 35 36.3 2.36 36.2 28.36 10.66 21.17 40.30 10.78 437.60 30.21 26.93
>35 12.6 2.08 13.1 26.02 11.34 21.17 39.81 10.80 347.76 30.84 32.77
Education
Primary school 26.8 2.74% 22.4 29.80 12.59* 21.74 43.90 12.71 536.68* 35.60* 31.04
Secondary school 41.0 2.34 42.7 26.24 9.80 20.21 38.84 10.77 405.28 29.87 29.03
University or higher 32.2 2.56 34.9 27.37 11.06 21.17 38.49 12.70 328.51 31.98 32.65
degree
BMI (kg/m?)
<185 5.8 1.94 5.6 27.81 10.02 20.19 36.66* 11.51* 351.56 27.54% 26.21
>18.5 to 25 66.7 2.59 67.8 26.26 11.06 20.53 38.42 11.01 393.72 31.46 30.80
>25 to 30 18.8 2.40 18.2 32.02 11.58 22.67 48.07 13.82 458.24 34.48 36.18
>30 8.7 2.22 8.4 28.36 9.11 20.48 43.50 11.91 543.8 27.93 27.54
Prenatal smoking
No 84.6* 2.37% 85.1 27.14 10.96* 20.60 39.35 11.89 373.45% 30.57* 30.09
Yes 15.4 3.05 14.9 31.40 12.37 22.49 39.70 11.33 562.73 35.65 38.15
Maternal allergyf
No 68.7 2.63 67.9 26.06* 10.96 20.10% 38.46* 11.99 401.04 31.98 30.78*
Yes 31.3 2.14 32.1 32.02 11.06 23.46 44.62 11.56 474.63 30.79 30.71

BMI, Body mass index.

*P <.

FTMothers were classified as allergic if they answered positively to having allergic asthma, atopic dermatitis, eczema, or rhinitis during the health questionnaire of the third trimester
of pregnancy.
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TABLE E3. Associations between maternal urinary single DEHP metabolite levels* and occurrence of respiratory and allergy
outcomes during childhood

MEHP,t RR (95% CI) Pvalue MEHHP,} RR (95% Cl) P value MEOHP,; RR (95% CI) P value MECPP,; RR (95% CI) P value

Wheeze, chest infections, bronchitis, and eczema from birth until age 7 y (n = 391)§

Wheeze 1.07 (0.90-1.26) 45 1.22 (1.04-1.45) .01 1.27 (1.07-1.51) .01 1.25 (1.05-1.49) .01
Chest infections 0.96 (0.82-1.12) .60 1.16 (1.00-1.34) .06 1.18 (1.01-1.38) .04 1.16 (0.99-1.37) .06
Bronchitis 1.02 (0.87-1.21) 78 1.22 (1.04-1.43) .02 1.22 (1.03-1.45) .02 1.20 (1.01-1.43) .04
Eczema 0.93 (0.78-1.10) 40 1.03 (0.88-1.21) 70 1.01 (0.84-1.20) 92 1.01 (0.85-1.20) .90

Asthma at age 7y (n = 361)||
1.23 (0.93-1.61) .15 1.27 (0.99-1.64) .06 1.40 (1.08-1.81) .01 1.42 (1.08-1.87) .01

Atopy at age 4y (n = 176)9
1.20 (0.67-2.13) .54 1.02 (0.58-1.81) .94 1.08 (0.59-1.96) 1.08 1.20 (0.66-2.19) .55

Models were adjusted for maternal education, number of siblings, maternal smoking during pregnancy, maternal history of asthma/allergy, and maternal body mass index.
*RR per doubling concentration (levels were log, transformed).

fPrimary (MEHP) and fsecondary (MEOHP and MECPP) DEHP metabolites.

§Wheeze, chest infections, and eczema were assessed at ages 6 and 14 months and 4 and 7 years, and bronchitis was assessed at ages 6 and 14 months and 4 years.
||Children were classified as asthmatic if the mother reported ever doctor-diagnosed asthma at age 7 years, asthma treatment in the last 12 months (at age 7 years), or wheeze in the
last 12 months at the age of 7 years plus wheeze in at least 1 of the other previous follow-ups.

§Children were classified as atopic if they had IgE levels of 2 kU/L or greater to any of the following common allergens: Dermatophagoides pteronyssinus, cat epithelium, and
Phleum pratense.
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TABLE E4. Associations between maternal urinary BPA and phthalate metabolite levels* and occurrence of respiratory and
allergy outcomes during childhood in a multipollutant model

BPA, RR (95% Cl) P value Z=,DEHP,t RR (95% Cl) P value MBzP, RR (95% CI) P value =3;LMWP,; RR (95% CI) P value

One-pollutant model
Wheeze, chest infections, bronchitis, and eczema from birth until age 7 y (n = 373)§

Wheeze 1.18 (1.00-1.40) .05 1.25 (1.03-1.51) .02 1.11 (0.95-1.28) .19 0.90 (0.78-1.05) .20
Chest infections  1.17 (1.00-1.36) .04 1.16 (0.98-1.38) .08 1.07 (0.94-1.23) .30 1.01 (0.89-1.16) .86
Bronchitis 1.17 (0.99-1.38) .07 1.22 (1.01-1.47) .04 1.03 (0.89-1.20) .66 0.94 (0.82-1.09) 43
Eczema 1.00 (0.84-1.19) .98 1.02 (0.84-1.24) .84 1.06 (0.92-1.23) 41 0.91 (0.79-1.06) 22

Asthma at age 7 y (n = 346)||
1.18 (0.91-1.53) 21 1.35 (1.01-1.80) .04 1.25 (0.99-1.56) .06 1.05 (0.82-1.34) 71

Atopy at age 4y (n = 168)q
1.03 (0.62-1.72) .90 1.12 (0.58-2.19) 73 0.84 (0.49-1.43) .52 0.98 (0.59-1.65) .95

Four-pollutants model
Wheeze, chest infections, bronchitis, and eczema from birth until age 7 y (n = 373)§

Wheeze 1.16 (0.97-1.37) .10 1.21 (0.99-1.48) .07 1.06 (0.91-1.23) 48 0.87 (0.74-1.01) .07
Chest infections  1.14 (0.98-1.34) .10 1.11 (0.93-1.34) 25 1.03 (0.89-1.19) .69 0.98 (0.86-1.13) .80
Bronchitis 1.14 (0.96-1.36) .13 1.20 (0.98-1.47) 07 0.98 (0.84-1.15) 82 0.91 (0.79-1.06) 23
Eczema 1.01 (0.84-1.20) .95 1.00 (0.82-1.24) .96 1.08 (0.92-1.26) .35 0.90 (0.78-1.05) .18

Asthma at age 7 y (n = 346)||
1.15 (0.87-1.51) .33 1.25 (0.92-1.70) .16 1.18 (0.93-1.49) 18 1.00 (0.77-1.49) 1.00

Atopy at age 4 y (n = 168)q
0.80 (0.42-1.53) .50 1.25 (0.62-2.52) 53 0.81 (0.46-1.44) 47 1.03 (0.61-1.74) 91

All models were adjusted for maternal education, number of siblings, maternal smoking during pregnancy, maternal history of asthma/allergy, and maternal body mass index to
have the same adjusted models.

*RR per doubling concentration (levels were log, transformed).

The 24DEHP metabolites include MEHHP, MEHP, MEOHP, and MECPP.

The =;LMWP metabolites include MEP, MiBP, and MnBP.

§Wheeze, chest infections, and eczema were assessed at ages 6 and 14 months and 4 and 7 years, and bronchitis was assessed at ages 6 and 14 months and 4 years.
||Children were classified as asthmatic if the mother reported ever doctor-diagnosed asthma at age 7 years, asthma treatment in the last 12 months (at age 7 years), or wheeze in the
last 12 months at the age of 7 years plus wheeze in at least 1 of the other previous follow-ups.

€ Children were classified as atopic if they had IgE levels of 2 kU/L or greater to any of the following common allergens: Dermatophagoides pteronyssinus, cat epithelium, and
Phleum pratense.
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TABLE E5. Adjusted associations between maternal urinary BPA and phthalate metabolite levelst measured in the first and third
trimesters of pregnancy and occurrence of respiratory and allergy outcomes during childhood:

BPA, RR (95% CI) Pvalue X,DEHP,; RR (95% CI) P value MBzP, RR (95% Cl) Pvalue X=;LMWP,s RR (95% Cl) P value

Wheeze, chest infections, bronchitis, and eczema from birth until age 7 y/||

No. 462 391 391 391
First trimester
Wheeze 1.09 (0.96-1.25) .20 1.21 (1.04-1.41) .02 1.15 (1.02-1.30) .02 1.00 (0.88-1.13) .99
Chest infections  1.06 (0.94-1.19) .37 1.17 (1.02-1.35) .02 1.07 (0.96-1.19) 24 1.00 (0.89-1.12) .96
Bronchitis 1.09 (0.96-1.24) .20 1.15 (0.99-1.34) .06 1.04 (0.92-1.16) .56 0.98 (0.87-1.11) 76
Eczema 0.98 (0.86-1.13) .79 1.17 (1.01-1.36) .04 1.13 (1.00-1.27) .04 0.97 (0.86-1.09) .61
Third trimester
Wheeze 1.15 (1.01-1.31) .03 1.04 (0.90-1.20) .59 1.04 (0.92-1.18) .50 0.93 (0.83-1.05) .26
Chest infections  1.10 (0.98-1.24) 11 0.99 (0.86-1.13) .84 1.04 (0.93-1.16) .53 1.02 (0.91-1.13) 77
Bronchitis 1.17 (1.03-1.33) .02 1.07 (0.92-1.23) .39 1.06 (0.94-1.20) .36 0.98 (0.87-1.10) 72
Eczema 0.97 (0.85-1.11) .65 0.86 (0.74-1.00) .05 0.91 (0.80-1.03) 12 0.89 (0.79-1.00) .06
Asthma at age 7 y9
No. 361 361 361 361
First trimester 1.03 (0.81-1.31) .81 1.33 (1.04-1.69) .02 1.25 (1.04-1.51) .02 1.07 (0.87-1.31) .55
Third trimester 1.21 (0.97-1.50) .09 1.13 (0.88-1.44) .33 1.06 (0.86-1.31) .56 1.01 (0.82-1.23) .95
Atopy at age 4 y#
No. 175 176 176 176
First trimester 0.94 (0.59-1.50) .80 1.26 (0.73-2.20) 41 1.07 (0.72-1.59) 74 1.10 (0.74-1.64) .65
Third trimester 0.94 (0.60-1.49) .81 1.06 (0.65-1.71) .83 0.89 (0.59-1.33) .89 1.10 (0.71-1.70) .67

BPA models were adjusted for maternal education, number of siblings, and maternal smoking during pregnancy, and phthalate models were adjusted additionally for maternal
history of asthma/allergy and maternal body mass index.

*P <.05.

TRR per doubling concentration (levels were log, transformed).

{The 3,DEHP metabolites include MEHHP, MEHP, MEOHP, and MECPP.

§The Z;LMWP metabolites include MEP, MiBP, and MnBP.

[[Wheeze, chest infections, and eczema were assessed at ages 6 and 14 months and 4 and 7 years, and bronchitis was assessed at ages 6 and 14 months and 4 years.

€ Children were classified as asthmatic if the mother reported ever doctor-diagnosed asthma at age 7 years, asthma treatment in the last 12 months (at age 7 years), or wheeze in the
last 12 months at the age of 7 years plus wheeze in at least 1 of the other previous follow-ups.

#Children were classified as atopic if they had IgE levels of 2 kU/L or greater to any of the following common allergens: Dermatophagoides pteronyssinus, cat epithelium, and
Phleum pratense.
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