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Abstract

Objective: We performed a systematic review of the epidemiology literature to identify the 

female reproductive and developmental effects associated with phthalate exposure.

Data sources and study eligibility criteria: Six phthalates were included in the review: di(2-

ethylhexyl) phthalate (DEHP), diisononyl phthalate (DINP), dibutyl phthalate (DBP), diisobutyl 

phthalate (DIBP), butyl benzyl phthalate (BBP), and diethyl phthalate (DEP). The initial literature 

search (of PubMed, Web of Science, and Toxline) included all studies of female reproductive and 

developmental effects in humans, and outcomes were selected for full systematic review based on 

data availability.

Study evaluation and synthesis methods: For each outcome, studies were evaluated using 

criteria defined a priori for risk of bias and sensitivity by two reviewers using a domain-based 

approach. Evidence was synthesized by outcome and phthalate and strength of evidence was 

summarized using a structured framework.

Results: The primary outcomes reviewed here are (number of included/excluded studies in 

parentheses): pubertal development (5/13), time to pregnancy (3/4), preterm birth (8/12), and 

spontaneous abortion (5/0). Among these outcomes, preterm birth had moderate evidence of a 

positive association with phthalate exposure (specifically DEHP, DBP, and DEP). Exposure levels 

for BBP, DIBP, and DINP were generally lower than for the phthalates with an observed effect, 

which may partially explain the difference due to lower sensitivity. Other phthalate/outcome 

combinations were considered to have slight or indeterminate evidence of an association.

Conclusions and implications of key findings: Overall, these results support that some 

phthalates may be associated with higher odds of preterm birth in humans, though there is 
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some remaining inconsistency. More evidence is needed on the mechanism and relevant exposure 

window for this association.

1. Introduction

Phthalates (diesters of phthalic acid) are a class of synthetic chemicals used in many 

consumer and industrial products, including applications as plasticizers in polyvinyl chloride 

plastics and as ingredients in some medications and personal care products. Human exposure 

is ubiquitous across the lifespan, primarily via the oral route, but also through inhalation 

and dermal contacts (Johns et al., 2015). After exposure, phthalate diesters are rapidly 

metabolized (estimated half-lives of various phthalate metabolites is approximately 3 to 18 

h) to monoester metabolites and excreted in the urine (Johns et al., 2015). The group of 

phthalates encompasses a variety of compounds with different structures, properties, and 

use (and relative potency, as shown from animal studies). The most common phthalates, 

and those focused on here are: di(2-ethylhexyl) phthalate (DEHP), diisononyl phthalate 

(DINP), dibutyl phthalate (DBP), diisobutyl phthalate (DIBP), butyl benzyl phthalate (BBP), 

and diethyl phthalate (DEP). The metabolites of each are described in the supplementary 

materials. Among the group, there are phthalates that are relatively structurally similar and 

moderately correlated with each other based on human biomonitoring data (e.g., DBP and 

DIBP). Some phthalates differ considerably in structure and commercial/industrial uses; 

correlations between these phthalates are typically low.

While male reproductive toxicity is the most commonly discussed hazard of phthalate 

exposure (NAS, 2017; Johnson et al., 2012; Howdeshell et al., 2008), there has also been 

substantial study of female reproductive and developmental effects of phthalate exposure. 

Exposure to some phthalates is higher in women than in men in some studies, which 

has been hypothesized to be due to higher use of cosmetics (Kay et al., 2013; Fennell et 

al., 2004; Lovekamp-Swan and Davis, 2003), though this may apply to some phthalates 

(e.g., DBP, DEP) used in cosmetics more than others. In addition, phthalates can cross the 

placenta, making developmental effects from in utero exposures a concern (Langonne et 

al., 1998), particularly given the potential for higher susceptibility in developmental stages. 

Existing narrative reviews are inconclusive and indicate that there may be an association 

with some outcomes, most notably preterm birth (Mariana et al., 2016; Hauser and Calafat, 

2005; Benjamin et al., 2017), but no systematic review across key female reproductive and 

developmental effects is available. We performed a systematic review of the epidemiology 

literature on the female reproductive and developmental effects associated with phthalate 

exposure. This included review of the following outcomes: pubertal development, time to 

pregnancy, spontaneous abortion, and preterm birth. In addition, the evidence for some 

additional outcomes (e.g., ovarian reserve) was reviewed for coherence with the other 

outcomes and is summarized without systematic review. The human health relevance of 

these outcomes is summarized briefly in Table 1.
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2. Methods

2.1. Literature search and screening

The literature search and screening, study evaluation, data extraction, and evidence synthesis 

methods are described in detail in the systematic review protocol (Supplement 1, Section 

3). Briefly, epidemiology studies were identified by conducting a single broad literature 

search on all six phthalates of interest (DEHP, DINP, DBP, DIBP, BBP, DEP) and all 

outcomes. The Population, Exposure, Comparator, and Outcome (PECO) is available in 

the protocol (Supplement 1, Section 2). The following databases were searched: PubMed, 

Web of Science, and Toxline, initially in 2013, with updates every 6–12 months through 

January 2017. Forward and backward searches were also performed. Title/abstract and full 

text screening was performed by two reviewers to identify studies that met the PECO 

criteria. In addition, because there was a delay in publication, an updated search and 

screen was performed in August 2018. The publications from that search that inform each 

outcome are listed for each outcome and were reviewed to determine if their inclusion would 

significantly alter the conclusions.

2.2. Study evaluation

Studies were evaluated by at least two reviewers using uniform approaches for each group 

of similar studies. Key concerns were risk of bias (factors that affect the magnitude or 

direction of effect) and insensitivity (factors that limit the ability of a study to detect a true 

effect) (Cooper et al., 2016). Evaluation was conducted for the following domains: exposure 

measurement, outcome ascertainment, population selection, confounding, analysis, other 

sensitivity concerns, and selective reporting. These domains were based on the Risk of Bias 

in Non-randomized Studies of Interventions (ROBINS-I) tool (Sterne et al., 2016), modified 

for use with environmental exposures by the U.S. Environmental Protection Agency’s 

Integrated Risk Information System. Phthalate and outcome-specific criteria were developed 

to address issues specific to the evaluation of this chemical and this set of outcomes prior 

to evaluation. For exposure, most of the available studies relied on phthalate metabolite 

biomarkers (a list of metabolites for each phthalate is provided in the protocol). Different 

criteria were developed for short-chain (DEP, DBP, DIBP, BBP) and long-chain (DEHP, 

DINP) phthalates due to better reliability of single measures for short-chain phthalates. 

Measurement in urine was considered to be the best proxy of exposure (Johns et al., 2015). 

Biomarker measures based on samples other than urine (e.g., blood, amniotic fluid, breast 

milk) were considered to be critically deficient for all short-chain phthalates and for primary 

metabolites (e.g., MEHP, MINP) of long-chain phthalates. Rationale for these criteria and 

additional details for all domains are available in the protocol (Supplement 1, Section 4.1.1) 

and an abbreviated version is available in the key methods supplement (Supplement 2). The 

outcome-specific criteria are discussed in Radke et al. (forthcoming in special issue).

For each study result, in each evaluation domain, reviewers reached a consensus rating 

regarding the utility of the study for hazard identification, with categories of Good, 

Adequate, Deficient, or Critically deficient. These ratings were then combined to reach 

an overall study confidence classification of High, Medium, Low, or Uninformative. This 

overall classification was not based on pre-defined weights for each domain, but rather 
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was based on reviewer judgments, and include the likely impact the noted deficiencies in 

bias and sensitivity have on the magnitude and direction of effect estimates, which varies 

depending on the study and/or outcome. Studies were evaluated for their suitability for each 

outcome investigated, and could receive different ratings for each outcome. Descriptions 

of each of the evaluation domains and overall confidence categories can be found in 

the protocol (Supplement 1, Section 4). Study evaluations were documented in Health 

Assessment Workspace (HAWC), and ratings and rationale are publicly available (links 

provided in each outcome section).

2.3. Evidence synthesis

After study evaluation, the evidence for each outcome was synthesized separately for 

each phthalate, using the following aspects of an association that may suggest causation: 

consistency, exposure-response relationship, strength of association, temporal relationship, 

biological plausibility, and coherence. In evaluating the evidence for each of these 

considerations, syntheses also considered the strengths and limitations of each study, with 

high confidence studies carrying the most weight. Based on this synthesis, the evidence was 

assigned a strength of evidence conclusion of Robust, Moderate, Slight, Indeterminate, or 

Compelling evidence of no effect. Robust and Moderate describe evidence that supports 

a hazard, differentiated by the quantity and quality of information available to rule out 

alternative explanations for the results. Slight and Indeterminate describe evidence for which 

uncertainties prevents drawing a causal conclusion in either direction. These categories are 

generally limited in terms of quantity or confidence level of studies, and serve to encourage 

additional research across the exposure range experienced by humans. Compelling evidence 
of no effect requires several high confidence studies with consistent null results. The ratings 

for the individual outcomes were then summarized into an overall conclusion for female 

reproductive and developmental effects by phthalate, using a structured framework available 

in the key methods supplement (Supplement 2) and the protocol (Supplement 1, Section 6). 

No statistical quantitative meta-analysis was performed due to substantial differences across 

studies.

3. Results

The literature flow diagram is shown in Fig. 1 and a list of the included and excluded studies 

is available at: https://hero.epa.gov/hero/index.cfm/project/page/project_id/2245. For each 

outcome, there is a summary of the studies included and excluded based on study evaluation, 

a list of studies identified in the August 2018 update, a presentation of the extracted data 

(tables and/or figures), and a synthesis of the evidence ending with a judgment of the 

strength of the evidence in human studies for each phthalate. The studies reviewed from the 

August 2018 literature update did not influence conclusions, and are not included in Fig. 1.

3.1. Pubertal development

3.1.1. Study selection and evaluation—There were 18 studies (21 papers) that 

examined female exposure to phthalates and its association with timing of puberty. Thirteen 

studies were excluded, primarily due to issues with temporality (i.e., exposure was measured 

post-pubertal onset). Other reasons for exclusion included exposure measurement in tissues 
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other than urine (unless looking at secondary metabolites of DEHP and DINP), exposure 

measurement by self-report, or critical deficiency in population selection/study design. The 

specific phthalate metabolites examined in the remaining five studies (seven papers) and 

the study evaluations are summarized in Table 2. Full rationales are available at https://

hawcprd.epa.gov/summary/visual/100000090/.

The included studies varied in sample size, having between 69 and 1170 girls/females 

included in the analysis. Two studies (Wolff et al., 2014; Mouritsen et al., 2013) examined 

cohorts of children with phthalate exposure measured prior to pubertal onset. Three studies 

(Su et al., 2014; Watkins et al., 2014; Hart et al., 2013) were pregnancy cohorts, with 

exposure measured during gestation and children followed to pubertal onset. The results 

from the two different time periods (prenatal and childhood) are considered separately in 

this assessment and both are considered relevant windows of exposure for pubertal onset. 

For samples collected in utero, the timing in all three studies included the third trimester, 

with one study (Hart et al., 2013) also collecting samples during the second trimester and 

one study (Watkins et al., 2017) collecting in all three trimesters. Two studies (Wolff et 

al., 2014) were classified as medium confidence, and the remaining three (Su et al., 2014; 

Watkins et al., 2014; Hart et al., 2013; Mouritsen et al., 2013) were classified as low 

confidence.

3.1.2. Results and synthesis—Evaluation of the association between exposure to 

DEHP and pubertal development is based on five studies: two with childhood exposure 

measures (Wolff et al., 2014; Mouritsen et al., 2013) and three with prenatal exposure 

measures (Su et al., 2014; Watkins et al., 2014; Hart et al., 2013) (Table 3). For childhood 

exposure, one study reported delayed onset of puberty (Wolff et al., 2014). Results for 

prenatal exposure were not consistent with that finding, with one study reporting no 

association (Su et al., 2014; Hart et al., 2013) and two (Watkins et al., 2014; Hart et 

al., 2013) reporting earlier onset of puberty. Further, the direction of the association 

was opposite for breast development (delayed with increasing exposure) and pubic hair 

development (earlier with increasing exposure) in Watkins et al. (2017). Overall, due to 

lack of consistency and coherence across related measures of puberty, there is indeterminate 
evidence of an effect of DEHP exposure on pubertal development.

Two low confidence studies (Mouritsen et al., 2013; Hart et al., 2013) reported on the 

association between pubertal development and DINP exposure (one with childhood exposure 

measures, one with prenatal). Neither study reported an association, and this evidence is 

considered indeterminate.

Four studies reported on the association between pubertal development and DBP (two 

with childhood exposure measures, two with prenatal), although one study reported only 

a combined estimate for DBP and DIBP (Mouritsen et al., 2013) (Table 4). For childhood 

exposure, two studies reported later age at pubarche for at least one measure (Wolff et 

al., 2014; Mouritsen et al., 2013), but results were not consistent across measures. For 

in utero exposure, one study (Watkins et al., 2017) reported conflicting results for age at 

menarche (later age with higher MBP exposure) and pubic hair stages (earlier age with 

higher exposure), the latter of which also conflicted with the results for childhood exposure. 
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In Su et al. (2014), no association was reported. Overall, because of inconsistency and lack 

of coherence between related measures of puberty, there is indeterminate evidence of an 

effect of DBP exposure on pubertal development.

There are two studies that reported on the potential association of DIBP exposure with 

pubertal development (one with childhood exposure measures, one with prenatal). For 

prenatal exposure, Watkins et al. (2014) reported results for menarche and breast and pubic 

hair development in opposite directions. Other results indicated no association. Overall, 

there is indeterminate evidence of an effect of DIBP exposure on pubertal development.

Evaluation of the evidence of an association between BBP exposure and pubertal 

development is based on four studies (two with childhood exposure measures, two with 

prenatal) (Table 5). For childhood exposure, the studies had conflicting results, with one 

showing earlier onset of puberty (Mouritsen et al., 2013) for breast development and one 

showing delayed onset of puberty for breast and pubic hair development (Wolff et al., 2014). 

The effect sizes were small. For prenatal exposure, Watkins et al. (2014) reported earlier 

onset of breast and pubic hair development, but later onset of menarche with increasing 

exposure, while Su et al. (2014) reported no association. Overall, there is indeterminate 
evidence of an effect of BBP exposure on pubertal development.

Four studies reported on the association between pubertal development and DEP (two with 

childhood exposure measures, two with prenatal) (Table 5). For childhood exposure, one 

study reported earlier onset of puberty for age at menarche (Wolff et al., 2017) and the other 

study reported no association (Mouritsen et al., 2013). For prenatal exposure, one study 

(Watkins et al., 2014) showed earlier onset at pubarche with increasing exposure, while the 

other study (Su et al., 2014) reported no association. Because earlier onset of puberty was 

observed in both medium confidence studies, overall, there is slight evidence of an effect of 

DEP exposure on pubertal development.

In summary, there is indeterminate evidence of an association between pubertal development 

in females and exposure to phthalates, with the exception of DEP, which has slight evidence. 

Direct comparison of the effect estimates across studies was hindered by the different 

analysis methods and units, thus the synthesis focused on direction of association, which 

was inconsistent across endpoints within studies, across studies, and across phthalates, 

including in medium confidence studies.

3.2. Fecundity

3.2.1. Study selection and evaluation—There were seven studies that examined 

female exposure to phthalates and its association with time to pregnancy, and three were 

included in the evaluation. Four studies were excluded (Table 6), primarily due to issues 

with temporality (i.e., exposure after outcome). The specific phthalate metabolites examined 

in the remaining three studies and the study evaluations are summarized in Table 6. One 

additional study examined another outcome related to fecundity, rates of clinical pregnancy 

(Hauser et al., 2016). Full rationale is available at https://hawcprd.epa.gov/summary/visual/

100000091/.
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All the included studies of time to pregnancy were prospective cohorts of couples trying 

to conceive. Time to pregnancy was determined prospectively. All studies employed Cox 

regression methods to calculate fecundability ORs, in which a lower value (< 1) represents 

reduced fecundity (increased time to pregnancy). Buck Louis et al. (2014) collected only 

one urine sample for exposure measurement, while the other two studies analyzed multiple 

samples when available. Thomsen et al. (2017) included only 242 of the 430 women in 

the original cohort due to missing urine samples (not collected due to conception in the 

first cycle or lost during storage). Because time to pregnancy differed in those without 

urine samples, this was considered a possible selection bias. One study was classified as 

high confidence (Jukic et al., 2016) and two studies were classified as medium confidence 
(Thomsen et al., 2017; Buck Louis et al., 2014). The single study that evaluated rates of 

pregnancy (Hauser et al., 2016), was a cohort of women undergoing in vitro fertilization and 

was classified as high confidence.

3.2.2. Results and synthesis—Three studies examined the association between DEHP 

exposure in women and time to pregnancy. Results for metabolites MEHP and MEOHP are 

provided in Table 7. There is no evidence that higher DEHP exposure is associated with 

longer time to pregnancy. However, exposure levels were fairly low across the studies, which 

may have reduced the ability of individual studies to detect associations. The one study 

examining rates of clinical pregnancy in a population of couples seeking fertility treatment 

(Hauser et al., 2016) reported lower percentages of participants with a pregnancy with higher 

exposure to DEHP (Q1: 0.57, 95% CI = 0.45–0.69, Q2: 0.46, 95% CI = 0.36–0.57; Q3: 

0.49, 95% CI = 0.38–0.59; Q4: 0.38, 95% CI = 0.28–0.49*, p-trend = 0.04). In addition, 

three studies (four publications) examined related outcomes in women undergoing in vitro 

fertilization, and reported decreases in oocytes (Hauser et al., 2016; Machtinger et al., 2018), 

antral follicle count (Messerlian et al., 2015), embryo quality (Machtinger et al., 2018), and 

implantation (Hauser et al., 2016), though one study reported no decrease in embryo quality 

(Wu et al., 2017). Still, because of the lack of supporting evidence from studies on time 

to pregnancy, which were all of high or medium confidence, evidence of an association 

between DEHP exposure in women and fecundity is considered slight.

Evaluation of the association between exposure to the other phthalates and time to 

pregnancy is based on a subset of the studies described for DEHP, with one to three 

studies for each phthalate (Table 8). With the exception of one study for DEP (Thomsen 

et al., 2017), no association was reported between higher phthalate exposure and lower 

fecundity/increased time to pregnancy. This included the single study examining rates of 

clinical pregnancy (Hauser et al., 2016). There were decreases in related outcomes in women 

undergoing in vitro fertilization in three studies (four publications) for DBP, DIBP, and DEP 

in at least one secondary outcome (Hauser et al., 2016; Messerlian et al., 2015; Machtinger 

et al., 2018; Wu et al., 2017), but based on the lack of association for the primary fecundity 

outcomes, evidence of an association between fecundity and exposure to DINP, DBP, DIBP, 

BBP, and DEP is considered indeterminate.

Radke et al. Page 7

Environ Int. Author manuscript; available in PMC 2022 August 24.

E
PA

 A
uthor M

anuscript
E

PA
 A

uthor M
anuscript

E
PA

 A
uthor M

anuscript



3.3. Spontaneous abortion

3.3.1. Study selection and evaluation—There were five studies that examined 

exposure to phthalates and its association with spontaneous abortion; none were excluded. 

The specific phthalate metabolites examined in the studies and the study evaluations are 

summarized in Table 9. Full rationale is available at https://hawcprd.epa.gov/summary/

visual/100000092/.

Two studies were preconception general population cohorts (Jukic et al., 2016; Toft et 

al., 2012), one was a preconception cohort among women receiving assisted reproductive 

technology (Messerlian et al., 2016) and two were clinic-based, case-control studies (Mu et 

al., 2015); (Yi et al., 2016). With regards to population selection, the case-control studies 

only included women who received ultrasound to confirm pregnancy, which represented a 

potential selection bias as it excludes women who experienced a spontaneous abortion and 

did not receive an ultrasound. One of the preconception cohorts (Toft et al., 2012) had urine 

samples for only 56% (242 out of 430) of the cohort participants because urine samples were 

not collected if conception occurred during the first cycle (n = 111) or because urine samples 

were lost during the storage period. Time to pregnancy differed between the participants 

with and without urine samples, which was considered a potential source of selection bias. 

Two studies were classified as having high confidence (Jukic et al., 2016; Messerlian et al., 

2016) and the other three (Mu et al., 2015; Toft et al., 2012); (Yi et al., 2016) were classified 

as having low confidence.

3.3.2. Results and synthesis—Evaluation of the evidence of an association between 

exposure to DEHP and spontaneous abortion (Table 10) is based on five studies, with three 

studies reporting on early loss, three studies reporting on clinical loss, and one reporting 

on total loss. Of the two high confidence studies, Messerlian et al. (2016) reported elevated 

odds of total loss (early and clinical loss combined) with higher exposure while Jukic et 

al. (2016) reported lower odds of early loss with higher exposure. For early and clinical 

loss, two low confidence studies reported elevated odds with higher exposure (Toft et al. 

(2012) for early loss and Yi et al. (2016) for clinical loss), though the effect estimates for 

one (Mu et al., 2015; Toft et al., 2012) were imprecise. Overall, there is slight evidence of 

an association between DEHP exposure and spontaneous abortion, but there is considerable 

uncertainty due to inconsistency in the high confidence studies.

DINP was measured in two studies (Jukic et al., 2016; Messerlian et al., 2016). No 

association with early loss or total loss, respectively, was observed. This evidence is 

considered indeterminate.

Evaluation of the evidence of an association between exposure to DBP and spontaneous 

abortion is based on five studies (Table 11). Jukic et al. (2016), a high confidence study, 

found slightly elevated ORs between early loss and MBP exposure levels. Toft et al. (2012) 

observed a monotonic increase in OR for early loss with increasing exposure, and an inverse 

association for clinical loss with increasing exposure. Mu et al. (2015) reported an elevated 

OR for clinical loss for quartile 4 vs. quartile 1, but an inverse association for quartiles 2 and 

3 vs. quartile 1. None of the reported associations were statistically significant. Messerlian et 

al. (2016), another high confidence study, and Yi et al. (2016) reported no association. The 
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results for clinical loss were inconsistent, and the effect estimates for early loss were small 

and not statistically significant. Overall, there is slight evidence of an association between 

DBP exposure and early spontaneous abortion.

Four studies examined the association between spontaneous abortion and DIBP exposure 

(Table 11). The two high confidence studies, Jukic et al. (2016) and Messerlian et al. (2016) 

found no relationship between MiBP and early pregnancy loss and total pregnancy loss; 

however, DIBP exposure levels were lower than those reported for other phthalates and 

this may have affected study sensitivity. One low confidence study (Yi et al., 2016) also 

found no increase in clinical loss. Conversely, Mu et al. (2015) reported generally increasing 

associations with increasing exposure, including a statistically significant finding in the 

4th vs. 1st quartile. Given the lack of consistency across studies and the reporting of an 

association in only a single low confidence study, the evidence of an association between 

DIBP exposure and spontaneous abortion is considered indeterminate.

Three studies examined the evidence of an association between BBP exposure (measured 

by MBzP) and spontaneous abortion (Table 11). Toft et al. (2012) found higher ORs with 

a monotonic trend for early loss, but no association between exposure and clinical loss. 

Results from Jukic et al. (2016) and Messerlian et al. (2016), high confidence studies, did 

not support this finding despite Jukic et al. (2016) reporting higher BBP exposure levels. 

Based on this lack of consistency across studies, the evidence of an association between 

BBP exposure and spontaneous abortion is considered indeterminate.

Five studies examined the evidence of an association between DEP exposure and 

spontaneous abortion. Jukic et al. (2016) and Messerlian et al. (2016), the high confidence 
studies, found no association between MEP levels and early loss or total loss, respectively 

(Table 11). One low confidence study (Yi et al., 2016) also reported no association. Toft 

et al. (2012) reported slightly elevated ORs for early loss, and moderately elevated ORs 

for clinical loss. Mu et al. (2015) reported a monotonic increase in ORs with increasing 

exposure. There was not a clear explanation for the lack of association in the high 
confidence studies, but it is possible that the association is limited to clinical loss. Given this 

lack of consistency, the evidence for an association between DEP exposure and spontaneous 

abortion is slight.

In summary, there is slight evidence of an association between spontaneous abortion and 

exposure to DEHP, DBP, and DEP. There is generally inconsistency among the high 

confidence studies.

3.4. Preterm birth

3.4.1. Study selection and evaluation—There were 20 studies (described in 22 

publications) that examined exposure to phthalates and its association with preterm birth or 

gestational duration. Four studies were excluded due to issues with exposure measurement 

and six studies were excluded due to participant enrollment late in pregnancy (i.e., a 

majority of participants were enrolled during the third trimester) (Table 12). The specific 

phthalate metabolites examined in the remaining eight studies (ten publications) and the 
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study evaluations are summarized in Table 12 and full rationale is available at https://

hawcprd.epa.gov/summary/visual/100000093/.

Six studies are pregnancy cohorts, and two are case-control studies nested within pregnancy 

cohorts. These studies vary in size between 60 and 3103 mother-infant pairs included in 

the analysis. Four studies (Casas et al., 2016; Shoaff et al., 2016; Ferguson et al., 2014b) 

measured exposure in two or more urine samples, with the levels averaged, while the 

remaining studies used a single urine sample. Only Ferguson et al. (2014b) additionally 

analyzed the exposure collections separately. The timing of collection (preconception, 

1st, 2nd, or 3rd trimester) varied among the studies; timing variability during pregnancy 

was not considered to be a basis for downgrading confidence in the results because the 

critical window is not known. However, preconception exposure resulted in a downgrade in 

confidence because women may change their diet and overall exposure when they become 

pregnant, and pregnancy may cause metabolic changes. Five studies (Casas et al., 2016; 

Gao et al., 2016; Polańska et al., 2016; Watkins et al., 2016; Smarr et al., 2015) analyzed 

gestational duration as a continuous variable; however, authors of three of these studies 

(Casas et al., 2016; Gao et al., 2016; Smarr et al., 2015) were contacted and were able 

to provide analyses with preterm birth as the outcome to improve comparability between 

studies, and those results are presented here rather than the gestational duration results. 

Only one study (Ferguson et al., 2014b) stratified by type of preterm birth (i.e., spontaneous 

preterm birth). Three studies (Casas et al., 2016; Shoaff et al., 2016; Ferguson et al., 

2014b) were classified as high confidence, and the remaining five were classified as medium 
confidence. The bias for all studies was considered likely to be towards the null, if present, 

due to the possibility of exposure misclassification (see exposure criteria in Supplement 1, 

Section 4.1.1) and other study-specific limitations.

3.4.2. Results and synthesis—Evaluation of the evidence of an association between 

exposure to DEHP and preterm birth is based on six studies that analyzed preterm birth 

as a dichotomous variable (Casas et al., 2016; Gao et al., 2016; Shoaff et al., 2016; Smarr 

et al., 2015; Ferguson et al., 2014b; Meeker et al., 2009) (Fig. 2, results are sorted by 

mean exposure level for studies with continuous exposure) and two studies that analyzed 

gestational duration as a continuous variable (Polańska et al., 2016; Watkins et al., 2016). 

Of the preterm birth studies, four of the six, including two high confidence studies, reported 

elevated ORs, with one (Ferguson et al., 2014b) reaching statistical significance, and very 

similar results among these four studies (OR range for continuous exposure: 1.25–1.33). 

An exposure-response relationship was observed in Ferguson et al. (2014b) (OR range: 

1.23–2.17) and Casas et al. (2016), although the relationship was non-monotonic in the 

latter study. The largest study (Gao et al., 2016) reported no association, but also had lower 

levels of exposure than other studies, with only Smarr et al. (2015) reporting lower levels 

of MEOHP (not shown). This may indicate reduced study sensitivity. The two gestational 

duration studies reported no association between pregnancy duration and DEHP exposure, 

but this is not considered inconsistent with the preterm birth results due to the limitations in 

analyzing gestational duration as a proxy for preterm birth. While there is consistency for 

preterm birth among multiple medium and high confidence studies in varied settings (e.g., 

multiple different countries), there is a lack of association in one high confidence study, as 
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well as the largest study, which may be partly explained by lower study sensitivity resulting 

from low exposure levels. Therefore, there is moderate evidence of an association between 

DEHP exposure and preterm birth.

Two studies of medium confidence included results for DINP. Meeker et al. (2009) reported 

slightly elevated odds (not statistically significant) of preterm birth with higher DINP 

exposure in a small study (MCiOP OR = 1.3, 95% CI = 0.5–3.9), while Polańska et al., 

2016 reported no association with gestational duration (∑DINP β = −0.03, SE = 0.08, p = 

0.5). The evidence for an association between DINP exposure and preterm birth from this 

one study is considered slight.

Evaluation of the evidence of an association between exposure to DBP and preterm birth 

is based on six studies (Casas et al., 2016; Gao et al., 2016; Shoaff et al., 2016; Smarr 

et al., 2015; Ferguson et al., 2014b; Meeker et al., 2009) that analyzed preterm birth as a 

dichotomous variable (Fig. 3; results are sorted by mean exposure level for studies with 

continuous exposure) and two studies that analyzed gestational duration as a continuous 

variable (Polańska et al., 2016; Watkins et al., 2016). Three studies, including two high 

confidence, reported elevated odds of preterm birth (OR range: 1.3 to 4.5) with higher 

exposure (Casas et al., 2016; Ferguson et al., 2014b; Meeker et al., 2009). Statistically 

significant results were reported in Ferguson et al. (2014b) and Meeker et al. (2009), and 

the OR in Meeker et al. (2009) was high. The remaining three studies (Gao et al., 2016; 

Shoaff et al., 2016; Smarr et al., 2015) reported no association or an association with longer 

gestation; however, the DBP exposure levels in Smarr et al. (2015) were the lowest of 

the studies, and as such the study may have had lower sensitivity to detect an association. 

Shoaff et al. (2016) reported statistically significant lower odds of preterm birth with higher 

exposure. Among the two gestational duration studies, the only association reported between 

pregnancy duration and DBP exposure was in female infants in Watkins et al., 2016 (for 

male infants change in days = 0.09, 95% CI = −3.81, 3.99; for female infants change in 

days = −4.46, 95% CI = −8.25, −0.67*). Overall, while there are some inconsistencies in the 

results across studies, there is moderate evidence of an association between DBP exposure 

and preterm birth.

Five studies on preterm birth (Casas et al., 2016; Gao et al., 2016; Shoaff et al., 2016; 

Smarr et al., 2015; Ferguson et al., 2014b; Meeker et al., 2009) and one study on gestational 

duration (Polańska et al., 2016) investigated the association with exposure to DIBP (Fig. 

3). One high confidence study (Shoaff et al., 2016) and one medium confidence study 

(Meeker et al., 2009) reported non-statistically significant elevated odds of preterm birth 

with higher DIBP exposure, while the other three studies reported no association between 

exposure and preterm birth, and there was no clear pattern between exposure level or range 

and higher ORs. Polańska et al. (2016) reported no association with gestational duration (β 
= 0.01, SE = 0.04, p = 0.8). DIBP exposure levels were low in all of the studies relative 

to other phthalates, with the exception of Casas et al. (2016), so the sensitivity to detect an 

association may have been inadequate. The current evidence is considered slight.

Evaluation of the evidence for an association between exposure to BBP and preterm birth 

is based on six studies (Casas et al., 2016; Gao et al., 2016; Shoaff et al., 2016; Smarr 
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et al., 2015; Ferguson et al., 2014b; Meeker et al., 2009) that analyzed preterm birth 

as a dichotomous variable (Fig. 3; results are sorted by mean exposure level for studies 

with continuous exposure variables) and one study that analyzed gestational duration as 

a continuous variable (Watkins et al., 2016). One high confidence study Ferguson et al. 

(2014b) and one medium confidence study (Meeker et al., 2009) reported non-statistically 

significant elevated odds of preterm birth with increasing BBP exposure, although in 

Ferguson et al. (2014b) the OR was only slightly elevated. Results from the other four 

studies (two high confidence and two medium confidence studies) were either no association 

or lowered odds. There was no increase in ORs with increasing exposure levels or range. 

The gestational duration study reported no association between pregnancy duration and BBP 

exposure (Watkins et al. 2016) male infants change in days (β = 0.27, 95% CI = −4.35, 

4.90; female infants change in days (β = −2.60, 95% CI = −7.87, 2.67)). However, BBP 

exposure in all of the studies was low relative to other phthalates, which may have reduced 

the sensitivity to detect an association. Therefore, the evidence is considered slight.

Of the same six studies that investigated DEP exposure and preterm birth, four studies, 

including all three high confidence studies (Casas et al., 2016; Shoaff et al., 2016; Ferguson 

et al., 2014b; Meeker et al., 2009) reported consistent higher odds (OR range: 1.1–1.4) 

of preterm birth with increasing exposure. These results were not statistically significant, 

and the effect estimates were smaller than the results for other phthalates, particularly in 

Meeker et al. (2009). Conversely, Smarr et al. (2015) reported a statistically significant 

negative association and Gao et al. (2016) reported no association, but these two studies 

had the lowest exposure levels. Among the two gestational duration studies, both reported 

an association between shorter gestational duration and increasing exposure, with statistical 

significance in one (Polańska et al. (2016) β = −0.2, SE = 0.1, p = 0.04*; Watkins et al. 

(2016) for male infants change in days = −3.30, 95% CI = −7.94, 1.34; for female infants 

change in days = −2.86, 95% CI = −9.19, 3.47). Given the reasonable consistency between 

the studies, the evidence that DEP exposure is associated with higher risk of preterm birth is 

considered moderate.

In addition to the primary effect, one study (Ferguson et al., 2016) showed that oxidative 

stress may act as a mediator between phthalate exposure and preterm birth, based on a strong 

association between elevated urinary phthalate metabolites and higher levels of oxidative 

stress biomarkers in pregnant women. The author noted that oxidative stress can cause 

apoptosis at the maternal-fetal interface, leading to poor vascularization of the placenta 

and consequently preeclampsia and/or intrauterine growth restriction during pregnancy. 

Another study (Adibi et al., 2010) reported that increased urinary phthalate metabolite 

concentrations were associated with a significant downregulation in the expression of 

placental genes involved in trophoblast differentiation (PPARγ, AhR, and HCG). There 

is also evidence from animal studies that phthalates interfere with maternal ovarian 

function and steroidogenesis, which may have effects on pregnancy maintenance; however, 

this mechanism in females remains poorly defined (reviewed in Kay et al., 2013). This 

mechanistic support provides some biological plausibility for the observed associations.

In summary, there is moderate evidence of an association between preterm birth and 

exposure to DEHP, DBP, and DEP. Table 13 presents a summary of the factors that increase 
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and decrease confidence in this evidence. The evidence of an association for the remaining 

phthalates is considered slight. Exposure levels for BBP, DIBP, and DINP were generally 

lower than for the phthalates with an observed association, which may at least partially 

explain the differences. On the other hand, in the study where DBP and DIBP levels were 

similar Casas et al. (2016), there was an association observed for DBP (not statistically 

significant) but not DIBP.

4. Discussion

Of the outcomes reviewed, preterm birth has the strongest evidence of an association with 

phthalate exposures (Fig. 4). Three of the six phthalates had moderate evidence of a positive 

association, and the remaining three had slight evidence but also fewer studies and/or lower 

exposure levels that could explain the discrepancy. Looking across, there is evidence that 

preterm birth is a hazard associated with at least some phthalate exposures in humans. A 

1-unit increase in the level of phthalate metabolites was associated with a 20–30% or greater 

increase in the odds of preterm birth in some studies. This level of increase is of clear public 

health concern.

Looking across the other outcomes, there is little convincing evidence of an association 

between phthalate exposure and female reproductive outcomes. Spontaneous abortion had 

slight evidence of an association for some phthalates. More studies on spontaneous abortion 

with repeated exposure measures, high study sensitivity (e.g., varied exposure levels, large 

sample size), and prospective outcome ascertainment would help clarify the association. 

This is particularly true for DEHP since the results of one high confidence study were 

compelling but the low confidence studies were conflicting. For pubertal development and 

time to pregnancy, the findings were almost all indeterminate, but additional high confidence 

studies may be informative here as well.

For some outcome-phthalate pairs, lower exposure levels than for other phthalates decreased 

the sensitivity to observe associations with health effects even if they were present in the 

population and hindered the interpretability of null findings. This reduced the ability to 

assess coherence across phthalates. It also is difficult to evaluate the shape of the exposure-

response curve in groups exposed at relatively low levels. While there is evidence of non-

monotonic dose-response relations between some endocrine disrupting chemicals and health 

outcomes (Vandenberg et al., 2012), such evidence does not exist for female reproductive 

outcomes and studies of male reproductive outcomes indicate that such relations are 

linear (NAS, 2017). It seems unlikely that we would be able to precisely identify any 

non-monotonic associations given that phthalate biomarker concentrations typically span 

2–4 orders of magnitude in most epidemiological studies and human phthalate exposures are 

several orders of magnitude lower than those used in animal toxicology studies. However, 

future studies should employ appropriate methods (e.g., smoothing splines) to identify the 

presence of any non-monotonic dose-response relations.

Overall, these findings are mostly consistent with past narrative reviews. Mariana et 

al. (2016) found that the evidence does not support an association between phthalate 

exposure and precocious puberty and reported weak evidence of an association with birth 
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size. Further, they found that there may be an association between prenatal exposure 

to phthalates and reduced gestational time. Benjamin et al. (2017) reported associations 

between phthalates and low gestational duration and spontaneous abortion but did not 

provide a critical review of the available literature. Both of these reviews included the same 

compounds examined in this review.

This systematic review benefited from the involvement of experts on phthalates and female 

reproductive and developmental epidemiology throughout the process, from development of 

the study evaluation criteria through evidence synthesis. Another strength is that methods for 

study evaluation and evidence synthesis were predefined in the systematic review protocol, 

and that studies were evaluated by two reviewers to reduce potential for bias. While study 

evaluation and evidence synthesis conclusions relied on expert judgment of the reviewers 

using structured frameworks, this is preferred in the systematic review community due to 

the limitations of more prescriptive, score-based approaches that tend to focus on reporting 

quality rather than the impact of identified limitations on the results (Higgins and Green, 

2011; Herbison et al., 2006; Juni et al., 1999).

However, while systematic review tools have been in use for some time in studies of clinical 

interventions, these methods have been introduced in the field of environmental health 

assessment more recently. Modifications to the existing tools and approaches have been 

necessary to accommodate challenges inherent to observational studies where exposure is 

not controlled. However, since the application of these approaches is newer and less tested, 

we recognize that there may be aspects of the methodology that could benefit from greater 

transparency for the reader, such as communication of inputs to decisions.

There are other important limitations to note. Due to remaining uncertainty in the database, 

including inconsistency among some high confidence studies and potential for remaining 

unidentified confounders, it is not possible to conclusively establish causality from the 

observational epidemiology studies alone. The integration of this evidence with animal 

toxicology studies and mechanistic studies could provide additional information to address 

some of the uncertainty in the epidemiologic evidence and increase the strength of the causal 

analysis. A complete mechanistic analysis would require additional systematic literature 

identification and synthesis and was outside the scope of this review. In addition, while a 

quantitative meta-analysis may have been informative for studies of preterm birth, it was 

not performed because the necessary analyses were not provided in the same way by all 

of the studies. A meta-analysis on this topic would ideally be performed using the original 

datasets, to allow for better exploration of the exposure-response pattern across the studies 

that contribute data from different exposure ranges, however, this was outside the scope 

of this review. Discussion of some additional issues that apply to all phthalate studies 

is presented in a forthcoming editorial. These include the difficulties in assessing health 

effects of mixtures and separating individual contributions from highly correlated phthalates. 

Despite these limitations, our systematic review of the epidemiological literature supports an 

association between some phthalate exposures and preterm birth.
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Fig. 1. 
Literature flow diagram for female reproductive and developmental effects of phthalates.

*Included one study on low birth weight and one on precocious puberty. Based on the 

abstracts, both would be excluded due to temporality issues.
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Fig. 2. 
Association between DEHP exposure and preterm birth.

*p < 0.05, results that support an association are shaded. Dark gray represents one or more 

of the following: p < 0.05, large effect size (e.g., OR ≥ 1.5), or exposure-response trend 

across categories of exposure. Light gray represents other supportive results.
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Fig. 3. 
Association between exposure to DBP, DIBP, BBP, and DEP and preterm birth.

Each panel depicts results for a metabolite(s) from a different parent phthalate; Q= quartile.

*p < 0.05, results that support an association are shaded. Dark gray represents one or more 

of the following: p < 0.05, large effect size (e.g., OR ≥ 1.5), or exposure-response trend 

across categories of exposure. Light gray represents other supportive results.

Tables are sorted within individual phthalates by median exposure level.
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Fig. 4. 
Summary of epidemiologic evidence of female reproductive and developmental effects 

associated with phthalates.
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