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Abstract

Background—Although pregnancy concentrations of some phenols have been associated with 

infant size at birth, there is limited data on the effect of preconception exposure.

Objective—We aimed to examine paternal and maternal preconception and maternal prenatal 

urinary phenol concentrations in relation to birth weight and head circumference.

Methods—We evaluated 346 singletons born to 346 mothers and 184 fathers (184 couples) from 

a prospective preconception cohort of subfertile couples from the Environment and Reproductive 
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Health (EARTH) Study in Boston, USA. We used multiple urine samples collected before the 

index pregnancy in both men and women to estimate mean preconception urinary 

benzophenone-3, triclosan, butylparaben, propylparaben, methylparaben, or ethylparaben 

concentrations. We also estimated mean maternal prenatal urinary phenol concentrations by 

averaging trimester-specific urine samples. Birth weight and head circumference were abstracted 

from delivery records. We estimated the association of natural log-phenol concentrations with 

birth outcomes using multivariable linear regression models, adjusting for known confounders.

Results—In adjusted models, each log-unit increase in paternal preconception benzophenone-3 

concentration was associated with a 137 g increase in birth weight (95% CI: 60, 214). Additional 

adjustment for prenatal benzophenone-3 concentration strengthened this association. None of the 

maternal preconception phenol concentrations were associated with birth weight. However, 

maternal prenatal triclosan concentrations were associated with a 38 g decrease in birth weight 

(95% CI: −76, 0). Few associations were observed between phenols and head circumference 

except for a decrease of 0.27 cm (95% CI: −54, 0) in relation to maternal preconception 

methylparaben concentration.

Conclusions—Although our findings should be interpreted in light of inherent study limitations, 

these results suggest potential evidence of associations between some paternal or maternal phenol 

concentrations and birth size.

INTRODUCTION

Birth size, a well-known marker of the intrauterine environment and fetal growth, is also one 

of the strongest predictors of neonatal morbidity and mortality (Basso et al. 2006; Calkins 

and Devaskar 2011; Kramer 1987; Wilcox 2001). Low birth weight infants (<2500 grams) 

have a significantly higher risk of death in the first year of life and a higher risk of disease 

and disability in childhood (Mathews and Driscoll 2017). Both low and high birth weight for 

gestational age are also associated with increased risk of chronic diseases later in life and 

premature adult death (Baker et al. 2008; Calkins and Devaskar 2011). Head circumference 

at birth – also a marker of fetal growth – is associated with poorer neurocognitive 

development and deficits in children (Cheong et al. 2008; Peterson et al. 2003). While many 

determinants of birth size are well established, including gestational age, maternal and 

paternal anthropometry, maternal nutritional status, pre-pregnancy weight and gestational 

weight gain, and tobacco use, others remain unknown (Kramer 1987; Valero De Bernabe et 

al. 2004). Exposure to some endocrine disrupting chemicals (EDCs) in utero may also 

influence fetal growth and consequently birth weight (Ferguson et al. 2016; Gore et al. 2015; 

Woodruff et al. 2008). However, important gaps remain including understanding the extent 

to which environmental chemicals impact birth size across different critical windows of 

exposure, including the preconception period.

Among the multitude of potential EDCs, there is widespread general population exposure to 

parabens, benzophenone-3, and triclosan which are used in many personal care products 

(Ferguson et al. 2017). Human exposure to these chemicals is ubiquitous in the United 

States, Europe, and elsewhere (Ferguson et al. 2017; Frederiksen et al. 2013; Guidry et al. 

2015). Parabens, due to their anti-microbial and anti-fungal properties, are widely used as 

preservatives in products such as moisturizers, skin lotions, and other personal care products 
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to increase shelf life (Giulivo et al. 2016). Benzophenone-3 is commonly used as an 

ultraviolet filter in sunscreens. The highest benzophenone-3 concentrations have been found 

in skin lotions (including sunscreens, face creams and body lotions), but also in makeup 

products (Liao and Kannan 2014). Triclosan is a multi-purpose antibacterial agent used in 

pharmaceuticals, household and personal care products such as hand-soap, mouthwash, and 

toothpaste (Dann and Hontela 2011). Concern over possible health effects of triclosan led 

the Food and Drug Administration to ban its use in over-the-counter antiseptic wash 

products in the United States in 2017 (Federal-Register 2016).

Accumulating epidemiologic evidence suggests that several EDCs such as some phthalates 

and phenols are associated with reproductive outcomes, including reduced birth weight, but 

also increased birth weight depending on the chemical (Lenters et al. 2016; Philippat et al. 

2012; Wolff et al. 2008). Given that EDCs possess varied and complex mechanisms of 

action, both at the endocrine, neuro-endocrine, and metabolic levels (Mustieles et al. 2015), 

the relationship between EDC exposure and pregnancy and fetal-infant health is complex. 

Although a strong rationale for studying the prenatal window exists, the preconception 

period remains a potentially important but mostly unexplored critical window of exposure 

for perinatal and infant outcomes. Even less is known about the effects of paternal 

preconception exposure on the health of offspring. Our study therefore aimed to investigate 

whether paternal and maternal preconception phenol exposure, in addition to maternal 

prenatal exposure, was associated with birth weight and head circumference in a prospective 

cohort of couples undergoing treatment in a large fertility center.

METHODS

Study Cohort

The Environment and Reproductive Health (EARTH) Study is a prospective preconception 

cohort of couples from the Massachusetts General Hospital (MGH) Fertility Center. The 

EARTH Study – designed to assess the impact of environmental exposures and nutrition on 

fertility and pregnancy outcomes – has been ongoing since 2004 and has recruited 

approximately 800 women and 550 men to date (Messerlian in press). Women 18 – 46 years 

and men 18 – 55 years are eligible to participate and may enroll independently or as a 

couple. Participants are followed from study entry throughout their fertility care, pregnancy, 

and labor and delivery. At study entry, study participants complete questionnaires on socio-

demographic, lifestyle, and medical and reproductive history, occupational history, diet, and 

personal care product use. Biospecimen collection includes spot urine and blood samples at 

baseline enrollment and subsequently when couples undergo treatment with medically 

assisted reproduction and during each trimester of pregnancy for those achieving conception.

This analysis included male and female participants from the EARTH Study with a singleton 

infant born between 2005 and 2016 (N=385) and for whom we had measured at least one 

urinary phenol concentration for the index birth (N=346) (see Figure 1, Participant Flow 

Chart). Among the 346 singleton infants, at least one urine sample was collected before 

conception of the index pregnancy for 330 mother-child pairs and 184 father-child pairs and 

analyzed for paraben concentrations. Measurement of benzophenone-3 and triclosan began 

in 2012 and preconception urinary concentrations of these phenols were available for 205 
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mother-child pairs and 101 father-child pairs (see Figure 1 for corresponding prenatal 

samples). Trained study staff described the study protocol to all participants in detail and 

answered questions. Participants provided signed informed consent. The study was approved 

by the Institutional Review Boards of MGH, Harvard T.H. Chan School of Public Health, 

and the Centers for Disease Control and Prevention (CDC).

Phenol exposure assessment

At enrollment, men and women provided a single spot urine sample. Women provided up to 

two additional spot urine samples per fertility treatment cycle: the first sample was obtained 

during the follicular monitoring phase of the cycle and the second sample was obtained on 

the day of the fertility procedure (either at time of oocyte retrieval/embryo transfer for in-

vitro fertilization [IVF] based treatment or on the day of intrauterine insemination [IUI]). 

During pregnancy, women also provided one spot urine sample per trimester (median: 6, 21 

and 35 weeks gestation). Men provided one additional spot urine sample per treatment cycle 

on the day when their female partner underwent the fertility procedure (see (Messerlian in 

press).

Urine was collected in a polypropylene specimen cup and analyzed for specific gravity with 

a handheld refractometer (National Instrument Company, Inc., Baltimore, MD, USA), 

divided into aliquots, and frozen for long-term storage at −80 °C. All samples were shipped 

on dry ice overnight to the CDC (Atlanta, GA, USA) for quantification of urinary phenol 

concentrations using solid phase extraction coupled with high performance liquid 

chromatography-isotope dilution tandem mass spectrometry (Silva et al. 2007). The urinary 

concentrations of the following phenols were measured: benzophenone-3, triclosan, 

butylparaben, propylparaben, methylparaben, and ethylparaben. The limits of detection 

(LOD) ranged from 0.1 to 1.0 ng/ml. Concentrations below the LOD were assigned the LOD 

divided by the square root of two (Hornung 1990). We calculated the molar sum of parabens 

by dividing each concentration by its molecular weight and then summing:

∑Parabens = Butylparaben ∗ 1/194.23 + Methylparaben ∗ 1/152.15 + Propylparaben ∗ 1/180.20 +
Ethylparaben ∗ 1/166.18 .

Birth weight and head circumference outcome assessment

Birth weight in grams (g) and head circumference in centimeters (cm) were abstracted from 

hospital delivery records by trained study staff. Gestational age was abstracted from delivery 

records. Gestational age was validated using the American College of Obstetricians and 

Gynecologists guidelines for births following medically assisted reproduction (ACOG 

2014). For IVF-conceived index births, we estimated gestational age as: (outcome date - date 

of transfer) + 14 + cycle day of transfer. For IUI and non-medically assisted/naturally-

conceived pregnancies, we used birth date minus cycle start date confirmed with first 

trimester ultrasound estimates. Birth weight and head circumference were assessed for 

implausible values by examining corresponding gestational age and then cross-validation 

with delivery records by study nurse (corrected for two infants).
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Covariates

Demographic characteristics of study participants including age, race, and education were 

obtained from the enrollment questionnaire. A study nurse measured the height and weight 

of the male and female participants at baseline entry into the cohort. Body Mass Index 

(BMI) was calculated as weight (kilograms) divided by height (meters) squared. Smoking 

status was self-reported at baseline. The treating infertility physician diagnosed the 

underlying cause of infertility using the Society for Assisted Reproductive Technology 

definitions. Infant sex, mode of delivery (vaginal vs. caesarian), and date of birth (for 

season) were abstracted from maternal delivery records by study staff. Clinical information 

about type of medically assisted reproduction used in the conception cycle of the index birth 

was abstracted from the electronic medical records by trained study staff. We dichotomized 

medically assisted reproduction based on type of treatment: all IVF-based procedures (e.g., 

fresh or frozen IVF protocols, including intracytoplasmic sperm injection) vs. non-IVF 

based protocols (e.g., IUI with or without ovulation induction/stimulation; ovulation 

induction/stimulation with timed intercourse, or non-medically assisted/naturally 

conceived).

Statistical analysis

Urinary phenol concentrations were adjusted for urine dilution by multiplying the 

concentration by [(SGp-1)/(SGi-1)], where SGi is the specific gravity of the participant’s 

sample and SGp is the mean specific gravity for all male or all female participants included 

in the study samples (Pearson et al. 2009). The specific gravity-adjusted phenol 

concentrations were natural log-transformed to standardize the distribution and reduce the 

influence of outliers. We estimated mean paternal and maternal preconception phenol 

exposure by averaging each participant’s log-phenol concentration obtained from study 

entry and at each treatment cycle up to and including the cycle of the index conception of the 

singleton birth. We estimated mean maternal prenatal phenol exposure by averaging all 

trimester-specific log-phenol concentrations obtained from women during the index 

pregnancy. When only one urine sample was available, the phenol concentration for that 

single sample was used. We calculated descriptive statistics for phenol concentrations for the 

three exposure windows as well as the proportion of samples with phenol concentrations 

below the LOD. We also calculated Pearson correlation coefficients for each log-phenol 

concentration among couples (paternal vs. maternal).

We estimated associations of paternal and maternal preconception and maternal prenatal log-

phenol concentrations with birth outcomes using multivariable linear regression models. We 

fit a separate model for each phenol biomarker. Beta coefficients and 95% confidence 

intervals (CIs) represent the difference in birth weight (g) and head circumference (cm) for 

each log-unit increase in urinary phenol concentration.

We selected potential confounders a priori based on substantive knowledge using a directed 

acyclic graph (DAG) (Supplementary Appendix, Figure 1A). Maternal preconception/

prenatal covariate models included: maternal age and BMI (continuous), maternal education 

(<college, college, graduate degree), smoking status (never smoked vs. ever smoked, defined 

as a current or former smoker), and IVF vs. non-IVF-based treatment. Paternal 
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preconception covariate models included: paternal and maternal age and BMI (continuous), 

paternal and maternal smoking (ever/never), maternal education (<college, college, graduate 

degree), and IVF vs. non-IVF-based treatment. We also adjusted for mode of delivery in 

models for head circumference, and season of birth in our birth weight models given the 

potential for seasonal variation in the use of personal care products and therefore phenol 

concentrations (Romano et al. 2017). There is also evidence to suggest that there is seasonal 

trends in birth weight (Murray et al. 2000).

We further adjusted for phenol concentration co-exposure by partner or prenatal window by 

additionally including the specific phenol concentration into each individual multivariable 

model. For example, for paternal preconception exposure, our regression models were: 

Y[birth weight ]= β0+ β[paternal phenol-concentration] + β[covariates] + β[maternal 

prenatal phenol-concentration], where phenol represents each of the individual biomarkers 

assessed separately.

As previous studies have observed sex-specific associations between EDC exposure and size 

at birth (Philippat et al. 2012; Wolff et al. 2008), we conducted a stratified sensitivity 

analysis by adding a cross-product term for interaction (phenol concentration*sex). We 

considered a p-value for the interaction term <0.20 as possible effect-modification by infant 

sex on the multiplicative scale. In addition, we further adjusted our main paternal covariate-

adjusted models for the sum of paternal urinary concentrations of di(2-ethylhexyl) phthalate 

metabolites (ΣDEHP) based on our previously reported associations with birth weight 

(Messerlian et al. 2017). Lastly, we conducted a post-hoc sensitivity analysis for our 

significant paternal benzophenone-3 and birth weight finding whereby we stratified men by 

normal BMI (<25 kg/m2) and high BMI (≥25 kg/m2) and tested for interaction in order to 

examine whether results differed by BMI groups. We did this in both continuous models as 

well as by quartiles in order to fully explore potential confounding by BMI. We performed 

all statistical analyses using SAS version 9.4 (SAS Institute Inc., Cary, USA).

RESULTS

Study Cohort

The study cohort included 346 mothers and 184 fathers (184 couples) with an average age of 

34.8 and 35.7 years at the time of enrollment, respectively. Participants were predominantly 

Caucasian (women, 86%; men, 89%), and never-smokers (women, 74%; men, 70%). Most 

women were nulliparous (83%), had college or graduate degrees (94%), 31% presented with 

a BMI ≥25 kg/m2 and about 33% had a female factor as the primary cause of infertility 

(Table 1). In men, 68% had a BMI ≥25 kg/m2 and around a third had a male factor infertility 

diagnosis (Table 1). Among the 346 singletons, 52% were male infants and 56% were 

conceived after IVF-based treatment. Average birth weight was 3373 g (SD=534) and head 

circumference was 34.3 cm (SD=2.5), 7.5% of infants were born preterm (<37 weeks, 

n=26/346), and 3.5% (n=12/346) were low birth weight, however proportions differed by 

infant sex (Table 2).
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Phenols exposure

Most participants provided multiple urine samples per exposure window: 78% of men 

provided 2 or more urine samples (median 2, min-max: 1–10) in the preconception period, 

and 78% and 85% of women provided 2 or more urine samples in the preconception and 

prenatal periods, respectively (median 3, min-max: 1–20). The geometric means of the 

specific gravity–adjusted urinary phenol concentrations are reported in Table 3. Urinary 

benzophenone-3 geometric mean concentrations were 60.3, 173 and 146 ng/ml in the 

paternal preconception, maternal preconception and maternal prenatal windows, 

respectively, while triclosan concentrations were 21.2, 17.6 and 12.2 ng/ml, respectively. 

Methylparaben and propylparaben geometric mean urinary concentrations were 28.4 and 3.1 

ng/ml in the paternal preconception window, respectively; 130 and 26.4 ng/ml in the 

maternal preconception window; and 95.7 and 17.1 ng/ml in the maternal prenatal window. 

Butylparaben had the lowest concentrations, ranging from 0.32 to 1.2 ng/ml and had 

detection frequencies between 20%–50% depending on the window of exposure. The 

percentage of urine samples with detectable concentrations of phenols ranged from 20% 

(paternal preconception butylparaben) to 100% (paternal and maternal preconception 

benzophenone-3) (see Table 3 for all detection limits). Phenol concentrations were 

moderately correlated among couples and within subject across exposure windows: maternal 

preconception and prenatal butylparaben had the highest correlation (Pearson’s r = 0.63), 

while the lowest was found for paternal preconception and maternal prenatal methylparaben 

(Pearson’s r = 0.08). Paternal and maternal preconception triclosan was also moderately 

correlated (Pearson’s r = 0.62) (Supplementary Appendix Table 2A). We excluded all 

ethylparaben and paternal butylparaben from further consideration given the large 

percentage of samples below the limit of detection (54–80%).

Paternal preconception window

There was a significant positive association between paternal preconception benzophenone-3 

and birth weight among all singletons in both unadjusted and adjusted models (Table 4). 

After adjustment for covariates, each log-unit increase in paternal urinary benzophenone-3 

concentration was associated with a 137 g (95% CI: 60, 214) increase in birth weight (Table 

4). Additional adjustment for maternal prenatal benzophenone-3 concentration modestly 

strengthened findings (β= 153 g, 95% CI: 74, 234) (Table 4). In sensitivity analyses, 

additional adjustment for paternal ΣDEHP concentration did not substantially change these 

findings (data not shown). Stratification by infant sex revealed larger increases in birth 

weight among boy infants than girls, although the interaction term was not significant 

(Supplementary Appendix, Table 2A). When we stratified the total sample by father’s BMI, 

we observed some differences between men with higher BMI ≥25 kg/m2 (β= 149 g, 95% CI: 

66, 232) versus those with BMI<25 kg/m2 (β= 39 g, 95%CI: −143, 220) (p-value for the 

interaction term=0.27) (data not shown). Additional sensitivity analyses exploring quartiles 

of benzophenone-3 concentrations in models stratified by BMI revealed positive associations 

only among overweight or obese men (Supplementary Appendix, Table 3A). The remaining 

phenols biomarkers examined in the paternal preconception window were not associated 

with birth weight in the total cohort of singletons or in sex-stratified models (Tables 4 and 

2A). We also found limited evidence of associations with paternal phenol exposure and head 

circumference (Table 5).
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Maternal preconception window

Few associations were found between maternal preconception urinary phenol biomarkers 

and birth weight in unadjusted or covariate-adjusted models (Tables 4); nor did we observe 

any sex specific differences (Supplementary Appendix, Table 2A). We did observe a 

decrease in head circumference for each log-unit increase in methylparaben concentrations 

(β= −0.27 cm, 95% CI: −0.54, 0, Table 5, Model 2). Additional adjustment for maternal 

prenatal methylparaben concentrations strengthened this association (β= −0.40 cm, 95% CI: 

−0.75, −0.04, Table 5, Model 3). Similar results were observed with the sum of the paraben 

concentrations (Table 5, Model 2 and 3).

Maternal prenatal window

Maternal prenatal triclosan concentrations were associated with birth weight decrement. In 

covariate-adjusted models, each log-unit increase in urinary triclosan concentration during 

pregnancy was associated with a 38 g (95% CI: −76, 0) decrease in birth weight (Table 4, 

Model 2). Additional adjustment for paternal triclosan concentrations strengthened the 

association, however, this finding was no longer significant (Table 4, Model 3). In sex-

stratified analysis, prenatal propylparaben concentration showed a sexually-dimorphic 

pattern: boys had a 67 g (95% CI: −133, −2) decrease in birth weight compared with only a 

2 g (95% CI: −62, 58) decrease among girls (p-value for interaction, 0.15) (Supplementary 

Appendix, Table 2A). None of the maternal prenatal phenol concentrations examined was 

associated with head circumference (Tables 5).

DISCUSSION

In this prospective preconception cohort of women and men from a fertility center, we found 

that paternal preconception urinary concentrations of benzophenone-3 were positively 

associated with birth weight. However, this result appears stronger among men with higher 

BMI than normal BMI. While we observed no associations with birth weight in relation to 

the maternal preconception window of exposure, there appeared to be a small decrease in 

head circumference associated with higher concentrations of parabens, most notably for 

methylparaben. We also observed a decrease in birth weigh in relation higher prenatal 

triclosan concentrations as well a decrease in birth weight among boys in relation to higher 

propylparaben concentrations in pregnancy. Overall, adjusting for partner’s exposure or for 

exposure in the prenatal window did not consistently change our results, although there was 

a general tendency toward attenuation for several phenols examined. Maternal prenatal 

models whereby we additionally adjusted for paternal preconception phenol concentrations 

were restricted to a smaller subset of couples and therefore a smaller sample size, which 

could have added to the variability in observed results from these models.

Our results show potential evidence of associations of some paternal and maternal phenol 

concentrations and birth size. However, our results should be interpreted cautiously given 

this is the first study to report some of these findings in this modest-sized subfertile cohort, 

we performed multiple comparisons, and results should be replicated in larger datasets. Our 

paternal benzophenone-3 finding, which was stronger among men with a higher BMI, may 

be due to confounding by body surface area resulting in greater amount of benzophenone-3 
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product use among larger men who would have constitutionally larger babies irrespective of 

exposure (Klebanoff et al. 1998). However, we cannot fully rule out a potential association 

of paternal benzophenone-3 exposure with birth weight given that even among men with 

higher BMI we found a positive p-trend across quartiles.

The urinary concentrations of phenols measured in our study were within the ranges 

reported for the US general population (CDC 2015). Biomonitoring studies have 

demonstrated that human exposure to these phenols is ubiquitous. Around 99%, 96% and 

75% of the US population presents detectable urinary concentrations of parabens, 

benzophenone-3, and triclosan, respectively (Calafat et al. 2008a; Calafat et al. 2008b; 

Calafat et al. 2010). In general, exposure to these phenols correlates with higher incomes 

and higher use of personal care products. Females therefore show consistently higher urinary 

concentrations than males (Calafat et al. 2010; Han et al. 2016), in agreement with the 

observed distribution of phenols in paternal and maternal windows of exposure in our study 

sample. As differences in exposure patterns among couples might interact to influence study 

outcomes, and fathers and mothers often share some lifestyle and personal care products, we 

additionally adjusted for phenol concentration co-exposure by partner or prenatal window. 

Although, the between couple (or exposure window) correlations were low to moderate in 

our data and we observed only a limited impact of this additional adjustment.

Although the experimental literature regarding the endocrine effects of benzophenone-3 is 

rather limited (Kinnberg et al. 2015), both estrogenic and anti-androgenic mechanisms of 

action have been reported for benzophenone-3 and its metabolites (Watanabe et al. 2015). 

However, mechanisms are likely complex, with anti-estrogenic activity also reported (Kim 

and Choi 2014). Furthermore, benzophenone-3 driven reproductive impairments have been 

reported in zebra fish and other aquatic experimental animals (Ghazipura et al. 2017; 

Kinnberg et al. 2015). Among other phenols, triclosan has been shown to be estrogenic in 

vitro (Huang et al. 2014) as well as activate the aryl hydrocarbon receptor (AhR), induce 

reactive oxygen species (Szychowski et al. 2016), and exert anti-androgenic actions affecting 

testosterone biosynthesis in rats (Kumar et al. 2008). Currently, the eco-toxicological impact 

of these chemicals has been in the spotlight based on some evidence that benzophenone-3 

might affect aquatic life and bioaccumulate in marine organisms, potentially entering the 

food chain (Sanchez-Quiles and Tovar-Sanchez 2015), while triclosan, apart from its toxicity 

to aquatic organisms, has been shown to undergo phototransformation into potentially more 

toxic and persistent compounds such as chlorinated dibenzodioxins (Bedoux et al. 2012; 

Buth et al. 2010; Kim and Choi 2014). Meanwhile, parabens show potential estrogenic 

activity with evidence of inducing diverse reproductive effects in vivo (Golden et al. 2005).

In humans, prenatal phenol exposure has been associated with offspring birth size (Etzel et 

al. 2017; Geer et al. 2017; Philippat et al. 2012; Wolff et al. 2008). Philippat and colleagues 

reported increased birth weight in response to higher urinary benzophenone-3 concentrations 

in pregnancy (Philippat et al. 2012). Although this study was limited to only examining boy 

infants, results are similar in direction to our paternal benzophenone-3 models. In contrast, 

our maternal prenatal benzophenone-3 models were not associated with birth weight. 

Moreover, Wolff and colleagues found that higher prenatal urinary benzophenone-3 

concentrations were associated with decreased birth weight among girls but with increased 
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birth weight in boys (Wolff et al. 2008). Therefore, prior associations between prenatal 

benzophenone-3 exposure and higher birth weight appear to be in the same direction as our 

paternal preconception finding. However, additional research would help increase our 

understanding and elucidate if these associations are attributable to confounding with 

parental anthropometric factors, or to benzophenone-3 itself.

Our methyl- and propylparaben findings are somewhat consistent with a recent study by 

Geer and colleagues showing inverse associations between maternal urinary butyl- and 

propylparaben concentrations and birth size (Geer et al. 2017). Our most consistent finding, 

however, is the observed association between triclosan exposure in pregnancy and a non-sex 

specific decrease in birth weight. Post-hoc analyses across quartiles of prenatal triclosan 

concentrations supported a positive linear trend. Compared to the lowest quartile, the 

difference in birth weight in quartile 2, 3, and 4 was: −32 g (95% CI: −216, 151); −135 g 

(95%CI: −319, 48); −181 g (95% CI: −362, −1) with a p-value for trend across quartiles of 

0.03. Similar associations have been reported in relation to urinary triclosan concentrations 

measured in pregnancy and birth size (Etzel et al. 2017; Philippat et al. 2014). While these 

prior studies also reported decreases in head circumference in relation to tricolsan exposure 

in pregnancy they did not adjust for mode of delivery (vaginal vs. caesarian). Our prenatal 

triclosan concentrations were also associated with head circumference, however, this 

association was attenuated and no longer significant after we adjusted for mode of delivery 

(data not shown).

While most epidemiological studies have assessed exposure to EDCs during the prenatal 

period, little is currently known about the developmental effects of EDCs when exposure is 

assessed prior to conception. Emerging research suggests that the preconception period may 

represent a sensitive and largely unexplored critical window of exposure (Braun et al. 2017). 

Experimental research suggests that both male and female preconception exposure to EDCs 

can lead to multigenerational developmental effects that are thought to be driven by 

epigenetic dysregulation in germ cells (including different patterns of DNA methylation, 

histone modification and non-coding RNAs) (Chen et al. 2016; Kumar et al. 2013; Rando 

2012; Robinson et al. 2012; Xin et al. 2015).

A major strength of the EARTH Study is its prospective, preconception design. Studying a 

subfertile population from a large academic fertility setting enabled us to examine three 

critical windows of exposure, including fathers’ exposure during the preconception period. If 

subfertile couples are more sensitive to the adverse effects of EDCs in preconception and 

pregnancy our findings may not be as generalizable to men and women from the overall 

population without fertility concern. Nevertheless, infertile couples represent an important 

vulnerable sub-population given the growing number of babies born using IVF-based 

treatment, estimated to be 1.6% of all births or >68,000 births annually in the USA, with 

even higher proportions in certain European nations. The fraction of births using non-IVF 

based treatment, such as IUI, is even higher at ~4.6% (~191,000 births), totaling >250,000 

births per year in the USA (Dyer et al. 2016; Schieve et al. 2009; Sunderam et al. 2017; 

Zegers-Hochschild et al. 2014).
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Our sex-stratified analyses were limited by fairly small subgroups and these results should 

be interpreted cautiously, although they point to a possible dimorphic effect on birth weight 

in relation to maternal prenatal propylparaben exposure. Indeed, others have previously 

reported effects by child sex in relation to phenol exposure and birth weight (Philippat et al. 

2012; Wolff et al. 2008). Currently there is a strong interest in understanding sex-specific 

effects of EDCs during pregnancy, which could be driven by differences in androgen/

estrogen balance (Liu et al. 2016), thyroid function (Aker et al. 2016), dimorphic interaction 

with the placenta (Rosenfeld 2015), differential xeno-metabolism, and/or differential 

epigenetic or gene-environment interactions (Al-Qaraghouli and Fang 2017; Gabory et al. 

2009).

While long-term exposure assessment of non-persistent EDCs is difficult given their short 

elimination half-lives and the episodic nature of their exposure, another major strength of 

our study was that we had multiple urine samples for each of the three exposure windows for 

the vast majority of participants. We were therefore able to partially account for the within-

person variability in urinary concentrations of these biomarkers by using the average 

concentration from multiple urine samples provided in the preconception and prenatal 

exposure periods. We cannot, however, rule out some degree of exposure misclassification 

given the limitations inherent in measuring exposure in spot urine samples, which represents 

a small snapshot of an individual’s overall exposure. While the EARTH Study design 

enabled us to comprehensively assess multiple paternal and maternal preconception and 

prenatal urine samples, allowing us to adjust for and carefully examine each exposure 

window in relation to birth weight, we acknowledge that in order to do so numerous 

comparisons were undertaken, which could have resulted in false positive associations 

occurring by chance. Lastly, future research should focus on examining mixtures of non-

persistent EDCs among men and women to better understand the totality of exposure among 

individuals and its potential relationship with birth outcomes.

CONCLUSION

Our study provides preliminary evidence that paternal preconception benzophenone-3 

exposure may be associated with increased birth weight, however this result may be due to 

differences among heavier men. This study highlights the need to go beyond the current 

paradigm focused solely on mothers and take into account fathers’ environmental exposures 

in perinatal and pediatric health outcomes. Our results also suggest that higher maternal 

triclosan and possibly propylparaben exposure during pregnancy may be related to lower 

infant birth weight. Overall, our observed associations were compound-, parent- and 

window-specific, reflecting the complexity of environment and health effects. Although our 

findings should be interpreted with caution in light of inherent study limitations, these 

results highlight the potential relevance of prospective fathers and pregnant mothers’ 

exposure to phenols on birth outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Pregnancy concentrations of some phenols have been associated with infant 

size at birth.

• There is limited data on the effect of paternal and maternal preconception 

exposure.

• Some paternal and maternal phenol concentrations were associated with birth 

size, however, results may be due to residual confounding or be particular to 

the cohort under study.
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Figure 1. 
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Table 1

Parental characteristics of 346 mothers and 184 fathers participating in the Environment and Reproductive 

Health (EARTH) Study.

Parental Characteristic Mothers
N=346

Fathers
N=184

Age (years)

 Mean (SD) 34.8 (3.9) 35.7 (4.4)

 Age>35, n (%) 145 (42) 100 (54)

Race, n (%)

 White 298 (86) 163 (89)

 Black 7 (2) 3 (2)

 Asian 28 (8) 13 (7)

 Other 13 (4) 5 (3)

Body Mass Index (BMI)

 Mean (SD) 24.1 (4.2) 27.2 (4.4)

 BMI ≥ 25, n (%) 107 (31) 125 (68)

Education, n (%)

 < College 20 (6) 24 (13)

 College Graduate 112 (32) 49 (27)

 Graduate Degree 189 (55) 74 (40)

 Missing 25 (7) 37 (20)

Smoking Status, n (%)

 Never 256 (74) 129 (70)

 Ever (former or current) 90 (26) 55 (30)

Infertility Diagnosis, n (%)

 Male Factor 87 (25) 55 (30)

 Female Factor 114 (33) 56 (30)

 Unexplained 145 (42) 73 (40)

Primiparous, n (%)

 Yes 287 (83) –
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Table 2

Birth characteristics of 346 singletons from the Environment and Reproductive Health (EARTH) Study.

Child Characteristics All Children
N=346

Boys
n=180

Girls
n=166

Male, n (%) 180 (52)

Birth Weight (grams)

 Mean (SD) 3373 (534) 3448 (532) 3292 (526)

 min-max 1090–5040 1310–5040 1090–4650

Head Circumference* (cm)

 Mean (SD) 34.3 (2.5) 35.0 (2.4) 33.7 (2.4)

 min-max 14.0–54.6 29.0–54.6 14.0–37.5

Low Birth Weight

 <2500grams, n (%) 12 (3.5) 4 (2) 8 (5)

Gestational Age at Birth

 Mean weeks (min-max) 39.4 (29–42) 39.4 (32–42) 39.3 (29–42)

 Mean days (min-max) 276 (205–294) 276 (224–294) 276 (205–294)

Preterm Birth

 <37 weeks, n (%) 26 (7.5) 12 (6.7) 14 (8)

Mode of Conception

 IVF 195 (56) 103 (57) 92 (55)

 Non-IVF or Untreated 151 (44) 77 (43) 74 (45)

*
N=227 infants with head circumference measurements.
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