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ABSTRACT

Background: Parabens are synthetic preservatives presentny otasumer products.
Their antimicrobial and endocrine disrupting prajgsrhave raised concerns that they
may play a role in respiratory and allergic dissabewever, studies exploring these
associations are scarce.

Objective: We examined the cross-sectional association betpaeibens and asthma
morbidity among 450 children with asthma and withana prevalence among 4,023
children in the U.S. general population, partidipgin the National Health and Nutrition
Examination Survey (2005-2014).

Methods: We conducted multivariable logistic regressionxXaraine associations
between urinary paraben biomarker concentrationyld8P, ethyl-EP, methyl-MP, and
propyl-PP) and asthma attacks and emergency depatr(aD) visits among children
with asthma, and with current asthma diagnosis @nadirchildren. We also examined
heterogeneity of associations by sex.

Results: We observed an increased prevalence odds of negp®&D visits for every 10-
fold increase in MP and PP concentrations among ldth asthma (adjusted prevalence
odds ratio, aPOR:2.61, 95% confidence intervall 20, 4.85 and aPOR:2.18,
95%Cl:1.22, 3.89, respectivelyiraction-mvP=0.002; fhieraction-pE=0.003); associations
remained after adjusting for other phenolic commsupreviously linked to respiratory
outcomes. No other dimorphic effects of exposuredxywere observed. Among children
in the general population, no overall associatiwite current asthma were observed,
although there was a positive trend with PP anceatiasthma diagnosis.

Conclusion: We identified differential effects of exposure tdext parabens by sex on
asthma morbidity. Further studies are needed ticegp these findings, and elucidate
mechanisms by which parabens could impact respyraéalth and elicit dimorphic
effects by sex.



Clinical Implications.

Urinary concentrations of antimicrobial agents, mpeand propyl paraben, were
associated with ED visits among asthmatic boysdiRgs warrant further study given the
widespread use of parabens in consumer products.

Capsule Summary.
Exposure to methyl and propyl paraben, antimiciadmg@nts widely used in consumer
products, was found to be associated with ED vasiteng asthmatic boys.
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Abbreviations:

aPOR: Adjusted prevalence odds ratio

BMI: Body mass index

BP: Butyl paraben

CDC: Centers for Disease Control and Prevention
CI(s): Confidence interval(s)

cPOR: Crude prevalence odds ratio

ED: Emergency department

EDC(s): Endocrine disrupting compound(s)

EP: Ethyl paraben

DF: Detection frequency

GM: Geometric Mean

Max: Maximum concentration

IgE: Immunoglobulin E

LOD(s): Limit(s) of detection

MP: Methyl paraben

NHANES: National Health and Nutrition Examinationrey
NCHS: National Center for Health Statistics

PP: Propyl paraben

SD: Standard deviation



Introduction

Parabens are synthetic preservatives widely uspdrsonal care products,
medications, and foods.(1-4) In the U.S., exposuparabens is widespread with select
parabens detected in over 90% of the general popalgb) The main route of exposure
to parabens is considered to be dermal absorptiom personal care product use
although other routes and sources of exposureamsipe.(3, 6, 7) Their widespread
detection in the general population has raised @mscabout their potential health risks
given they are antimicrobial agents and endocriseidting compounds (EDCs),
exhibiting weak estrogenic and antiandrogenic &gt{8-11) Of emerging concern is
their potential effects on pediatric respiratorgliie given children’s developing immune
and respiratory systems, and their unique vulngtiakito environmental contaminants.

Results from limitedn vivo andin vitro studies support the hypothesis that
parabens could play a role on modulating immuneadliedgic response.(12-18) EDCs
can influence immune cell activation and surviaald modulate cytokine production,
Th1/Th2 balance, and immunoglobulin E (IgE) produe(12) In addition, it is plausible
that the antimicrobial properties of parabens cquinote an allergic phenotype by
altering the microbiome of the gut and/or respinatoact.(19-24)

To date, few epidemiologic studies have examineddke of paraben exposure
on the risk of pediatric respiratory and allergisegise and findings have been
inconsistent. In two cross-sectional studies cotetlion children from the U.S. general
population participating in the 2005-2006 NatioHaklth and Nutrition Examination
Survey (NHANES), (25, 26) exposure to select panalveas positively associated with
aeroallergen sensitization, an important risk fiafdo development, morbidity, and
severity of asthma and allergic diseases.(25, 3D80orphic effects of paraben
exposure by sex on allergic sensitization have laésm reported,(31) though no
consistent associations with asthma and wheezelbiemreidentified.(26, 31) To our
knowledge, no other studies have examined theseiatisns or whether exposure to
parabens is associated with worse asthma-relatedroas among those with asthma.

In this study, we sought to address current knogéaghps and examine whether
exposure to four parabens (butyl, ethyl, methyti propyl paraben) commonly used in
consumer products is associated with increasedicityrii.e., increased prevalence odds
of asthma attacks and emergency department vsitssthma) among children with
asthma from a larger subset of the U.S. generallptpn, participating in NHANES
(2005-2014). We also examined the associationderivexposure to parabens and
prevalence of current asthma diagnosis among #édireh. Lastly, we assessed whether
the effect of paraben exposure on our outcomesdéry sex given reported sex
differences with paraben exposure and risk of gitesensitization.(31)



M ethods

Data source for the study population

Our study population consisted of children betwienages of 6 and 19 years
participating in the National Health and NutritiBRamination Survey (NHANES), a
population-based, cross-sectional survey assessngeneral health and nutritional
status of the U.S. non-institutionalized populatibhe NHANES uses a complex,
stratified multistage probability sample desigrbé&representative of the general
population. All study activities were approved hg iNational Center for Health
Statistics (NCHS) institutional review board andger consenting procedures were
followed prior to any data collection.(32) Infornmat on participants was collected via a
household interview and a standardized physicahexation.(33) Paraben exposure
measurements were conducted on a random one-thissiple of participants 6 years
of age and older between 2005 and 2014.

Exposure assessment of parabens

To assess exposure to parabens, urinary biomeokeentrations for butyl (BP),
ethyl (EP), methyl (MP), and propyl paraben (PP3pot urine samples provided by
study participants were used. Total concentrat{@reg plus conjugated species) for each
of the four parabens were measured using a vatidab®ratory method described
previously.(34) The limits of detection (LODs) wer®ug/L (MP, EP) and 0.2g/L
(PP, BP). Urinary creatinine concentrations wese aheasured and used in our analyses
to correct for renal function.(35)

Respiratory outcome assessment

As part of a medical examination, participants/antheir caregivers completed a
guestionnaire which asked about several medicalitons. As part of this
guestionnaire, participants were asked “Has a dactother health professional ever
told you that you have asthma?” Participants wrewaned affirmatively to this question
were then asked “Do you still have asthma?”; heeeaéferred to as “current asthma”. If
participants reported having current asthma thegeen asked, “During the past 12
months, have you had an episode of asthma or hmagttack?” (hereafter referred to as
asthma attack(s)) and “During the past 12 montage lyou had to visit an emergency
room or urgent care center because of asthma2dfier referred to as ED visit for
asthma). For our analyses, we focused on the folpwutcomes: (1) current asthma
(yes/no) among all children; and, among the sutisehildren with current asthma,
whether the child experienced (2) asthma attaglgésy/no); or (3) had an ED visit(s) for



asthma (yes/no). For current asthma, the compagsmrp was children who never
received an asthma diagnosis or who reported fdyrhawving asthma.

Out of 4,338 children ages 6 to 19 years with lpanebiomarker data for cycle
years 2005-2014, 4,023 had complete data on cuasthina diagnosis and main
covariates, and among these 4,023 children, 430rehiwho reported having a current
asthma diagnosis had complete data on asthma sitt@@bkvisits, and main covariates to
assess morbidity (see Figure E1 in the Online Repgs

Statistical Analysis

All analyses were conducted in Stata 14.0 (StagaCoollege Station, TX). We
applied NCHS-created sampling weights, strata,mimdary sampling units in our
statistical analyses according to NCHS guidelinetess otherwise noted, to yield
unbiased point estimates and to account for theptmmstratified multistage probability
sample design. We calculated descriptive statigticgsimmarize demographic
characteristics and urinary biomarker concentrat{erg., n, detection frequency (DF),
geometric means (GMs), weighted percentiles, arndrman concentrations]. To assess
whether there were any significant differencesemdgraphic characteristics between
children who reported having the target outcomesthase who did not, we conducted
Chi-square tests. We assessed differences in bi@meoncentrations (for frequently
detected parabens) and detection frequenciesederfiequently detected parabens)
based on outcome status and sex by conductingstdaad Chi-square tests, respectively.
To examine associations between urinary parabendsker concentrations and each
outcome of interest, we used logistic regressiodetsto estimate crude (cPOR) and
adjusted prevalence odd ratios (aPORs) and comdspp95% confidence intervals
(Cls). We constructed separate models for eachighchl paraben and each binary
outcome of interest. Crude models included logréafdformed creatinine concentrations
as a covariate to account for urinary dilution, kvlidjusted models included log-10
transformed creatinine concentrations in additmother covariates as described below.
Due to their low detection frequencies (DF<50%}hdautyl and ethyl paraben were
modeled as dichotomous independent variables<iL€©D vs. >LOD). For methyl and
propyl paraben, we used restricted cubic splindéis /degrees of freedom to assess the
linearity of the dose-response relationship witbhegespiratory outcome using log10-
transformed urinary concentrations. None of theedigion from linearity tests were
significant, therefore we expressed methyl and yirparaben concentrations using
log10-transformed concentrations in our modelsinteoease statistical power and
precision of our effect estimates, we replaced giethd propyl paraben concentrations
below the LOD with LODY2 (36, 37). To assess effect modification by sexjmweluded
a single multiplicative interaction term (sex*biorker) in separate adjusted models.



Our criteria for statistical significance were aetlpha levels of 0.05 and 0.10
for main effects and effect measure modificati@spectively. Given the outcome
measures we assessed are not completely indepesfderd another and the exploratory
nature of our study,(38) we did not perform adjwestifor multiple comparisons.

Covariates

In our adjusted models, we controllegriori for several covariates that were
identified as potential confounders using direceyclic graphs (not shown) or that were
expected to be strong predictors of our outcomesnresa. These covariates included,
sex, age (years), race/ethnicity (non-Hispanic @yhibn-Hispanic Black, Mexican
American, and Other which included those who s#dfitified as Multiracial, Asian
Pacific, or of Other Hispanic descent), povertyome ratio (modeled as a continuous
variable), and survey cycle year (2005-2006, 200082 2009-2010, 2011-2012, and
2013-2014). We excluded health insurance as a ied®an our models given it was not a
significant predictor of any of our outcomes in study population.

Sensitivity Analyses

We also conducted sensitivity analyses to exantiaedbustness of our results in
the presence of other model adjustments. Firsgusctobacco smoke exposure from
active or passive smoking has been strongly linkaéspiratory outcomes, including
asthma-related symptoms, (39, 40) we ran modelsantl without serum cotinine as a
covariate for the subset of participants with ala# data. We considered addition of
cotinine as a covariate as part of our sensitaitglyses rather than inclusion in our main
models because data on this covariate was missimg @ 30% of our study population.
Although there is increasing evidence that obewsiy play a role on asthma diagnosis,
control, and exacerbation severity,(41) we didinolude body mass index (BMI) in any
of our primary models because it is a potentia@nmiediate of an association between
parabens and asthma.(24, 42, 43) However, as paur gensitivity analyses, we
included age- and sex-independent BMI z-scorescasminuous covariate in our primary
models. Because other phenolic compounds (e.¢Jjggan, bisphenol A, and 2,5-
dichlorophenol) have been previously linked to nedpry outcomes, including asthma
development and morbidity,(44-49) we also ran medetluding log10-transformed
urinary biomarker concentrations for each of th@senols as covariates to assess the
independent effects of parabens on each of thetteggpiratory outcomes assessed.
Lastly, to further examine and confirm dose-respargationships, we also categorized
concentrations of frequently detected parabenstertides of exposure and reran main
logistic regression models when significant assama were observed with our
continuous exposure measures.



Results

Study population characteristics.

Of the 4,465 children with data on current asthiagnosis, 4,023 children had
data available on parabens and covariates includedr analyses. Weighted
demographic characteristics for the 4,023 childvéh complete data were similar to
those of the larger population of children with itadsle data on current asthma diagnosis
(n=4465) (Table 1). The mean age (SD) of childrerhuded in our analyses was 13.0
(4.0) years and approximately 52% were males. @Qakrof the children were non-
Hispanic White and approximately 24% reported askbold income below the poverty
level.

Prevalence of respiratory outcomes.

The prevalence for each target outcome assessi&played in Table 2. There
were no significant sex or age group differences/éen children who reported having a
current asthma diagnosis versus those who didanatfNon-Hispanic Black children
were more likely to report having current asthm&0(p01). Among the 450 children
with a current asthma diagnosis, 233 (53.4%) céildeported having experienced an
asthma attack, while 81(16.2%) of them reportedritaan ED visit(s) in the prior 12
months. Among children with asthma, males were rikety than females to report
having experienced asthma attacks in the prior a@ths although these findings were
not statistically significant. Prevalence of saforted ED visits did not significantly
differ by sex. Also, older children (12-19 yearsagk) with asthma were more likely to
report an asthma attack in the prior 12 months @etgpto younger children (p=0.03); no
age group differences were observed for ED visits.

Paraben biomarker concentrations.

Summary statistics for paraben biomarker concgatrsiin our study
population are displayed in Table 3. Among the &,0i2ildren with complete data on
covariates, paraben biomarker measurements, andreent asthma diagnosis, we
observed that butyl and ethyl paraben were notlwidietected (DF<40%), while methyl
and propyl paraben were detected in over 95% ddremn. Geometric mean
concentrations for both methyl and propyl parabenevsignificantly higher (p=0.02 and
p=0.008, respectively) among children reporting thay had a current asthma diagnosis
compared to children with no current asthma diagn@eometric mean concentrations
for these frequently detected parabens were géystatistically significantly higher for
females compared to males, regardless of curréminasdiagnosis status.



Associations between paraben exposure and morladityng children with asthma.

Among children with asthma, we did not observe all@ssociations between
any of the parabens and reporting of asthma attack® visits in the prior 12 months,
in either unadjusted or adjusted analyses (Tablel@gyever, we did observe effect
modification by sex for ED visits for asthma in tior 12 months for both methyl and
propyl paraben {@<0.003) with statistically significant positive asgations observed
among boys with asthma (see Table 5 and Figuréat)every 10-fold increase in methyl
and propyl paraben concentrations we observedpactge 2.61 (95%CI: 1.40, 4.85;
p=0.003) and 2.18 (95%CI: 1.22, 3.89; p=0.01) iasesl prevalence odds of reporting an
ED visit in the prior 12 months among boys withreat asthma. We also observed a
positive and statistically significant dose-respotrend with ED visits among boys when
using tertiles of exposure for both methyl and ptqg@araben (methyl paraben:
aPOReriiiez: 3.02 (0.99, 9.16) and aPQRies 4.02 (1.35, 11.94),4pn0.01; propyl
paraben: aPORie2 2.34 (0.68, 7.93) and aP@Ries 6.56 (1.49, 28.76),1p,~0.01).
No other dimorphic effects by sex were observed.

In sensitivity analyses, inclusion of BMI z-scoee®l concentrations of other

phenolic compounds in our models did not materiaffgct our results, though inclusion
of cotinine led to a significant increased prevatendds of asthma attacks among
children with detectable concentrations of butylgen (aPOR=2.64; 95%CI: 1.32, 5.31;
p=0.01; see Table E1 in the Online Repository)tlasimilar to our main models, we
observed an increased prevalence odds of ED waisitsig boys with asthma when
controlling for cotinine, BMI z-scores, or othergstolic compounds, but no other
dimorphic effects of paraben exposure by sex ansbildren with asthma (see Tables
E1-E3 in the Online Repository).

Associations between paraben exposures and presatefrcurrent asthma diagnosis
among all children in the general population.

After adjustment for confounders, among all chilgnee did not observe
significant associations between exposure to amgbeas and self-report of current
asthma diagnosis, although the relationship betweepyl paraben and current asthma
diagnosis approached statistical significance (aPDF0; 95%ClI: 1.00, 1.43; p=0.05).
Interactions between paraben exposure and sexremtasthma diagnosis were not
statistically significant (see Table 5 and Figuyeahd inclusion of other covariates in
sensitivity analyses did not materially affect oesults (see Tables E1-E3 in the Online
Repository).

Discussion

In this study, we examined cross-sectional assoosibetween exposure to
parabens and asthma-related outcomes in a samgitéldrien from the U.S. general
population. We did not observe associations betvaegrparaben and asthma prevalence



or asthma morbidity in the population as a wholewever, we identified dimorphic
effects of paraben exposure by sex among childidnagsthma. We found that exposure
to both methyl and propyl paraben was associatduincreased prevalence odds of
reporting ED visits for asthma in the prior 12 nmfamong boys with asthma despite
boys having lower urinary paraben biomarker conegions.

While the association between paraben exposurasthdha morbidity has not
been previously examined, sex differences on thection between paraben exposures
and allergic sensitization have been reported mites generally at a higher risk than
females, including in a smaller subset of our stpdgulation.(25, 31) Sexual
dimorphism has also been reported for pediatritcraatand for ED visits with boys
experiencing a higher asthma prevalence and EB Vi asthma exacerbations.(50, 51)
In addition, sex differences have been reportecdgsociations between other EDCs,
including some compounds with antimicrobial pro@sitand respiratory outcomes with
more prevalent effects observed among boys.(5Z55/4n male subjects are at a higher
risk of allergic disease in general, (55) one plalasexplanation for our findings with ED
visits is that exposure to parabens could resighimncement of allergic response and
increased susceptibility to adverse respiratorgatét. The endocrine disrupting actions of
parabens could be more potent in boys given tlgt flormonal milieu is distinct from
girls, and existing evidence indicating that sexianes and environmental agents with
endocrine disrupting properties influence funciionl/or development of the lungs and
the immune system (56-60). Additionally, the antirabial properties of parabens may
have a greater influence on the risk of asthmaexkations among boys due to their
inherent phenotypic asthma features, includingtgrdaurden of atopy. It has also been
suggested that potential sex differences in theaisllergic and respiratory outcomes
could be due to an interplay between the endodisrepting and antimicrobial
properties of parabens, resulting from differenoawicrobiome composition, hormone
function, and consequences of microbial interasti@1) However, more studies are
needed to confirm our findings and elucidate thiepital mechanisms by which
parabens could result in dimorphic effects by sex.

Our results of no overall associations between sxygoto parabens and current
asthma diagnosis were similar to those reportedgrevious study conducted on a
smaller subsample (NHANES 2005-2006) of our stunlyytation by Spanier et al.
where authors examined the association betweersaxpto parabens aederhaving
received an asthma diagnosis based on atopic staitoisg 837 children 6-18 years. The
authors reported no significant associations betveaosure to parabens and increased
risk of everhaving received an asthma diagnosis, regardleatopic status.(26)
Similarly, Lee-Sarwar et al.(31) also reported msiociations between prenatal and
early postnatal paraben biomarker concentratiosainples collected approximately
between 2011 and 2013 with asthma and wheeze aathtihree-year-old children.
Similar to our study, Spanier et al. and Lee-Samtal. reported low detection of butyl



and ethyl paraben in children’s urine. Geometri@ameoncentrations for methyl and
propyl paraben in our study were similar to thasgorted by Spanier et al. in the smaller
NHANES subsample of children (present study: MRg8MI; PP-4.7 ng/MIl vs. Spanier
et al.: MP-42 ng/MI; PP-5.3 ng/mL).(26) However,dian concentrations for methyl and
propyl paraben were lower in our study populatiompared to those reported among
three-year olds by Lee-Sarwar et al.(31)(presemtystMP-31.4 ng/mL; PP 3.7 ng/mL
vs. Lee-Sarwar et al.: MP-62.8 ng/mL, PP-6.8ng/milijferences in concentrations
between our study and those reported by Lee-Satadr may be related study
population characteristics, including age and f&tianic composition. Nonetheless, our
results on asthma prevalence are in agreementhé#e prior studies.

The lack of consistency in associations betweeryhand propyl parabens and
asthma outcomes could suggest spurious findings;dauld also be due to the fact that
each of the three major outcomes we evaluated mesadistinct manifestations of
asthma. For example, current asthma indicates whetimeone has the disease
currently, and does not capture the degree of sympbr morbidity. Since exposures
that may lead to an increased risk in developitigraa may differ from those that lead to
symptoms and/or exacerbations among those witblestad asthma as reported in prior
studies (61-63), it is possible that methyl andoptgaraben contribute to symptoms
among those with disease, but do not contributeskoof developing asthma.
Additionally, an “asthma attack” is defined in NHAIS as an affirmative response to the
guestion‘During the past 12 months, have you had an episafdesthma or an asthma
attack?”, and affirmative responses to this question arelnmiore common than
affirmative responses to the question about EDsvigihus, self-report of “asthma
attacks” as queried by NHANES could be measurimgetbing different and milder than
ED visits.

A limitation of this study is its cross sectionasin, limiting our ability to
ascribe a direct cause and effect relationship éetvour exposures and outcomes. In
addition, parabens are thought to be largely egdreiithin 24 hours (64) so biomarker
concentrations could reflect recent rather thagtmmm exposures. Although some
studies in adults (65, 66) suggest that a singke Spmple may be sufficient to
characterize exposure to select parabens ovei@dpdra few months, reliance on a
single urine sample for exposure assessment mayledvo non-differential exposure
misclassification potentially attenuating our résufl paraben concentrations vary widely
within children. While we adjusted for several imfamt confounders, our analyses were
also limited by the variables available in thisioa&l survey. For example, allergic
sensitization is a significant risk factor for astndevelopment, morbidity and severity
that has been linked to paraben exposure; howdsta,on sensitization was not
available for the cycle years assessed in our sealy astly, it is possible that our
findings with ED visits are not representativelté tJS population of children or are



spurious findings based on the modest sample sizanfanalysis of complex survey
design data.

While we examined associations between exposunearabens and respiratory
outcomes among children 6-19 years, we were nettatdssess exposures among
younger children or during the prenatal period @sbpen biomarker data was unavailable
so further studies are warranted to identify caitiwindows of susceptibility. The innate
and adaptive immune responses are immature atdvidlhundergo constant development
during the early postnatal period through the agtat phase, making these stages
vulnerable to environmental exposures, includingCB67, 68) While a recent study did
not observe associations between prenatal or pastyatal exposure to parabens and
pediatric asthma or wheeze during the preschook)(@4) the study did not evaluate
asthma among school-aged children. Thus, futudiegishould examine the effects of
prenatal and early postnatal paraben exposurdsldren at different life stages.

Despite our study limitations, our study has sev&rangths. To our knowledge,
this is the first study to examine the associatietween exposure to parabens and
respiratory outcomes among children with asthmaal&e conducted our analyses on a
large sample of U.S. children. In addition, theilmlity of cotinine and other phenolic
compounds provided the opportunity to adjust festhexposures that have been
previously associated with respiratory symptoms andeneral, associations observed
remained or became stronger.

In summary, we observed differential effects of@syre to select parabens by
sex on asthma morbidity, but did not observe assiodis between exposure to these
parabens and prevalence of current asthma. Giweortiss-sectional study design, future
studies are needed to replicate our findings aedtify potential windows of
susceptibility. Lastly, studies are needed to daig the mechanisms by which parabens
could impact development, morbidity, or severity@gpiratory outcomes, and elicit
dimorphic effects by sex.
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FigureLegend

Figure 1. Adjusted associations between child urinary paraben biomarker
concentrations and respiratory outcomes by child sex. We modeled butyl and ethyl
paraben exposure as a dichotomous variable (<LOBMSD), while we used log-10
transformed methyl and propyl paraben concentratiomodels. g: p-value on
interaction term (sex*biomarker); Only significanteraction p-values <0.10 are
reported.



Table 1. Weighted demographic characteristics for childel® years from the U.S. general
population with data on current asthma (NHANES 200%4).

Children with data o Children in the
current asthma, regardless present study with
of paraben or covariate| data on parabens,
data available current asthma, and
n=4465 covariates
n=4023
n (%) n (%)
Se»
Boys 226: (50.9 206¢  (51.6
Girls 220z (49.1 195t (48.4
Age’
6-11 year 204: (42.1 183z (42.7
12-19 year 242z (57.9 2191  (57.3
Rac
Non-Hispanic White  126¢ (57.1 115¢  (58.0
Non-Hispanic Blacl 119% (14.6 1101 (4.7
Mexican Americar 115¢ (14.2 103z (13.9
Othel 84¢ (14.1 731  (13.3
Poverty income rat
<1.C 1371 (23.8 143  (23.9
>1.C 278t (76.2 268¢  (76.2
Missing 30€ -

& Mean age in years (SD) among the 4,465 childreh data on current
asthma diagnosis was 12.6 (4.0) vs. 12.5 (4.)1fert023 children in
our present study with complete data on curretinaatdiagnosis,
parabens, and covariates used in our analyses.



Table 2. Prevalence of respiratory outcomes by demogragtacacteristics among children 6-19 years (NHANBG522014Y.

All children, Children with a current Children who reported Children who reported a
regar dless of asthma diaonosi< ED visit(s) in the prior asthma attacks(s) in the at
outcome status 9 12 months 12 months” prior 12 months’ o
n (%) n (%) p-value n (%) p-value n (%) p-value or
All children 4027 -- 45C (10.9 -- 81 (16.2) -- 237 (53.9) -- es
Se» e
Boys  206¢ (51.6 24¢  (51.6) 0.9¢ 46 (47.6) 0.5¢ 13E (55.4 0.21 nt
Girls 195t (48.4 20z (48.4 35 (52.4 98 (44.6' e
Age d
6-11 year 1832 (42.7 20€ (41.2 0.57 52 (52.1 0.17 11¢ (47.0 0.0: ar
12-19 year 2191 (57.3 244  (58.8 29 (47.9 114 (53.0' feo

Rac
Nor-Hispanic Whitt ~ 115¢ (58.0 12 (55.4 <0.001 16 (47.6° 0.27 71 (57.6 0.22 [:
Nonr-Hispanic Blac 1101 (14.7 181 (23.5 36 (25.2 89 (21.2 hi
Mexican Americar 103z (13.9 75 (9.8) 10 (9.6 31 (8.3 ld
Othel’ 731 (13.3 71 (113 19 (17.6 42 (12.9 re
Poverty income rat n
<1.C 143¢ (23.9 17C  (28.4 0.07 41 (33.9 0.31 9C (29.6, 0.5¢ w
>1.C  268¢ (76.2 28C (71.6 40 (66.1 14z (70.4 I;

complete data on current asthma diagnosis, parahed<ovariates (i.e., age, sex, race/ethnicdayepy income ratio, and creatinine concentratipns)

values displayed are weighted to take into accthentomplex NHANES survey design.

" Current asthma is defined as an affirmative respémswo questions:Has a doctor or other health professional ever tgdah that you have

asthma?” and“Do you still have asthma?”ED visit(s) are defined as affirmative responsethé question:During the past 12 months, have you
had to visit an emergency room or urgent care aeo¢eause of asthma?and asthma attacks are defined as affirmativeoreses to the question:

“During the past 12 months, have you had an episgfdesthma or an asthma attack?”
P-values reported are frogfitests used to determine if demographic charatitidiffered based on outcome status.

C.

4 “Other race” category includes children who sebitfied as Multiracial, Asian Pacific, or of Othidispanic descent.



Table 3. Summary statistics for urinary paraben biomarkercentrations in children 6-19 years from
the U.S. general population (NHANES 2005-2014) ifrig/®

Butyl Paraben n % detected GM Median (p25, p75) p95 Max p-value
All children 4023 36.1 -- <LOD(<LOD, 0.3) 9.2 1240
Males 2068 24 -- <LOD(<LOD, 0.1) 1.7 1240 <0.001
Females 1955 49.1 0.4 <LOD(<LOD, 0.7) 17.6 353
Children with asthma 450 33.5 -- <LOD(<LOD, 0.3) 19.6 1240 0.35
Males with asthme 248 24.4 - <LOD(<LOD,<LOD) 1.9 1240 0.004
Females with asthma 202 432 0.4 <LOD(<LOD, 0.5) 245 90
Children with no asthma 357  36.5 -- <LOD(<LOD, 0.3) 8.3 493
Males with no asthm: 1820 24 - <LOD(<LOD, 0.1) 1.7 493  <0.001

Females with no asthma 17! 49.8 1.9 <LOD(<LOD, 0.8) 14.5 353
Ethyl Paraben

All children 4023 34.6 = <LOD(<LOD, 1.9) 345 1981
Males 2068  26.3 - <LOD(<LOD, 1.0) 10.7 1981 <0.001
Females 1955 43.4 11 <LOD(<LOD, 3.2) 60.8 1760
Children with asthma 450 38.3 -- <LOD(<LOD, 2.2) 60.3 1670 0.16
Males with asthme 248 30 = <LOD(<LOD, 1.3) 345 1110 0.005
Females with asthma 202 47.3 2.0 <LOD(<LOD, 3.4) 63.3 1670
Children with no asthma 357 34.1 - <LOD(<LOD, 1.8) 31.3 1981
Males with no asthm: 1820 25.9 - <LOD(<LOD, 1.0) 10.4 1981 <0.001

Females with no asthma 17! 42.9 1.9 <LOD(<LOD, 3.2) 60.8 1760
Methyl Paraben

All children 4023 98.5 38.0 31.4 (10.3,136.0; 868 149000
Males 2068 98.2 25.2 18.9(7.8,66.5) 654 189080.001
Females 1955 98.7 58.9 56.2 (17.0, 209.0; 1000 132000
Children with asthma 450 99.5 494 41.2(12.1,074.1050 149000 0.62
Males with asthme 248 100 39.2 30.5 (9.2, 107.0) 1170 149000 0.07'
Females with asthma 202 99 63.2 64.0 (16.7,02611020 132000
Children with no asthma 3573 93.3 36.8 30.1 (102®.0) 847 135000
Males with no asthmi 1820 98.1 23.9 18.3(7.7,63.8) 621 135000 <0.001
Females with no asthma 1753 100 58.4 55.3(2D0D0) 995 125000
Propyl Paraben
All children 4023 95.2 4.7 3.7(0.9,20.5) 208 4150
Males 2068 93.3 2.6 1.9(0.7,7.9) 120 3320 O08d.
Females 1955 97.2 8.7 8.3(1.8,43.4) 279 4150
Children with asthma 450 97.2 6.7 4.9 (1.2,34.2)832 2650 0.008
Males with asthme 248 95.9 3.9 2.5(1.0,12.0) 210 2020 <0.001
Females with asthma 202 98.5 11.7 11.6 (1.8)68 381 2650
Children with no asthma 3573 94.9 4.5 3.5(0.9,18.6) 200 4150
Males with no asthma 1820 93 2.5 1.8 (0.6, 7.6)00 3320 <0.001
Females with no asthim 1753 97 8.4 8.0(1.8,40.1) 276 4150

#Limits of detection (LOD) were: 0.2 ng/mL (butylépropyl paraben) and 1.0 ng/mL (ethyl and metlayhpen). In accordance with
CDC guidelines, a GM is only reported when the ct&da frequency is greater than 40% for the spedifubgroup; and all statistics
reported have been weighted to account for the EmpHANES survey design.

b p_value fromy? test for differences in detection frequency basedender among all 4023 children.

© P-value fromy2 test for differences in detection frequency basedurrent asthma status among all 4023 children.

¢ p-value fromy2 test for differences in detection frequency basedender among the 450 children with currentraath

¢ P-value fromy2 test for differences in detection frequency basedender among the 3573 children without curastiima.

 p-values reported are from t-tests examining wérgtlaraben biomarker concentrations differed bylgemmong the specified subgroups
(i.e., differences in concentrations between baykgirls among those with asthma and differencesntentrations between boys and
girls among those without asthma).

9 P-values reported from t-tests examining whetlagalpen biomarker concentrations among childrenowtth current asthma diagnosis
differed from those observed among children wittuaent asthma diagnosis.

Abbreviations: LOD- limit of detection; GM- geomietmean; Max: Maximum concentration observed; <LQ@idlicates that summary
statistic value was below the detection limit foe respective paraben.



Table 4. Associations of exposure to parabens with regpiyanorbidity measures and
current asthma prevalence among all children 6eEs/from the U.S. general population,
NHANES 2005-2014.

cPOF (95% Cl) p aPOF 95% CI p
Mor bidity
ED visits for asthm® (n=450
Butyl parabe (<LOD vs.>LOD) 1.4 (0.78 2.63 0.2¢ 1.4 (0.73 2.84 0.2¢
Ethyl parabe (<LOD vs.>LOD) 1.07 (0.56 2.05, 0.8¢ 1.0 (0.52 2.222 0.8
Methyl parabe (log-10, ng/mL 1.2z (0.70 2.14 0.4¢ 1.2z (0.63 2.38 0.5t
Propyl parabe (log-10, ng/mL 1.1C (0.72 1.66, 0.6€ 1.1t (0.64 2.07 0.64
Asthma attacks(n=450)
Butyl paraben (<LOD vs>LOD) 1.5z (0.86 2.68 0.1t 1.7¢ (0.94 3.39 0.0¢
Ethyl paraben (<LOD v&>LOD) 0.6¢ (0.41 1.16 0.1¢ 0.81 (0.46 1.42 0.4¢
Methyl paraben (Ic-10, ng/mL 0.7¢ (0.55 1.05 0.0¢ 0.81 (0.55 1.18 0.2¢
Propyl paraben (Ic-10, ng/mL 0.77 (0.56 1.06 0.11 0.8¢ (0.59 1.25 0.41
Prevalence
Current asthn® (n=4023
Butyl paraben (<LOD vs>LOD) 0.8z (0.63 1.08 0.1f 0.8 (0.62 1.100 0.1¢
Ethyl paraben (<LOD v£LOD) 1.1¢ (0.89 1.47 0.2¢ 1.0¢ (0.84 1.41 0.5C
Methyl paraben (Ic-10, ng/mL 1.21 (1.01 1.45 0.0 1.17 (0.94 1.46 0.1
Propyl parabe((log-10, ng/mL 1.21 (1.04 1.41 0.02* 1.2C (1.00 1.43 0.0t

& Crude models were adjusted for log10-creatinineentrations and adjusted models were adjustedyioirayears,
sex (overall crude and adjusted models only), ggvurcome ratio (continuous), race/ethnicity (noisfpanic White,
non-Hispanic Black, Mexican American, Other; wh@&ther includes Multi-racial, Asian, and other Hisjzd, surve)
cycle year (2005-2006, 2007-2008, 2009-2010, 20011222013-2014), and log10 creatinine concentration

b ED visit(s) are defined as affirmative responsehtoquestion‘During the past 12 months, have you had to visit
an emergency room or urgent care center becauastbfma?’; asthma attacks are defined as affirmative regsons
to the questiort:During the past 12 months, have you had an epistfdesthma or an asthma attack2nd current
asthma is defined as an affirmative response taqestions: Fas a doctor or other health professional ever told
you that you have asthma@hd“Do you still have asthma?”.

Abbreviations: cPOR=crude Prevalence Odds RaR®R=adjusted Prevalence Odds R&lie; Confidence Interve
p=p-value; *p<0.05



Table5. Associations of exposure to parabens with regpiyanorbidity measures among children
with asthma and with current asthma prevalencéifsichby gendef.

aPOF 95% CI p aPOF 95% Cl p P-int
Morbidity Boys (n=248) Girls(n=202)
ED visits for asthm®
Butyl paraben (<LOD vs>LOD) 2.1€ (0.79 5.93 0.1: 1.0: (0.44 2420 0.9t 0.2¢
Ethyl paraben (<LOD ve>LOD) 1.14 (0.47 2.78  0.7¢ 1.01 (0.34 3.01, 0.9¢ 0.8¢
Methyl paraben (Ic-10, ng/mL 261 (140, 485 0.003* 0.57 (0.23 1.44, 0.2 0.002*
Propyl paraben (I-10, ng/mL 218 (122, 3.89) 0.01* 0.61 (0.28 1.37. 0.2 0.003*

Asthma attacks

Butyl paraben (<LOD ve>LOD) ~ 1.5¢€ (0.76 3.18 0.2  1.9¢ (0.76 5.16 0.1€  0.6¢
Ethyl paraben (<LOD v&LOD) 058 (0.27 1.11' 0.0¢ 1.1 (0.49 2.86 0.71  0.1¢
Methyl paraben (Ic-10, ng/mL. 0.8¢ (0.57 1.31' 0.4¢  0.7¢ (0.44 1.300 031 0.6

Propyl paraben (I-10, ng/mL 0.9¢ (0.64 1.38 0.7¢ 0.7¢ (0.46 1.34 0.37 0.5Z
Prevalence
Current asthn® Boys (n=2068) Girls (n=1955)

Butyl paraben (<LOD v<>LOD) 0.9¢ (0.64 1.420 0.8 0.7: (0.46 1.16, 0.1¢ 0.4z
Ethyl paraben (<LOD v&LOD) 1.0¢ (0.75 1.60 0.6¢ 1.0¢ (0.74 1.60 0.6¢ 0.9¢
Methyl parabel(log-10, ng/mL 1.3¢ (1.04 1.77. 0.02* 0.9¢ (0.72 1.37. 0.9¢ 0.1z
Propyl paraben (I-10, ng/mL 1.2 (1.00 1.57° 0.0t 1.1¢ (0.87 1.49 0.3¢ 0.5¢
& Adjusted models included age in years, povertyrimeoatio (continuous), race/ethnicity (non-Hispamhite, non-Hispanic
Black, Mexican American, Other; where Other inclidulti-racial, Asian, and other Hispanic), surnagygle year (2005-2006,
2007-2008, 2009-2010, 2011-2012, 2013-2014), agtild@reatinine concentrations as covariates.
=) visit(s) are defined as affirmative responsehoquestion’During the past 12 months, have you had to visieenergency
room or urgent care center because of asthma®thma attacks are defined as affirmative regmotwsthe questiofiburing the
past 12 months, have you had an episode of asthama asthma attack?’and current asthma is defined as an affirmagsponse
to two questions:Has a doctor or other health professional ever tpddl that you have asthmaahd“Do you still have asthma?”.
Abbreviations: cPOR=crude Prevalence Odds RaBR@R=adjusted Prevalence Odds Ratio; Cl= Confidernieeval;
p=g-value; *p<0.0}; p,=p-value for interaction term (sex*biomarke
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Table E1. Associations of exposure to parabens with regpiyanorbidity measures among children with asthnwith current asthma
prevalence, adjusting for serum cotinine conceiotnaf

Subsample of children with  Subsample of children with ~ Subsample of children with

cotininedata (cotininenot  cotinine data (cotininenot in  cotinine data and cotininein Stratified results by gender on the subsample of children

with cotinine data and cotininein the models

in the model) the model) the model
Crude POR Adjusted POR Adjusted POR
cPOR 95% ClI p-value aPOR 95% ClI p-value aPOR 95% ClI p-value aPOR 95% ClI p-value aPOR 95% ClI p-value Pint
Mor bidity Boys (n=166) Girls(n=146)
ED Visits (n=312)
BP 1.18 (0.61,2.31 0.61 1.26 (0.58, 2.73) 0.56 1.25 (0.58, 2.72) 0.57 1.97 (0.59, 6.55) 0.26 0.90 (0.35, 2.36) 0.83 0.32
EP 1.05 (0.50,2.22° 0.89 1.10 (0.49, 2.49) 0.81 1.12 (0.50, 2.52) 0.78 1.08 (0.40, 2.96) 0.88 1.15 (0.35, 3.75) 0.82 0.94
MP 1.01 (0.54,1.89 097 1.03 (0.47, 2.26) 0.93 1.03 (0.47, 2.26) 0.94 286 (1.31, 6.25) 0.01* 0.50 (0.18, 1.39) 0.18 0.003*
PP 1.00 (0.64,157 1.00 1.05 (0.53, 2.08) 0.90 1.04 (0.52, 2.07) 0.91 237 (1.17,4.79) 0.02* 0.56 (0.23, 1.40) 0.21 0.003*

Asthmaattacks (n=312)
BP 1.77 (091,347 0.09 263 (1.31,5.28) 0.01* 2.64 (1.32,5.31) 0.01* 243 (1.02, 5.78) 0.04 2.81 (1.03, 7.70) 0.05 0.83

EP 0.80 (0.43,150 049 1.13 (0.58, 2.20) 0.71 1.13 (0.58, 2.20) 0.72 0.65 (0.27, 1.57) 0.34 1.82 (0.65, 5.09) 0.25 0.15
MP 0.69 (0.45,1.06 0.09 080 (0.51, 1.28) 0.35 081 (0.51, 1.28) 0.36 0.81 (0.47, 1.40) 0.44 0.80 (0.44, 1.46) 0.47 0.99
PP 0.79 (054,117 023 1.00 (0.63, 1.59) 1.00 1.00 (0.63, 1.59) 0.99 1.14 (0.69, 1.88) 0.61 091 (0.50, 1.65) 0.75 0.46
Prevalence
Current asthma (n=2833) Boys (n=1465) Girls (n=1368)
BP 0.83 (0.59,1.18 0.30 0.83 (0.58, 1.20) 0.32 0.83 (0.58,1.19 0.31 1.07 (0.65, 1.76) 0.80 0.69 (0.40, 1.17) 0.16 0.25
EP 1.15 (0.85,1.56, 0.37 1.10 (0.81, 1.50) 054 1.11 (0.81,1.51 0.52 1.09 (0.66, 1.78) 0.73 1.12 (0.71, 1.77) 0.61 0.93
MP 1.17 (0.93,146, 0.17 121 (0.92,159) 0.17 121 (0.92,1.60, 0.17 1.41 (1.04, 1.92) 0.03 1.03 (0.70, 1.52) 0.87 0.16
PP 1.15 (0.96,1.37 0.13 1.17 (0.95, 1.43) 0.13 1.17 (0.95,1.44 0.13 1.24 (0.96, 1.59) 0.10 1.11 (0.83, 1.50) 0.47 0.58

a. Crude models were adjusted for log10-creatinareentrations and adjusted models were adjusteah®in years, sex (except stratified models)epgincome ratio (continuous), race/ethnicity
(non-Hispanic White, non-Hispanic Black, Mexican émcan, Other), survey cycle year (2005-2006, 20008, 2009-2010, 2011-2012, and 2013-2014), log&&timine concentrations, and serum cotinine
concentrations. Abbreviations: BP=Butyl parabendgeied as <LOD vs. >LOD); EP=Ethyl paraben (modele&LOD vs. >L OD); MP=Methyl paraben (modeled as18 concentrations in ng/mL);
PP=Propyl paraben (modeled as log-10 concentraitiomg/mL); cPOR=crude Prevalence Odds Ratio; aPfRrsted Prevalence Odds Ratigiginteraction term p-value (sex*biomarker term).’0pe5



Table E2. Associations of exposure to parabens with regpiyanorbidity measures among children with asthnwith current asthma

prevalence, adjusting for BMI z-scorés.

Subsample of children with
BM I data (bmi z-score not

Subsample of children with
BM I data (bmi z-score not

Subsample of children with
BMI data and bmi z-score

Stratified results by gender on the subsample of children with

in the model) in the model) in the model BM I data and bmi z-scorein the models
Crude POR Adjusted POR Adjusted POR
cPOF 95% CI p-value aPOR 95% CI  p-value aPOR 95% CI  p-value aPOR 95% CI  p-value aPOR 95% ClI p-value pin
M or bidity Boys (n=247) Girls (n=199)
ED Visits (n=446)
BP 1.43 (0.78,2.61 0.25 1.44 (0.73, 2.83) 0.29 1.46 (0.75,2.85, 0.26 2.19 (0.78, 6.12) 0.14 1.04 (0.45, 2.37) 0.93 0.27
EP 1.07 (0.56,2.05 0.84 1.07 (0.52, 2.23) 0.85 1.1( (0.52,2.33 0.79 1.16 (0.48, 2.80) 0.74 1.06 (0.36, 3.13) 0.91 0.90
MP 1.22 (0.70,2.13 0.48 1.22 (0.63, 2.38) 0.55 1.24 (0.65,2.36; 0.52 259 (1.41, 4.75) 0.003* 0.59 (0.24, 1.45) 0.25 0.001*
PP 1.09 (0.72,1.66, 0.67 1.15 (0.64, 2.07) 0.64 1.16 (0.65,2.05 0.62 2.16 (1.22, 3.81) 0.008* 0.62 (0.28, 1.37) 0.23 0.002*
Asthma attacks (n=446)
BP 1.51 (0.852.67, 0.16 1.78 (0.93, 3.41) 0.08 1.74 (0.®27, 0.09 152 (0.74, 3.10) 0.25 1.94 (0.76, 4.98)170. 0.67
EP 0.69 (0.411.17 0.17 0.82 (0.46, 1.43) 0.47 0.80 (0.4541 0.43 0.54 (0.27, 1.09) 0.09 1.15 (0.46, 2.87)760. 0.21
MP 0.76 (0.55,1.06] 0.10 0.82 (0.56, 1.19) 0.28 0.81 (0.3518 0.27 0.87 (0.57, 1.34) 0.53 0.75 (0.43, 1.30)300. 0.62
PP 0.77 (0.55,1.06] 0.11 0.86 (0.59, 1.25) 0.42 0.85 (0.3924 0.41 0.95 (0.65, 1.40) 0.80 0.77 (0.45, 1.31)330. 0.43
Prevalence
Current asthma (n=3993) Boys (n=2056) Girls (n=1937)
BP 0.83 (0.631.08 0.16 0.83 (0.62, 1.11) 0.20 0.84 (0.64311 0.22 0.95 (0.64, 1.41) 0.80 0.75 (0.48, 1.19)220. 0.48
EP 1.15 (0.901.48 0.26 1.10 (0.85, 1.42) 0.46 1.11 (0.8643  0.40 1.08 (0.74, 1.58) 0.69 1.14 (0.78, 1.67)480. 0.84
MP 121 (1.011.45 0.04* 1.18 (0.95, 1.47) 0.14 1.20 (0.9648 0.10 1.36 (1.05, 1.77) 0.02* 1.03 (0.75, 1.41).870 0.16
PP 1.21 (1.04,1.41° 0.01* 1.20 (1.01, 1.44) 0.04* 1.22 (1.0245 0.03* 1.25 (1.00, 1.56) 0.05 1.18 (0.91, 1.53).210 0.72

a. Crude models were adjusted for log10-creatinoreentrations and adjusted models were adjusteabfin years, sex (except stratified models)epgvncome ratio (continuous), race/ethnicity (non
Hispanic White, non-Hispanic Black, Mexican Americ®ther), survey cycle year (2005-2006, 2007-2@089-2010, 2011-2012, 2013-2014), log10 creatinoreentration, and bmi z-score.
Abbreviations: BP=Butyl paraben (modeled as <LODxOD); EP=Ethyl paraben (modeled as <LOD vs. >)OB@P=Methyl paraben (modeled as log-10 concemnatin ng/mL); PP=Propyl paraben
(modeled as log-10 concentrations in ng/mL); cPQRee Prevalence Odds Ratio; aPOR=adjusted Prewa(@dds Ratio; p=interaction term p-value (sex*biomarker term). &B5



Table E3. Associations of exposure to parabens with respiyatwrbidity measures among children with asthnahwaith current asthma
prevalence, adjusting fawg10-triclosan, bisphenol A, and 2,5-dichlorophesancentration&”

All children
All children bty zf%ré.i?iﬂfé;ﬂ;'ii? ’ Stratified results by gender adjusting for logl0-
' ' . concentrations of triclosan, BPA, 2,5-dichlorophenol
concentrations)
CrudePOR Adjusted POR
cPOR 95% Cl p-value aPOR 95% Cl  p-value aPOR 95% CI  p-value aPOR 95% CI p-value
Morbidity Boys (n=248) Girls(n=202)
ED Visits (n=45()
BP 1.4 (0.78 2.63 0.24 1.3¢ (0.67 2.79 0.3¢ 2.2z (0.78 6.28 0.1: 0.8¢ (0.36 2.12 0.77 0.1¢
EP 1.07 (0.56 2.05 0.8/ 1.0¢ (0.52 2.13 0.87 1.1¢ (0.48 2.88 0.7z 0.9¢ (0.35 2.62 0.9 0.7¢
MP 1.2z (0.70 2.14 0.4¢ 1.2¢ (0.65 2.37 0.51 2.7C (142 5.14 0.0C3* 0.57 (0.25 1.300 0.1¢ 0.00r
PP 1.1C (0.72 1.66 0.6¢€ 1.1¢ (0.67 2.10 0.5¢ 2.2¢ (1.25 4.02 0.0 0.6C (0.30 1.24 0.17 0.00r
Asthma attacks (n=450)
BP 152 (0.86 2.68 0.1t 1.81 (0.93 3.55 0.0¢ 1.5¢ (0.76 3.19 0.22 2.0¢ (0.76 5.58 0.1t 0.65
EP 0.6¢ (0.41 1.16 0.1¢ 0.8z (0.47 1.43 0.4¢ 0.5t (0.27 1.11 0.0¢ 1.2z (0.50 2.98 0.6t 0.17
MP 0.7¢ (0.55 1.05] 0.0¢ 0.81 (0.56 1.18 0.27 0.8t (0.56 1.29 0.4 0.7¢ (0.45 1.33 0.3t 0.77
PP 0.77 (0.56 1.06 0.11 0.8¢ (0.59 1.26 0.4¢ 0.9¢ (0.64 1.38 0.7¢ 0.8C (0.47 1.36 0.4C 0.5¢
Prevalence
Current asthma (r4027) Boys (n=2068) Girls (n=1955)
BP 0.8z (0.63 1.08 0.1t 0.81 (0.61, 1.08) 0.15 0.9¢ (0.64 1.42 0.8z 0.71 (0.45 1.12 0.1¢ 0.37
EP 1.1¢ (0.89 1.47 0.2¢ 1.07 (0.83, 1.38) 0.61 1.0¢ (0.74 1.58 0.6¢ 1.0¢ (0.72 1.56 0.77 0.9t
MP 1.21 (1.01 1.45 0.0# 1.16 (0.93, 1.44) 0.19 1.3¢ (1.03 1.79 0.0 0.9¢ (0.71 1.35 0.9C 0.12
PP 1.21 (1.04 1.41° 0.0z 1.18 (0.99, 1.41) 0.07 1.2¢ (0.99 1.55 0.0¢ 1.1 (0.87 1.47 0.37 0.5¢

a. Crude models were adjusted for log10-creatinomeentrations and adjusted models were adjusteabfoin years, sex (except stratified models)epgnincome ratio (continuous), race/ethnicity
(non-Hispanic White, non-Hispanic Black, Mexican émgan, Other), survey cycle year (2005-2006, 20078, 2009-2010, 2011-2012, and 2013-2014), logdrsformed creatinine, triclosan,
bisphenol A, and 2,5-dichlorphenol concentratidksbreviations: BP=Butyl paraben (modeled as <LODxOD); EP=Ethyl paraben (modeled as <LOD vs. >D)0OWP=Methyl paraben (modeled
as log-10 concentrations in ng/mL); PP=Propy! panafmmodeled as log-10 concentrations in ng/mL); RRE&ude Prevalence Odds Ratio; aPOR=adjusted RPresalOdds Ratio;=interaction term
p-value (sex*biomarker term). *p<0.05



Online Repository Figure L egends.

Figure E1. Analysis subsamples for examining associations éetvexposure to parabens
and current asthma among all children and with Edsvand asthma attacks among
children 6-19 years with asthma (NHANES 2005-2014)



