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Abstract

Background: Phenol exposure during pregnancy has been associated with preterm birth, but the 

potential effect of preconception exposure in either parent is unknown. There is a growing body of 

evidence to suggest that the preconception period is a critical window of vulnerability for adverse 

pregnancy outcomes.

Objective: We examined whether maternal and paternal preconception urinary concentrations of 

select phenols were associated with the risk of preterm birth among couples attending fertility 

care.

Methods: The analysis included 417 female and 229 male participants of the Environment and 

Reproductive Health (EARTH) Study who gave birth to 418 singleton infants between 2005 and 

2018 and for whom we had phenol biomarkers quantified in at least one urine sample collected 

before conception. Mothers and fathers provided an average of 4 and 3 urine samples during the 

preconception period, respectively. We calculated the geometric mean of bisphenol A (BPA), 

bisphenol S (BPS), benzophenone-3, triclosan, and the molar sum of parabens (ΣParabens) 

concentrations for each participant’s preconception exposure. Risk ratios (RRs) of preterm birth 

(live birth before 37 completed weeks’ gestation) were estimated using modified Poisson 

regression models adjusted for covariates.

Results: The mean (SD) gestational age among singletons was 39.3 (1.7) weeks with 8% born 

preterm. A log-unit increase in maternal preconception BPA (RR 1.94; 95% CI: 1.20, 3.14) and 

BPS (RR 2.42; 95% CI: 1.01, 5.77) concentration was associated with an increased risk of preterm 

birth. These associations remained after adjustment for maternal prenatal and paternal 

preconception exposure. Paternal preconception ΣParabens concentrations were associated with a 

possible increased risk of preterm birth (RR 1.36; 95% CI: 0.94, 1.96). No consistent pattern of 

association was observed for benzophenone-3 or triclosan biomarkers in either parent.

Discussion: Maternal preconception urinary BPA and BPS concentrations, as well as paternal 

preconception urinary parabens concentrations were prospectively associated with a higher risk of 

preterm birth. Subfertile couples’ exposure to select phenols during preconception may be an 

unrecognized risk factor for adverse pregnancy outcomes.
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Introduction

Preterm birth is a leading cause of perinatal and infant morbidity worldwide (Romero et al., 

2014; Rubens et al., 2014) and is a relatively common perinatal outcome with around one in 

ten babies born with this condition in Europe and in the United States (U.S.) 

(Chawanpaiboon et al., 2019; EFCNI, 2010; WHO, 2012). Prenatal exposure to endocrine 

disrupting chemicals (EDCs) is considered a potential risk factor for preterm birth (Ferguson 

and Chin, 2017; Porpora et al., 2019). EDCs are exogenous chemicals that can interfere with 

any aspect of hormone action (Zoeller et al., 2012). Phenolic EDCs are of particular concern, 
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as human exposure is ubiquitous and occurs through diet, use of personal care products, and 

many other sources (Frederiksen et al., 2014; Freire et al., 2019; Messerlian et al., 2017).

Bisphenol A (BPA) is a paradigmatic EDC that disrupts hormonal homeostasis at low doses 

in experimental studies (Vandenberg et al., 2012), and is classified as an ovarian and 

reproductive toxicant (ECHA, 2016; Peretz et al., 2014). Despite this, BPA is extensively 

used in the manufacturing of polycarbonate plastics, epoxy resins liners of canned food, and 

thermal paper, among numerous other applications (Mustieles et al., 2015; Vandenberg et al., 

2007; von Goetz et al., 2017). Increasing public concern over BPA has led to its replacement 

in some consumer products often labeled as “BPA-free.” However, most replacements are 

structural analogs such as bisphenol S (BPS), which are also hormonally active (Rochester 

and Bolden, 2015) and are suspected of having similar adverse effects in experimental 

animals (Carvaillo et al., 2019). BPA to BPS replacement is a concern in many countries 

(Kataria et al., 2017; Molina-Molina et al., 2019; Ye et al., 2015), with the speed of 

substitution being relatively faster in the United States market compared to other countries 

(Wu et al., 2018). Other phenolic EDCs such as parabens and triclosan are frequently used in 

personal care products, food additives, and pharmaceuticals to avoid microbial growth 

(Ferguson et al., 2017; Giulivo et al., 2016), while benzophenone-3 is used as an ultraviolet 

filter in sunscreens, body lotions and make-up among other applications (Liao and Kannan, 

2014). Despite concern about the potential endocrine action of these phenols (Ghazipura et 

al., 2017; Johnson et al., 2016; Nowak et al., 2018), epidemiologic evidence on birth 

outcomes is limited (Giulivo et al., 2016; Jamal et al., 2019; Messerlian et al., 2018a).

New and emerging data highlights the potential for EDCs to exert enduring epigenetic 

modifications in male and female gametes, as well as in other female reproductive organs 

(Luderer et al., 2019; Santangeli et al., 2017; Xin et al., 2015; Zama and Uzumcu, 2010). 

Further, epigenetic modifications likely contribute to preterm birth etiology (Mani et al., 

2018; Menon et al., 2012) and have been recently identified as a key characteristic of female 

reproductive toxicants (Luderer et al., 2019). The preconception period is thus increasingly 

recognized as a highly sensitive window for environmental perturbation, via both maternal 

and paternal exposures (Braun et al., 2017; Toivonen et al., 2017). However, while some 

epidemiologic studies have previously explored the relationship between prenatal exposure 

to phenols and the risk of delivering preterm (Aung et al., 2019; Behnia et al., 2016; 

Cantonwine et al., 2010, 2015; Huo et al., 2018), the impact of preconception EDC 

exposures on preterm birth constitutes a knowledge gap (Toivonen et al., 2017). Therefore, 

our objective was to examine whether maternal and paternal urinary phenol biomarker 

concentrations measured before conception were associated with preterm birth in a 

prospective preconception cohort of couples attending a fertility clinic.

Methods

Study Cohort

The Environment and Reproductive Health (EARTH) Study is an ongoing prospective 

preconception cohort of couples from the Massachusetts General Hospital (MGH) Fertility 

Center. The EARTH Study aims to investigate how environmental and nutritional factors in 

both males and females from preconception throughout pregnancy influence fertility, 
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gestation, and birth outcomes. The cohort has been previously described in detail 

(Messerlian et al., 2018b). Briefly, women 18–46 and men 18–55 years of age are invited to 

enroll independently or as a couple, and are followed from study entry throughout their 

fertility care, pregnancy, and labor and delivery. Participants complete general and lifestyle 

questionnaires, undergo anthropometric measurements, and provide a spot urine and blood 

sample at baseline and then subsequently during each fertility treatment cycle, as well as 

across trimesters among those females achieving conception.

The present study included 417 female and 229 male EARTH cohort participants who gave 

birth to a singleton infant between 2005 and 2018 and for whom we quantified phenol 

biomarkers in at least one urine sample collected before conception of the index pregnancy. 

One male participant enrolled without a female partner and had a singleton live birth, thus 

leaving 228 couples. Among the 418 singleton infants, preconception BPA measurements 

were available for 417 mother-child pairs and 229 father-child pairs, and paraben 

concentrations were available for 405 mother-child and 223 father-child pairs. Measurement 

of benzophenone-3 and triclosan began in 2010: preconception urinary concentrations were 

available for 278 mother-child pairs and 139 father-child pairs. Measurement of BPS did not 

begin until 2012: urinary concentrations were available for 163 mother–child pairs and 77 

father–child pairs (See Fig. 1, Participant Flow Chart). Trained study staff explained the 

study details to all participants and answered any questions before obtaining their 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).

Exposure Assessment

Male and female participants provided one spot urine sample at study entry. Females 

provided up to two additional spot urine samples per fertility treatment cycle: the first 

sample collected during the follicular phase of the cycle (days 3 to 9) and the second 

obtained on the day of the fertility procedure [at time of oocyte retrieval, or embryo transfer 

for fresh or frozen in-vitro fertilization (IVF) treatment, or on the day of intrauterine 

insemination (IUI)]. During pregnancy, women also provided one spot urine sample per 

trimester at median 6, 21, and 35 weeks’ gestation. Males provided an additional spot urine 

sample per cycle on the day when their female partner underwent the fertility procedure. We 

used multiple urine samples per participant obtained from study entry up to and including 

the sample from the cycle of conception of the index pregnancy to estimate mean exposure 

in the preconception window.

Urine was collected in a polypropylene specimen cup and analyzed for specific gravity (SG) 

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 (Zhou et al., 2014). The urinary 

concentrations of the following phenols were measured: BPA, BPS, methylparaben, 

ethylparaben, propylparaben, butylparaben, benzophenone-3 and triclosan. The limits of 
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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). Due to low detection 

frequencies and small number of participants with ethylparaben quantified, we did not 

include or consider ethylparaben in further analyses. The weighted molar sum of parabens 

was calculated by dividing each urinary concentration by its molecular weight and then 

summing: ∑Parabens = [(Methylparaben * (1/152.15 g/mol)) + (Propylparaben * (1/180.20 
g/mol)) + (Butylparaben * (1/194.23 g/mol))]. We then weighted this sum by the molecular 

weight of methylparaben (152.15 g/mol) to convert the molar concentration to units of 

ng/mL.

Outcome Assessment

Gestational age in days was abstracted from delivery records and validated using the 

American College of Obstetricians and Gynecologists (ACOG) guidelines to estimate 

gestational age for births following medically assisted reproduction (ACOG, 2014). The 

fertility treatment setting permitted us to estimate gestational age with high accuracy using 

in vitro fertilization (IVF) embryo transfer dates, substantially reducing misclassification of 

preterm birth due to inaccuracies in pregnancy dating (Savitz et al., 2002). For IVF 

pregnancies, gestational age was estimated as (outcome date – embryo transfer date +14 

days + cycle day of transfer) (ACOG, 2014). For IUI and non-medically assisted/naturally 

conceived pregnancies, we used birth date minus cycle start date. Gestational age was 

corrected if medical delivery record estimates (gold standard) differed by over 6 days from 

the estimated gestational age using the described methods (corrected for three infants 

through additional chart verification). Preterm birth was defined as any live birth prior to 37 

weeks of completed gestation (<259 days).

Covariates

At study entry, paternal and maternal age, education, race, and smoking status were obtained 

from self-reported questionnaires administered. A research study staff measured the height 

and weight of participants, and Body Mass Index (BMI) (kg/m2) was calculated. The 

physician administering fertility treatment diagnosed the underlying cause of infertility 

using the Society for Assisted Reproductive Technology (ART) definitions. 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 and dichotomized: ART 

procedures (e.g., stimulated IVF cycles with fresh embryo transfers or cryo-thawed embryo 

transfer protocols) versus non-ART protocols (e.g., IUI with or without ovulation induction/

stimulation; ovulation induction/stimulation with timed intercourse, or non-medically 

assisted/naturally conceived).

Statistical Analysis

To account for urinary dilution, we adjusted concentrations by multiplying each biomarker 

concentration by [(SGp-1)/(SGi-1)], where SGi is the SG of the participant’s urine sample 

and SGp is the mean SG for all male (mean=1.016) or all female (mean=1.015) participants 

included in the study samples (Pearson et al., 2009). The SG-adjusted biomarker 

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

influence of extreme values. We estimated geometric mean paternal and maternal 
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preconception phenol biomarker concentrations by averaging each participant’s 

concentration obtained from all urine samples collected from study entry and at each 

treatment cycle up to and including the cycle of the index conception of the singleton.

We calculated descriptive statistics for biomarker concentrations using SG-adjusted log 

concentrations, percentage of values below the LOD, as well as Spearman correlation 

coefficients for each natural log concentration between couples (paternal versus maternal 

preconception and across preconception and prenatal windows). We described the clinical 

and demographic characteristics of the study population with means (standard deviation 

(SD)) or proportions (n, %). We fit modified Poisson regression models to evaluate the 

association of continuous urinary biomarker concentrations and dichotomous preterm birth 

outcomes. Models were fit using a log link function and Poisson distribution to yield 

estimated risk ratios (RRs) and 95% confidence intervals (CIs) for preterm birth for every 

natural log-unit increase in biomarker concentration. We fit a separate model for each 

individual phenol biomarker.

We selected a priori covariates as potential confounders based on substantive knowledge 

using a directed acyclic graph (DAG, see Fig. 2) (Textor et al., 2016) and examined 

unadjusted and covariate-adjusted results. Models evaluating maternal preconception 

exposure were adjusted for: maternal age and BMI (continuous), maternal education 

(<college, college, graduate degree), smoking status (never smoked versus ever smoked, 

defined as a current or former smoker), and ART versus non-ART-based treatment. Both 

paternal and maternal covariates in reproductive epidemiologic studies are increasingly 

considered in confounding models (Bellavia et al., 2019). The study of paternal 

preconception exposure is still a novel field; we thus chose to be more conservative in 

models of father’s exposure. Paternal models were therefore adjusted for both the maternal 

covariates presented in our DAG in Figure 2, as well as for father’s age (continuous), BMI 

(continuous), and smoking (never vs. ever). We also adjusted for partner’s preconception 

exposure in subsequent models. To account for potential confounding by pregnancy-related 

exposure, we adjusted for mean prenatal log-concentrations across three trimesters for the 

biomarker of interest in additional multivariable models. Statistical analyses were conducted 

with SAS (version 9.4; SAS Institute Inc., Cary, USA).

Sensitivity Analyses

To explore potential dose-response associations within positive findings, we created and fit 

models across biomarker quartiles. Given that the placenta shows sex-dependent functions 

susceptible to environmental insults (Rosenfeld, 2015), and previous sex-specific 

associations have been reported between prenatal phenol exposure and preterm birth (Aker 

et al., 2019; Cantonwine et al., 2015), we stratified analyses by infant sex and estimated sex-

specific risk ratios and 95% CIs (Buckley et al., 2017). We calculated effect-measure 

modification p-values for the interaction term (sex × urine phenol biomarker concentration) 

and considered < 0.20 as potential evidence of effect modification by infant sex on the 

multiplicative scale. In the present study, we found a downward trend in preconception BPA 

concentrations among EARTH participants starting in 2012 up to 2018 (Mínguez-Alarcón et 

al., 2019). As such, we chose to further adjust for study period (≤ 2011 vs. ≥2012) in our 
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maternal and paternal preconception BPA models. Furthermore, because the number of 

completed fertility cycles may influence both the number of urine samples collected for 

estimating exposure as well as adverse birth outcomes, we included a sensitivity analysis 

additionally adjusting for the number of fertility cycles in order to test the robustness of the 

main findings.

Results

Study cohort

Our cohort included 417 mothers and 229 fathers (228 couples) with an average age of 34.7 

and 36.0 years and a mean BMI of 24.1 and 27.7 at recruitment, respectively (Table 1). 

Among the 418 singleton infants, mean gestational age was 39.3 (SD=1.7) weeks, with 8.1% 

(n=34) of infants born preterm (Table 2). Mean birth weight was 3360 (SD=550) grams, 

with 4.8% (n=20) of infants born low birth weight (<2500 grams) (Table 2).

Urinary phenol concentrations

In total, 1693 maternal preconception and 547 paternal preconception urine samples were 

quantified for phenol biomarkers. Women and men provided on average 4.0 (range: 1–20) 

and 2.6 (range: 1–10) urine samples, respectively. Table S1 presents the distribution of 

specific gravity normalized mean urinary phenol biomarker concentrations. Within the 

measured phenols, the geometric mean of the SG-adjusted urinary concentrations for fathers 

and mothers were respectively: 1.4 and 1.1 ng/ml for BPA; 0.48 and 0.48 ng/ml for BPS; 

30.7 and 142.9 ng/ml for ΣParabens; 63.4 and 161 ng/ml for benzophenone-3; and 14.6 and 

14.0 for triclosan (Table S1). The frequency of detection was lowest for paternal 

preconception butylparaben (25.8%). The remaining paternal and maternal preconception 

phenol concentrations had moderate to high detection frequencies ranging from 63.2% to 

99.7% (Table S1). The lowest Spearman correlation coefficients were observed for maternal 

and paternal preconception BPS concentrations (r=0.09) and maternal preconception and 

prenatal BPS concentrations (r=0.15). Other biomarkers presented moderate correlations for 

maternal and paternal preconception concentrations (r=0.23–0.59) and maternal 

preconception and prenatal concentrations (r=0.27–0.60) (Table S2).

Maternal preconception window

Covariate-adjusted models showed a positive association between maternal preconception 

urinary BPA concentrations and the risk of preterm birth (RR 1.94; 95% CI: 1.20, 3.14). 

This association was strengthened slightly in models additionally adjusting for maternal 

prenatal BPA concentrations (RR 2.20; 95% CI: 1.29, 3.75), and remained in models further 

adjusting for paternal BPA concentrations (RR 2.00; 95% CI: 1.00, 3.99) (Table 3). 

Sensitivity analyses revealed a linear trend across quartiles of maternal preconception BPA 

concentrations and preterm birth risk (P test for trend = 0.01) (Table S3). No significant 

difference was observed between male and female infants in the association of maternal 

preconception BPA concentration and preterm birth (P value for sex interaction term=0.32) 

(Table S5). Further adjustment for study period and number of fertility cycles did not 

materially change the association between maternal preconception BPA concentrations and 

preterm birth (RR 1.76; 95% CI: 1.02, 3.02) (Table S6).
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We also observed that higher maternal preconception urinary BPS concentrations were 

associated with an elevated risk of preterm birth in the covariate-adjusted model (RR 2.42; 

95% CI: 1.01, 5.77), with a similar pattern of strengthened associations after further 

adjustment for maternal prenatal BPS concentrations (RR 3.33; 95% CI: 1.13, 8.80) (Table 

3). No differences by infant sex were observed with BPS (P value for sex interaction 

term=0.68) (Table S5). The positive association between maternal preconception BPS and 

preterm birth remained after adjusting for number of fertility cycles (RR 2.61; 95% CI: 

1.03,6.57) (Table S6). Although mothers with higher preconception urinary triclosan 

concentrations had lower preterm birth risk (RR 0.78; 95% CI: 0.59, 1.04), confidence 

intervals became more imprecise after controlling for prenatal triclosan (RR 0.78; 95% CI: 

0.53, 1.14) (Table 3). No consistent pattern of association compatible with the data was 

observed for maternal preconception ∑Parabens or benzophenone-3 concentrations (Table 

3).

Paternal preconception window

No association with preterm birth was observed for paternal preconception urinary BPA 

concentrations (RR 0.82; 95% CI: 0.43, 1.55), BPS (RR 0.49; 95% CI: 0.08, 2.98), 

benzophenone-3 (RR 1.02; 95% CI: 0.53, 1.99) or triclosan (RR 0.97; 95% CI: 0.67, 1.41) 

(Table 4). Fathers with higher urinary concentrations of ΣParabens had singletons with a 

higher but imprecise risk of preterm birth in the main covariate-adjusted model (RR 1.36; 

95% CI: 0.94, 1.96). This was unchanged with further adjustment for maternal 

preconception (RR 1.42; 95% CI: 0.97, 2.09) or pregnancy ΣParabens concentrations (RR 

1.39; 95% CI: 0.95, 2.04) (Table 4). Further adjustment for number of fertility cycles did not 

materially change the association (RR 1.34; 95% CI: 0.93,1.93) (Table S7). An examination 

of the individual parabens revealed that higher paternal preconception concentrations of 

methylparaben (RR 1.35; 95% CI: 0.93, 1.98) and propylparaben (RR 1.27; 95% CI: 0.98, 

1.65) were associated with a higher risk of preterm birth in covariate-adjusted models (Table 

S4). The associations between paternal preconception ΣParabens, methylparaben or 

propylparaben concentrations and preterm birth did not differ by infant sex (Table S5).

Discussion

In this prospective analysis of couples seeking fertility care, maternal – but not paternal – 

preconception BPA and BPS concentrations were both associated with an elevated risk of 

singleton preterm birth. These associations remained relatively unchanged after accounting 

for maternal prenatal or paternal preconception urinary BPA or BPS concentrations, 

suggesting that the maternal preconception period may be a sensitive but underexplored 

critical window of exposure to bisphenols. Furthermore, paternal urinary paraben 

concentrations were also associated with an increased risk of early birth. Although we 

observed little difference by infant sex, small sample sizes within strata may have precluded 

our ability to detect differences. To our knowledge, this is the first work that has assessed 

couples’ preconception exposure to select phenols in relation to preterm birth.

Two previous maternal prenatal case-control studies have been conducted in the United 

States; one reporting that third trimester urinary BPA concentrations were positively 
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associated with spontaneous preterm birth, but not all types of preterm birth (Cantonwine et 

al., 2015), and the other reporting higher maternal plasma BPA concentrations in mothers 

delivering preterm compared to women in term labor (Behnia et al., 2016). Additionally, a 

recent analysis in the same population studied by Cantonwine et al. (2015) observed an 

increased risk of spontaneous preterm delivery in relation to higher maternal urinary BPS 

concentrations measured during late pregnancy (Aung et al., 2019). In contrast, a study 

among Chinese pregnant women who provided a spot urine sample immediately after being 

admitted into hospital for delivery, reported inverse associations between urinary BPS 

concentrations and pregnancy duration (Wan et al., 2018). Nevertheless, the limitations of 

the study by Wang et al. (2018), including the possibility of reverse causation due to the 

timing of urine collection, should be considered. Although our maternal preconception BPA 

and BPS findings could be compatible with the abovementioned studies, differences between 

the preconception and prenatal windows preclude additional comparisons.

In the present study, maternal preconception exposure to bisphenols appeared to influence 

the risk of preterm birth. Although mechanistic data on preconception environmental 

exposures is markedly scarce, this latent effect is compatible with the known ability of BPA 

to alter the epigenetic programming of the ovary and other reproductive tissues including the 

uterus and placenta (Santangeli et al., 2017; Suvorov and Waxman, 2015; Ye et al., 2019). 

Indeed, BPA was recently highlighted as an example of a female reproductive toxicant that 

may act through epigenetic mechanisms (Luderer et al., 2019). In support of our novel 

maternal preconception BPS-preterm birth association, a recent in vivo study has shown that 

BPS can also exert epigenetic modifications in oocytes at very low doses, resulting in altered 

female reproductive outcomes such as decreased fertilization rates (Nevoral et al., 2018). 

Additionally, two murine-model studies support the existence of transgenerational female 

reproductive effects in response to low-dose BPS exposure during gestation (Shi et al., 

2019b, 2019a). Our results are consistent with the increasing evidence that suggests similar 

or even stronger reprotoxic effects of BPS compared to BPA (Campen et al., 2018; Trasande, 

2017; Žalmanová et al., 2017).

We previously observed that maternal preconception urinary BPA concentrations were 

inversely associated with offspring birth size in this same cohort (Mustieles et al., 2018). 

Our hypothesis of an early potential effect in the ovary, affecting oocyte quality and later 

resulting in reduced embryo viability and development and/or altered placental function 

leading to impaired fetal growth (Mustieles et al., 2018) is further supported by these 

preterm birth data. Importantly, such adverse pregnancy processes are also converging risk 

factors for preterm birth (Delnord and Zeitlin, 2019), which could have its roots in the early 

pre- and peri-conception period.

Although we observed that paternal paraben concentrations were associated with preterm 

birth, no previous epidemiologic reports with which to compare our results are available. 

However, in support of a potential association, parabens have been reported to increase 

oxidative stress in human spermatozoa (Samarasinghe et al., 2018), and butylparaben altered 

sperm DNA methylation in rats (Park et al., 2012). Some epidemiologic studies have 

reported associations between paraben exposure and altered semen quality (Zamkowska et 

al., 2018), while research from our own group in a smaller subsample of men did not 

Mustieles et al. Page 9

Environ Int. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(Meeker et al., 2011). Mechanistic studies evaluating the potential ability of parabens to 

exert heritable epigenetic modifications in spermatozoa could shed light on this field of 

study. Additional epidemiologic studies are needed to confirm or rule out the observed 

paternal associations with methyl- and propylparaben.

The absence of consistent preconception associations with benzophenone-3 and triclosan in 

our study may be compatible with previous mother-child cohorts assessing exposure during 

pregnancy, with most studies reporting inconsistencies. For example, null associations 

between prenatal urinary benzophenone-3 concentrations and preterm birth were observed 

among North-American women, while finding a protective association in response to higher 

urinary triclosan concentrations (Aung et al., 2019). Another study in Chinese pregnant 

women who provided a spot urine sample upon hospital admission for delivery found that 

benzophenone-3 concentrations were negatively associated with gestational age (Tang et al., 

2013). In contrast, Aker et al. (2019) reported positive associations between maternal 

prenatal urinary benzophenone-3 concentrations and gestational age among Puerto Rican 

women, while triclosan concentrations were positively associated with gestational age in 

males, but negatively associated in females (Aker et al., 2019). Finally, Huo et al. (2018) did 

not observe associations of prenatal urinary triclosan concentrations and preterm birth risk 

among Chinese mothers (Huo et al., 2018). The considerable heterogeneity in these findings 

may be due to differences in exposure definition and measurement (e.g., gestational age at 

time of prenatal urine sample collection), variations in study populations, the evaluation vs. 

lack of evaluation of sex-dependent associations, or other differences in methods.

A strength of this study was the opportunity to assess both maternal and paternal exposure 

prior to conception, accounting for relevant potential confounders (Bellavia et al., 2019). 

Indeed, to our knowledge, this is the first work to examine phenol exposure in the 

preconception period in relation to the risk of preterm birth. Our findings may not be directly 

generalizable to fertile couples since subfertile mothers and fathers could be more 

susceptible to environmental insults. Notwithstanding, our results are consistent with 

previous studies reporting BPA-related adverse pregnancy outcomes in both subfertile and 

non-subfertile preconception cohorts (Mustieles et al., 2018; Smarr et al., 2015). Another 

strength is the ongoing follow-up of the EARTH Study, which allowed for a timely 

assessment of exposure to new chemical replacements such as BPS. BPS is suspected of 

causing similar reprotoxic effects as BPA, but has not undergone an exhaustive toxicological 

examination before its use in consumer goods (Trasande, 2017). Additionally, the 

assessment of diverse phenolic EDCs using multiple repeated urine samples allowed for 

improved exposure assessment thereby reducing exposure misclassification and its expected 

attenuation bias (Perrier et al., 2016). Notwithstanding, some degree of exposure 

misclassification cannot be ruled out considering the short biological half-lives and episodic 

nature of exposure to these non-persistent chemicals. While a limitation was the modest 

number of preterm birth cases, which precluded us from studying preterm birth subtypes 

(i.e., spontaneous preterm labor, preterm premature rupture of membranes, placental 

abruption, etc.), this is one of the few studies in its field that examined preterm birth risk 

under a prospective preconception cohort design. As we were not powered for estimating 

effect modification, small sample size within strata may have limited our ability to detect 

differences by infant sex. Future analyses with a higher number of male participants are 
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warranted to confirm the reported associations with paternal preconception paraben 

exposure.

Conclusion

Maternal preconception urinary BPA and BPS concentrations as well as paternal 

preconception urinary paraben concentrations were prospectively associated with an 

increased risk of preterm birth. Our results suggest that couples’ exposure to select phenols 

during preconception, especially exposure to bisphenols, is an overlooked risk factor for 

adverse pregnancy outcomes. These findings may have significant public health implications 

given the importance of the outcome, the ubiquity of BPA exposure, its regrettable 

substitution with BPS and other structural analogs with similar reprotoxic potential, and that 

prevention strategies are needed to advance preconception care. While future studies should 

validate these associations, it may be prudent to inform couples planning conception about 

measures to reduce EDC exposure.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Prenatal exposure to some phenols was previously associated with preterm 

birth

• Parental preconception exposure and preterm birth risk is understudied

• Maternal preconception BPA and BPS exposure increased risk of singleton 

preterm birth

• Fathers preconception paraben exposure may be associated with preterm birth

• Preconception phenol exposure may be an unrecognized risk factor for 

preterm birth in subfertile couples
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Figure 1. 
Participant flow-chart and phenol biomarker data available in the EARTH Study 2005–2018.

Abbreviations: bisphenol A (BPA); bisphenol S (BPS); benzophenone 3 (BP-3); triclosan 

(TCS).

* Note: One male participant joined without female partner, leaving 228 couples.
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Figure 2. 
Hypothesized directed acyclic graph (DAG) between preconception exposure to phenols and 

preterm birth risk.

Abbreviations: body mass index (BMI); assisted reproductive technology (ART).
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Table 1.

Parental characteristics from 417 women and 229 men participating in the Environment and Reproductive 

Health (EARTH) Study (2005 – 2018).

Parental Characteristic Mothers Fathers

N = 417 N = 229

Age (years)

Mean ± SD 34.7 ± 4.0 36.0 ± 4.6

Age>35, n (%) 172 (41) 127 (55)

Race, n (%)

White 353 (85) 201 (88)

Black 11 (3) 4 (2)

Asian 36 (8) 15 (6)

Other 17 (4) 9 (4)

Body Mass Index (BMI, Kg/m2)

Mean ± SD 24.1 ± 4.3 27.7 ± 6.1

BMI >25, n (%) 132 (32) 156 (68)

Education, n (%)

< College 54 (13) 31 (17)

College Graduate 135 (32) 62 (34)

Graduate Degree 228 (55) 87 (49)

Smoking Status, n (%)

Never 314 (75) 159 (69)

Ever (former or current) 103 (25) 70 (31)

Infertility Diagnosis, n (%)

Male Factor 100 (24) 69 (30)

Female Factor 132 (32) 65 (28)

Unexplained 185 (44) 95 (42)

Primiparous, n (%) 346 (83) -
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Table 2.

Birth characteristics of 418 singletons from the Environment and Reproductive Health (EARTH) Study (2005 

– 2018).

Child Characteristics Births
2005 – 2018

N = 418

Male, n (%) 216 (52)

Birth weight (grams)

Mean ± SD 3360 ± 550

min-max 1090 – 5040

Low birth weight

<2500 g, n (%) 20 (4.8)

Gestational age at birth

Mean weeks ± SD 39.3 ± 1.7

min-max 29–42

Mean days ± SD 275 ± 12.0

min-max 205–294

Preterm birth

<37 weeks, n (%) 34 (8.1)

Mode of Conception, n (%)

ART
a 236 (56)

Non-ART
b 182 (44)

a
Assisted Reproductive Technology (ART): fresh or frozen in-vitro fertilization protocols, including intracytoplasmic sperm injection.

b
Non-ART: intrauterine insemination with or without ovulation induction/stimulation; ovulation induction/stimulation with timed intercourse, or 

non-medically assisted/naturally conceived.
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