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Abstract

Purpose of review—Endocrine disrupting chemicals (EDCs) have been known for their ability 

to interfere with aspects of hormone action resulting in adverse health consequences among 

animals and humans, however, the effects of EDCs on human fecundity have shown inconsistent 

findings. This review summarizes the most recent epidemiologic literature from humans on the 

potential effects of female exposure to non-persistent EDCs, specifically bisphenol A (BPA), 

phthalates, parabens and triclosan, on fecundity, measured by markers of reproductive hormones, 

markers of ovulation or ovarian reserve, in vitro fertilization outcomes, and time-to-pregnancy.

Recent findings—While the epidemiologic literature on this topic is growing, the evidence 

supporting an association between female urinary concentrations of BPA, phthalates, parabens, 

and triclosan and fecundity remains unclear. The heterogeneous results could be due to 

methodological differences in recruitment populations (fertile vs. subfertile), study designs 

(prospective vs. retrospective), assessment of exposure (including differences in the number and 

timing of urine samples and differences in the analytical methods used to assess the urinary 

concentrations), residual confounding due to diet or other lifestyle factors, and co-exposures to 

other chemicals.

Summary—At present there is limited evidence to conclude that female exposure to non-

persistent EDCs affect fecundity in humans. Further studies focusing on exposure to mixtures of 

EDCs is needed.
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1. Introduction

Endocrine disrupting chemicals (EDCs) are a group exogenous chemicals or mixture of 

chemicals that alter the hormonal and homoeostatic systems of organisms resulting in 

adverse health effects [1]. Due to their ability to interfere with aspects of hormone action, it 

has been shown that exposure to EDCs can result in a wide range of adverse health 

consequences [1] with annual costs of EDC exposure amounting to more than $340 billion 

in the US (2% of the GDP) [2] and $217 billion in the European Union (1% of the GDP) [3]. 

Of particular concern is the potential influence of EDCs on female fecundity, or a woman’s 

ability to become pregnant, given the rising rates of infertility worldwide [4] and the 

ubiquitous exposure of reproductive aged women to EDCs [5–7]. Because female fecundity 

lacks a biomarker, it is assessed by a variety of different endpoints including reproductive 

hormones, markers of ovulation or ovarian reserve, in vitro fertilization (IVF) outcomes, and 

time-to-pregnancy (TTP) [8]. This review summarizes the most recent epidemiologic 

literature from humans on the potential effects of female exposure to EDCs on fecundity. 

While the term EDC encompasses both persistent and non-persistent chemicals, we have 

chosen to focus on the research pertaining to short-lived or non-persistent EDCs such as 

phenols (e.g. bisphenol A (BPA), parabens, triclosan) and phthalates due to the recent uptick 

in research studies in this area.

2. Bisphenol A

BPA is a high production volume chemical widely used in the manufacture of a variety of 

consumer products such as polycarbonate plastics, epoxy resin liners of canned foods, some 

dental sealants and composites, and thermal receipts [9]. The half-life of BPA is short, with 

almost complete excretion via urine in 24 hours [10]. BPA is a known endocrine disruptor 

with the ability to affect multiple hormonal pathways [11]. Experimental studies in animals 

suggest that BPA adversely affects female fecundity yet whether these same adverse effects 

are observed in humans remains to be determined [12, 13].

In humans, BPA is one of the most researched non-persistent EDCs in relation to fecundity 

with studies focusing on endpoints from menstrual cycle characteristics [14], early IVF 

outcomes [15, 16] and ovarian reserve [17, 18] to TTP [14, 19, 20] (Table 1). One of the first 

studies to assess the effects of BPA on female fecundity was the Environmental and 

Reproductive Health (EARTH) Study which measured BPA in urine collected twice during 

ovarian stimulation in relation to early outcomes of IVF. In two separate papers (n=84 and 

174 women), researchers showed the female urinary BPA concentrations were negatively 

associated with peak serum estradiol levels, number of total and mature oocytes retrieved, 

and number of normally fertilized oocytes [15, 16]. They also found that higher urinary BPA 

concentrations were associated with a suggestive decrease in the likelihood of implantation 

[21]. The adverse effects of female exposure to BPA on clinical outcomes of IVF, including 

implantation, clinical pregnancy and live birth were not confirmed in an updated analysis 

which included a larger group of women (n= 256 women) from the same study cohort [22]. 

However, two recent papers from the EARTH Study suggest that this association could be 

significantly modified by a woman’s soy and folate intake [23, 24]. Specifically, urinary 

BPA levels were negatively related to implantation, clinical pregnancy, and live birth among 
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women who consumed no soy foods and <400 μg/day of food folate, but not among women 

consuming soy or higher levels of folate.

The EARTH Study also explored the association between female exposure to BPA on 

markers of ovarian reserve [18]. Among 209 women seeking fertility treatment, Souter and 

colleagues found a significant trend toward lower antral follicle count (AFC) with higher 

urinary concentrations of BPA; however, no associations were found between BPA and 

follicle stimulating hormone (FSH) or ovarian volume. Similar to results in the 

aforementioned study, a more recent study among 268 infertile Chinese women diagnosed 

with polycystic ovary syndrome (PCOS) also found that female urinary BPA levels were 

inversely associated with AFC, however no associations were observed with antimullerian 

hormone, FSH, and inhibin B [17].

Among women conceiving naturally, there have been several studies on the link between 

urinary BPA levels and fecundity. Using 501 couples recruited from Michigan and Texas 

who were trying to get pregnant and enrolled in the Longitudinal Investigation of Fertility 

and the Environmental (LIFE) Study, Buck Louis and colleagues found that female urinary 

BPA concentrations at baseline were not associated with TTP [20]. Similarly, Velez and 

coworkers found no effect of first trimester female urinary BPA levels on recalled TTP 

among 2,001 women in the Maternal-Infant Research on Environmental Chemicals 

(MIREC) Study, a retrospective study among pregnant Canadian women [19]. Finally, most 

recently, Jukic and collaborators found that increased urinary concentrations of BPA were 

associated with shorter luteal phases among 221 women attempting pregnancy in the North 

Carolina Early Pregnancy Study (EPS); however, they did not observe any associations with 

TTP or early pregnancy loss [14].

Taken together, the available research in humans suggests that female exposure to BPA 

might have adverse effects on markers of fecundity, such as AFC and possibly oocyte quality 

and luteal phase length as well as IVF outcomes after accounting for dietary intake of soy 

and folate; however there was not sufficient evidence supporting a link between female 

exposure to BPA and TTP. While the women from infertility clinic studies tended to have 

higher BPA concentrations than the women enrolled in the LIFE and MIREC studies which 

might possibly explain why stronger effects were observed in those studies, the EPS found 

no association between BPA and TTP and they reported the highest median BPA 

concentration. Therefore, it is unlikely that a lower level of BPA is explaining the lack of 

associations observed in the LIFE and MIREC studies. As BPA levels continue to decrease 

in many populations and replacement chemicals are introduced into commerce, future 

research should focus on not only evaluating the reproductive effects of BPA but also 

bisphenols S and F [25]

3. Phthalates

Phthalates, a class of synthetic chemicals with a wide spectrum of commercial uses, is 

ubiquitous and human exposure can occur through ingestion, inhalation, dermal contact, and 

parenteral exposure from medical devices [26]. High-molecular-weight phthalates such as 

di(2-ethylhexyl) phthalate (DEHP), diisodecyl phthalate (DiDP) and diisononyl phthalate 
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(DiNP), are primarily used as plasticizers in the manufacture of flexible vinyl, which is used 

in consumer products, flooring and wall coverings, food contact applications, and medical 

devices [26]. The low molecular weight phthalates, such as diethyl phthalate (DEP), di-n-

butyl phthalate (DnBP), and di-iso-butyl phthalate (DiBP), are primarily used in cosmetics 

and personal care products and in varnishes and coatings, including those used for the time 

release of some orally administered medications. Similar to BPA, phthalates have short half-

lives and are quickly metabolized in the body. However, despite this rapid excretion, several 

animal studies have implicated phthalates as female reproductive toxicants with specific 

effects on disrupting ovarian function [27–29].

In humans, there is accumulating evidence on the effects of phthalates on female fecundity 

as measured by IVF outcomes [30], ovarian reserve [31] and TTP [14, 19, 20, 32] (Table 2). 

Hauser and colleagues found that urinary metabolites of DEHP and DiDP were associated 

with decreased total and mature oocyte yield during IVF, and metabolites of DiNP and DiDP 

were associated with reduced fertilization rates [30]. Higher urinary concentrations of the 

DEHP metabolites were also associated with reduced probability of clinical pregnancy and 

live birth following IVF. The urinary concentrations of the other measured phthalate 

metabolites were not significantly associated with IVF outcomes, although almost all 

showed negative trends with increasing urinary concentrations. The EARTH Study also 

investigated the effect of female exposure to phthalates on ovarian reserve as measured by 

AFC [31]. Messerlian and coworkers found that higher urinary concentrations of DEHP 

were associated with decreased AFC, with the association being strongest among women 

<37 years. There were no associations between the remaining phthalate metabolite 

concentrations and AFC.

In contrast to the striking effects of high molecular weight phthalates on markers of 

fecundity that were observed among subfertile women seeking fertility treatment, studies 

among women conceiving naturally were not consistent. Three studies including the LIFE 

Study [20], the MIREC Study [19] and the EPS [14], found no associations between female 

urinary phthalate concentrations and TTP; however, in the EPS, when nonconception cycles 

were compared with the conception cycle from the same woman, MnBP and ΣDEHP levels 

were higher in the nonconception cycles. Most recently, the Danish First Pregnancy Planner 

cohort, which included 229 Danish women planning pregnancy from 1992 to 1994, found 

that higher urinary concentrations of MEP were associated with a longer TTP [32]. Similar 

to the previous studies, however, these authors found no significant associations between 

urinary MBP, MBzP and MEHP concentrations and TTP [32].

Thus, while studies from infertility clinics suggest that high molecular weight phthalates, 

specifically DHEP, may have adverse effects on female fecundity, this association was not 

found among couples conceiving without medical assistance. The differences in results 

across studies may suggest that couples from an infertility clinic represent a sensitive sub-

population to environmental chemicals, specifically phthalates. The EARTH study also 

relied on multiple spot urine samples to characterized pre-conception phthalate exposure as 

opposed to a spot urine which was used in many of the TTP studies which may better 

characterize long-term exposure given the low reproducibility of urinary levels of phthalate 

metabolites over time [33]. Differences in urinary concentrations of phthalates could also be 
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an explanation for why the Danish First Pregnancy Planner cohort found adverse effects of 

MEP as their levels were substantially higher than any of the other cohorts. Taken together, 

there is evidence for potential adverse effects of low level exposure to some phthalates on 

female fecundity.

4. Parabens

Parabens are EDCs mainly used as antimicrobial preservatives in cosmetics, personal care 

products, and pharmaceuticals [34]. The most common parabens are methyl paraben (MP), 

propyl paraben (PP), butyl paraben (BP) and ethyl paraben (EP). Although parabens are 

quickly eliminated from the body [35], methyl, propyl, and butyl paraben were detected in 

99.1%, 92.7%, and 40% of the general US population, respectively [36]. Many in vitro 
studies have reported estrogen receptor binding capacity of parabens [37, 38] and a few 

animal toxicity studies have reported adverse effects of parabens on female reproductive 

function including decreased ovarian weights and histopathological changes in the ovaries 

[39, 40].

Four studies to date (Table 3), two utilizing women from a fertility clinic [41, 42], one 

including women from a prospective TTP study [43], and the other among Japanese students 

[44], have investigated the association between female exposure to parabens and markers of 

fecundity. Smith and colleagues found a borderline association between increasing tertiles of 

PP and diminished AFC among 192 women in the EARTH Study, but no relation with 

ovarian volume and day 3 FSH levels [42]. Mínguez-Alarcón and coauthors studied whether 

female exposure to parabens was related to IVF outcomes among 245 women from the same 

study cohort [41] and found no associations between MP, PP, and BP and any of the 

fecundity endpoints assessed. Similarly, Smarr and colleagues found no evidence that 

parabens were associated with couple fecundity, as measured by TTP, when the exposure 

was modelled continuously, among couples in the LIFE Study [43]. Nevertheless, the 

authors’ observed an almost 40% reduction in couple fecundity when female partners had a 

urinary MP and EP concentration in the highest quartile as compared to the lowest quartile. 

Nishihama and coauthors found associations between urinary concentrations of BP and the 

sum of all the measured parabens (BP, PP, MP and EP) and shorter menstrual cycle lengths 

among 128 Japanese students [44]; however, PP, MP and EP did not have independent 

effects on menstrual cycle length.

At present, the evidence on the association of parabens with markers of fecundity remains 

very limited with inconsistent results across studies. Of important note are the large 

differences in urinary paraben concentrations reported in these studies. The EARTH study 

and the cohort of Japanese students had median MP concentrations 5 times higher than the 

LIFE study; however none of these studies found adverse effects of MP. PP levels were also 

substantially higher in the EARTH study and could explain why this study saw associations 

of PP with AFC but other studies failed to demonstrate any effects. Finally, only the 

Japanese study found a detrimental association between BP and fecundity (as measured by 

menstrual cycle length), despite reporting comparable urinary BP levels to the LIFE Study 

(which showed no association with BP and TTP) and much lower urinary BP levels 

compared to the EARTH Study (which showed no associations with markers of ovarian 
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reserve or IVF outcomes). Given the ubiquitous exposure of the general population and the 

limited research conducted to date, future work on parabens and fecundity is warranted.

5. Triclosan

Triclosan is a lipid-soluble phenolic compound with broad-spectrum antibacterial properties 

used for over forty years as an ingredient in personal care products [45]. Due to its 

widespread use, there is potential for the general population to be exposed to triclosan 

through dermal and mucosal contact with consumer products [6]. Triclosan has a similar 

structure to known EDCs such as polychlorinated biphenyls, polybrominated diphenyl 

ethers, and BPA, and to thyroid hormones. These structural similitudes, coupled with some 

limited evidence from experimental studies, suggest that triclosan may act as an antiestrogen 

and/or antiandrogen with possible adverse effects on reproductive outcomes [45].

Two studies have investigated the effect of female urinary triclosan concentrations on couple 

fecundability among women in the LIFE [43] and MIREC [19] studies (Table 4). Smarr and 

colleagues showed no association between female urinary triclosan concentrations and TTP 

whether the exposure was modelled as continuous variable, or categorized in quartiles, in the 

LIFE Study [43]. In contrast, Velez and coauthors found that higher first trimester urinary 

levels of triclosan were associated with a longer TTP among the Canadian pregnant women 

in the MIREC Study [19].

It is difficult to make strong conclusions regarding the effect of female exposure to triclosan 

on fecundity given there are only two human studies on this topic and they are conflicting. 

While these two studies appear similar in many regards– both focused on TTP and both 

studies had similar urinary triclosan concentrations- there are important differences worth 

considering. First, because the MIREC study was a pregnancy-based TTP study, the authors 

assumed that triclosan concentrations measured during the first trimester of pregnancy were 

representative of the preconception concentrations; however, it is possible that 

concentrations of these chemicals could be metabolized differently during pregnancy due to 

the physiologic changes occurring during this period. Both studies also had relatively low 

urinary triclosan concentrations which could explain discrepancies seen with animal studies. 

More research on the topic is needed to clarify the role of this non-persistent chemical on 

TTP, and other outcomes of human fecundity.

6. Conclusions

While the epidemiologic literature on female exposure to non-persistent EDCs and fecundity 

is growing, the evidence supporting an association between female urinary concentrations of 

most non-persistent EDCs and fecundity remains limited. As was pointed out in each of the 

individual sections, the heterogeneous results could be due to methodological differences in 

patient populations, study designs, assessment of exposure, residual confounding due to diet 

or other lifestyle factors, and co-exposures to other chemicals. Also given than most of the 

studies examined several chemicals and multiple outcomes without statistical adjustment for 

multiple comparisons and in many studies post hoc analyses were performed, it is also 

possible that chance results could be to blame for inconsistent findings. It is also being 
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increasingly recognized that environmental endocrine disruption is most often not due to the 

effect of a single compound, but rather due to exposure to mixtures of chemicals at low 

concentrations [46]. Thus, while none of the studies reviewed here examined the health 

effects of exposure to a mixture of non-persistent EDCs, this is clearly an area for future 

research [47, 48]. Similarly, as research accumulates on the adverse health consequences of 

exposure to specific EDCs, substitute chemicals are introduced into the market such as 

bisphenol S and F, for BPA, and di-(iso-nonyl)-cyclohexane-1,2-dicarboxylate (DINCH), for 

high molecular weight phthalates. Thus, while exposure to certain EDCs such as BPA and 

DEHP may be declining, exposure to many others are on the rise [25, 49] and early studies 

suggest they may not be safer alternatives [50, 51]. Future research should focus on 

incorporating the assessment of these newer chemicals into ongoing studies to assess the 

potential effects that these chemicals could have on human fecundity.
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Key points

• The evidence in humans supporting an association between female urinary 

concentrations of bisphenol A, phthalates, parabens and triclosan, and 

fecundity remains unclear.

• The heterogeneous results across studies could be due to methodological 

differences in recruitment populations, study designs, assessment of exposure, 

residual confounding, and co-exposures to other chemicals.

• Future research should focus on incorporating the assessment of newer non-

persistent EDCs into ongoing studies and investigating the potential effects 

that mixtures of EDCs could have on human fecundity.
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