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Abstract

Background—Phthalate exposure is widespread. Prior research suggests that prenatal phthalate 

exposure may influence birth size and gestational duration, but published results have been 

inconsistent.

Objective—We quantified the relationship between maternal urinary phthalate concentrations 

and infant birth weight z-scores, length, head circumference, and gestational duration.

Methods—In a cohort of 368 women from the HOME Study, based in Cincinnati, OH, we 

measured nine phthalate metabolites representing exposure to six parent phthalate diesters in urine 

collected at approximately 16 and 26 weeks gestation. Infant birth size and gestational duration 

were abstracted from medical records. We used multivariable linear regression to estimate 

covariate adjusted associations between urinary phthalate metabolite concentrations and infant 

outcomes.
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Results—In unadjusted models, we observed a negative association between monoethyl 

phthalate (MEP) and birth weight z-scores, while mono-3-carboxypropyl phthalate (MCPP) was 

positively associated with gestational duration. After covariate adjustment, phthalate metabolite 

concentrations were no longer associated with birth size or gestational duration.

Conclusions—In this cohort, urinary phthalate metabolites concentrations during pregnancy 

were not associated with infant birth size or gestational duration. Additional research is needed to 

determine if exposures during earlier periods of fetal development are associated with infant 

health.

Introduction

Phthalic acid diesters, or phthalates, are found in a wide variety of consumer products. 

Phthalates like diethyl phthalate (DEP), di-n-butyl phthalate and di-iso-butyl phthalate are 

used to retain scents in personal care products, such as lotions and perfumes (Braun et al. 

2013; Koo and Lee 2004). Other phthalates, namely di(2-ethylhexyl) phthalate (DEHP) and 

benzylbutyl phthalate, are used as plasticizers in polyvinyl chloride plastics, food processing 

equipment, adhesives, and rainwear (Calafat et al. 2006; Hauser and Calafat 2005). Phthalate 

exposure is widespread, including among pregnant women (Braun et al. 2012; Philippat et 

al. 2012). Phthalates diesters are metabolized quickly into hydrolytic and/or oxidative 

monoester metabolites, conjugated to glucuronide or sulfate, and excreted in urine. Urinary 

concentrations of phthalate monoester metabolite can be used to assess exposure to 

phthalates. However, exposures are variable over time, possibly leading to exposure 

misclassification (Braun et al. 2012).

Phthalate monoester metabolites have been detected in amniotic fluid, umbilical cord blood, 

and meconium (Latini et al. 2003; Silva et al. 2004; Zhang et al. 2003). Some phthalates also 

have well documented anti-androgenic activity in rats and the potential to affect other 

hormonal pathways like the hypothalamic-pituitary-adrenal axis and thyroid axis, which are 

important for growth and development (Boas et al. 2012; Howdeshell et al. 2008; Ma et al. 

2011).

Prenatal phthalate exposure has been reported to have an effect on birth size in some animal 

studies (Sharpe 2005; Tanaka 2002, 2003, 2005; Tyl et al. 2004) but not in others (Arcadi et 

al. 1998; Hoshino et al. 2005). Similarly, associations between prenatal phthalate exposure 

and infant size at birth or gestational duration in humans have been inconsistent. Some 

studies reported that increased prenatal phthalate exposure was associated with smaller size 

at birth and shorter gestation (Ferguson et al. 2014b; Meeker et al. 2009; Whyatt et al. 2009), 

while others reported that exposure was associated with longer gestation (Adibi et al. 2009; 

Wolff et al. 2008).

The purpose of this study was to examine the relation between prenatal phthalate exposure 

and infant size at birth (birth weight z-score, length, and head circumference) and gestational 

duration using a population-based prospective cohort of pregnant women from Cincinnati, 

OH, who provided up to two urine samples during the 2nd and 3rd trimesters of pregnancy.
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Methods

Study Participants

We analyzed data collected from an ongoing prospective pregnancy and birth cohort, the 

Health Outcomes and Measures of the Environment (HOME) Study. Eligibility requirements 

included that women were ≥ 18 years of age, less than 19 weeks of gestation, living in the 

Cincinnati, OH area, and living in a home built before 1978 (Braun et al. 2010; Braun et al. 

2016). Women in this study were recruited from seven prenatal care clinics affiliated with 

three Cincinnati, OH hospitals between 2003–2006. Our analysis included women who gave 

birth to a live singleton infant. Our final sample size was 368 mother-infant pairs after 

excluding two infants with genetic or chromosomal abnormalities and women missing 

covariate information (n=18).

Prenatal Phthalate Exposure Assessment

Participants provided two spot urine samples at approximately 16 (range: 10.4–22.6) and 26 

(range: 19.1–34.6) weeks gestation. Urine was collected into polypropylene specimen cups, 

refrigerated until processing, and stored at or below −20°C until chemical analysis. Nine 

urinary phthalate metabolites were measured using previously described analytic methods; 

the limits of detection ranged from 0.1–1.0 ng/ml (Silva et al. 2004). To account for urine 

dilution, phthalate metabolite concentrations were creatinine-standardized by dividing 

metabolite concentrations (ng/mL) by creatinine concentrations (mg/dL) and multiplying by 

100. These creatinine-standardized values were then log10-transformed. If more than one 

urine sample was provided, as was the case for 353 women (96%), the log10-transformed 

creatinine-standardized values from the 16- and 26-week samples were averaged. We created 

a summary measure for the four monoester metabolites of DEHP by dividing each 

metabolite by its molar mass and summing the metabolite concentrations, such that 

(ΣDEHP) was the molar sum of mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), 

mono(2-ethylhexyl) phthalate (MEHP), mono(2-ethyl-5-oxohexyl) phthalate (MEOHP) and 

mono(2-ethyl-5-carboxypentyl) phthalate (MECPP).

Infant Anthropometrics and Gestational duration

We abstracted infant birth anthropometry, including birth weight (g), length (cm), and head 

circumference (cm), from medical records. Gestational duration (weeks) was calculated 

using mothers’ self-report of last menstrual period (n=360), ultrasound (n=6), or Ballard 

scores (n=2). We calculated birth weight z-scores, a standardized measure of birth weight for 

gestational age, from United States reference data (Oken et al. 2003).

Covariates

A directed acyclic graph (DAG) was drawn a priori to assess potential confounders 

associated with both phthalate exposure and birth outcomes (Supplemental Figure 1) 

(Greenland et al. 1999; Textor et al. 2011). We considered socio-demographic, nutritional, 

environmental, and perinatal factors. Socio-demographic factors including maternal age, 

race, income, marital status, and insurance status were assessed using standardized 

interviews administered by trained research assistants. Nutritional factors were assessed 
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during the 2nd or 3rd trimester of pregnancy using standardized interviews and included 

maternal food security, prenatal vitamin use, and frequency of fruit, vegetable, and fish 

consumption. Serum cotinine, a sensitive and specific marker of active and secondhand 

tobacco smoke exposure, was measured using previously described methods (Bernert et al. 

1997; Braun et al. 2010). Perinatal factors including parity and maternal mid pregnancy 

body mass index (BMI) at ~16 weeks gestation were abstracted from medical records. 

Depressive symptoms at 20 weeks gestation were assessed using the Beck Depression 

Inventory-II (Beck 1996). Our final adjusted models included maternal race, age, income, 

education, marital status, insurance status, parity, cotinine, food security, BMI, prenatal 

vitamin use, fish consumption, fruit/vegetable consumption, and depressive symptoms. 

When assessing head circumference, mode of delivery was added to the model.

Statistical Analysis

We described mean birth weight z-scores according to covariates. We then examined 

univariate characteristics of urinary phthalate metabolite concentrations, calculated 

Spearman correlations between repeated measures at 16 and 26 weeks gestation for all 

phthalate metabolites, and examined correlations between different phthalate metabolites. 

We used linear regression to estimate the unadjusted and adjusted difference in size at birth 

or gestational duration for each ten-fold increase in urinary phthalate metabolite 

concentration. We also considered preterm birth (gestational duration <37 weeks) as a 

dichotomous outcome. We evaluated the presence of non-linear relationships of phthalate 

metabolites with birth weight z-score and gestational duration using restricted cubic splines 

(Desquilbet and Mariotti 2010).

We performed additional analyses removing nutritional exposures and only including socio-

demographic covariates in our multivariable models. We also examined whether maternal 

smoking (serum cotinine >3 ng/mL vs. < 3 ng/mL) (Benowitz et al. 2009), infant sex, or race 

(Black vs. White) modified the association between urinary phthalate metabolite 

concentrations and birth outcomes by including product interaction terms between urinary 

phthalate metabolite concentrations and these potential modifiers. We examined the 

magnitude and precision of associations within strata, as well as the product interaction term 

p-value.

Sensitivity Analyses

We performed several sensitivity analyses to examine the robustness of results to various 

assumptions and adjustments. First, we excluded 49 women with one or more of the 

following medical conditions that could possibly affect phthalate metabolite excretion and 

fetal growth: gestational diabetes (n=10), pregnancy induced hypertension (n=18), 

preeclampsia (n=21), chorioamnionitis (n=5), placenta previa (n=2), or placental abruption 

(n=9). Then we performed analyses using birth weight, instead of birth weight z-scores, both 

with and without adjusting for gestational duration in the model. Next, we conducted 

analyses without creatinine-standardizing phthalate metabolite concentrations, instead 

adding creatinine to the model as a covariate. We also re-conducted our analyses restricting 

to women with urinary creatinine levels between 30–300 mg/dl. We ran analyses adjusting 

for maternal weekly weight gain during pregnancy. We also examined urinary phthalate 
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concentrations separately at 16 and 26 weeks gestation by estimating the adjusted 

association between birth weight z-scores or gestational age and each phthalate metabolite, 

at each time point with separate regression models. Finally, we assessed whether adjusting 

for other environmental exposures affected the magnitude or precision of our associations. 

These other environmental factors included bisphenol A (BPA), organophosphate (OP) 

pesticides, and self-reported alcohol consumption. Urinary BPA and six dialkyl phosphate 

(DAP) metabolites (biomarker of OP pesticide exposures) were measured at 16 and 26 

weeks gestation using previously described analytic chemistry methods (Braun et al. 2009; 

Bravo et al. 2004; Ye et al. 2005). Prenatal alcohol consumption was assessed at 20 weeks 

gestation and 4 weeks postpartum using a questionnaire.

Results

Women in this cohort were predominantly white (63%), married (66%), and had household 

income >$40,000 per year (62%) (Table 1). Characteristics of women included in the 

analyses did not significantly differ from characteristics of the full sample of women in the 

study (results not shown).

Maternal urine samples were collected at an average (± standard deviation) of 16 ± 1.9 and 

26.5 ± 2.1 weeks gestation. Metabolite concentrations are described in Table 2. Log10-

transformed monoethyl phthalate (MEP), mono-n-butyl phthalate (MBP) and mono-iso-

butyl phthalate (MiBP), and monobenzyl phthalate (MBzP) concentrations were moderately 

correlated (r=0.41, 0.44, 0.48, 0.52, respectively) across the 16- and 26-week visits, while 

log 10-transformed ΣDEHP and mono-3-carboxypropyl (MCPP) concentrations were weakly 

correlated (r=0.24 and 0.38, respectively) (Supplemental Table 1). Correlations between 

different mean urinary metabolite concentrations ranged between 0.02 (MEP and ΣDEHP) 

and 0.44 (MBzP and MBP) (Supplemental Table 2).

In our unadjusted model, a ten-fold increase in urinary MEP concentrations was associated 

with a 0.23 standard deviation reduction in birth weight z-score (95% CI: −0.46, −0.01) 

(Figure 1, Supplemental Table 3). Non-significant negative associations of MEP were also 

observed with gestational duration, birth length and head circumference (Supplemental 

Table 3, Figure 2). In the unadjusted model, a ten-fold increase in urinary MCPP 

concentrations was associated with a 0.91 week increase in gestational duration (95% CI: 

0.19, 1.62) (Figure 2). We observed non-significant positive associations of urinary MCPP 

concentrations with birth weight z-score, birth length and head circumference (Supplemental 

Table 3).

After adjustment for potential confounders, the associations between all the phthalate 

metabolites and birth weight z-scores were attenuated towards the null (Figure 1). The 

associations with MEP and birth weight z-score, gestational duration, birth length and head 

circumference were attenuated but still negative in direction (Figure 1 & 2, Supplemental 

Table 3). Associations between MCPP and gestational duration were attenuated after 

adjustment as well although they still demonstrated a positive trend (0.77 week, 95%CI: 

−0.03, 1.52) (Figure 2, Supplemental Table 3).
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We also considered preterm birth (born before 37 weeks) as a dichotomous outcome and 

consistent with the increase in gestational duration observed with increasing maternal 

urinary MCPP, we observed a decrease in the odds of preterm birth associated with a 10-fold 

increase in urinary MCPP concentrations (OR: 0.08, 95%CI: 0.01, 0.52) (Table 3).

All p-values for non-linearity were >0.05 except for the p-value for the association between 

MEP and birth weight z-score (p<0.02). However, the confidence intervals were very 

imprecise at very low and high MEP concentrations, and the significant non-linearity p-

value may have been driven by influential points at the extremes of the exposure/outcome 

distribution. We found no evidence to suggest that the associations between urinary 

phthalate metabolite concentrations and birth weight z-score were modified by infant sex (all 

product interaction p-values > 0.13), maternal race (all product interaction p-values > 0.07) 

or smoking (all product interaction p-values > 0.18). Further, there was no evidence to 

suggest that the associations between urinary phthalate metabolite concentrations and 

gestational duration were modified by maternal race (all product interaction p-values >0.14) 

or smoking (all product interaction p-values>0.42). However, we did find that the 

association between maternal MBzP urinary concentrations and gestational duration was 

modified by infant sex (P=0.05). A ten-fold increase in urinary MBzP concentrations was 

associated with a 0.20 week increase in gestational duration in boys (95% CI: −0.54, 0.94) 

and a 0.82 week decrease in gestational duration in girls (95% CI: −1.56, −0.08).

Sensitivity Analyses

When birth weight was considered as the outcome adjusted for other covariates but without 

adjustment for gestational duration, we observed that each ten-fold increase in urinary MEP 

phthalate metabolite concentration was associated with a 95 gram reduction in birth weight 

(95% CI: −226, −36). However, this association was attenuated when we adjusted for 

gestational duration (−21g, 95%CI: −122, 80) (Supplemental Table 3). Our results were not 

substantively changed when we added creatinine to the model as opposed to standardizing 

by creatinine or restricted our analyses to women with creatinine levels between 30–300 

mg/dl (Supplemental Table 4). Further, the results were not substantially changed after 

excluding women with medical conditions, adjusting for maternal urinary BPA or DAPs 

concentrations, adjusting for self-reported prenatal alcohol use, or adjusting for maternal 

weekly weigh gain during pregnancy (Supplemental Table 4). We found no evidence that the 

birth weight z-score associations differed with respect to the timing of exposure (16 vs. 26 

weeks gestation) (Supplemental Table 5). Similarly, there was little evidence that 

associations between gestational age and phthalate metabolites differed based on timing of 

exposure, although associations with MEP appeared to be slightly stronger for exposure at 

16 weeks and associations with MCPP appeared to be slightly stronger for exposure at 26 

weeks (Supplemental Table 6). We also found similar results when restricting to a smaller 

set of covariates that included only demographic and socioeconomic variables or a larger set 

including all the covariates in Table 1 (results not shown).
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Discussion

In this prospective cohort, maternal urinary phthalate metabolite concentrations were not 

associated with infant birth weight z-score, birth length, head circumference, or gestational 

duration after adjustment for potential confounders. There was some evidence that MCPP, a 

nonspecific metabolite of several high molecular weight phthalates, was associated with an 

increase in gestational duration. Further, there was some evidence that MEP was associated 

with reductions in birth weight, but these associations were attenuated after adjusting for 

gestational duration. Given the observed association between some prenatal urinary 

phthalate concentrations and gestational age in these data, gestational age may be an 

intermediate between prenatal phthalate exposure and birthweight. Thus, adjusting for 

gestational age may be inappropriate and the more appropriate association may be from the 

results that are not adjusted for gestational age (Supplemental Table 3). Phthalate 

concentrations among women in our cohort were similar in magnitude to concentrations 

reported in a sample of pregnant women from the general US population in 2003–2004 

(Woodruff et al. 2011) and, with few exceptions, to concentrations in other studies that have 

evaluated the association between prenatal phthalate exposure and infant birth size or 

gestational duration (Adibi et al. 2003; Ferguson et al. 2014b; Philippat et al. 2012; Whyatt 

et al. 2009; Wolff et al. 2008). Differences in urinary phthalate metabolite concentrations 

may reflect differences across studies in demographic composition, lifestyle, years of sample 

collection, diet, and personal care product use.

Results are discrepant among the four studies reporting results for MEP. Philippat et al. 

(2012) found no association between maternal urinary MEP metabolite concentrations and 

size at birth. Wolff et al. (2008) found positive associations between maternal urinary MEP 

concentrations and both head circumference and gestational duration. Both Meeker et al. 

(2009) and Ferguson et al. (2014) reported slightly elevated, although not statistically 

significant, odds of preterm birth with increasing maternal urinary MEP concentrations.

Among studies examining DEHP phthalate metabolites and birth outcomes, results have 

been inconsistent, reporting inverse (Ferguson et al. 2014b; Meeker et al. 2009; Whyatt et al. 

2009), null (Philippat et al. 2012; Wolff et al. 2008), and positive (Adibi et al. 2003) 

associations between urinary prenatal DEHP phthalate metabolite concentrations and infant 

birth outcomes. Among studies examining MCPP, no significant associations were found 

with gestational duration (Ferguson et al. 2014b; Wolff et al. 2008) or birth size (Philippat et 

al. 2012; Wolff et al. 2008).

A possible explanation for discrepant results could be differences in the timing or number of 

urine samples used to quantify phthalate exposure in each study. Ferguson et al. (2014) 

collected 3 to 4 urine samples per woman, while the other studies used a single maternal 

urine sample to assess prenatal phthalate exposure (Meeker et al. 2009; Philippat et al. 2012; 

Wolff et al. 2008). Due to the relatively short half-life of phthalate metabolites and episodic 

nature of exposure, there is considerable within-person variability of some urinary phthalate 

metabolites, especially ΣDEHP and MCPP, making accurate exposure assessment difficult 

and potentially leading to exposure misclassification. Assuming the misclassification is non-

Shoaff et al. Page 7

Environ Res. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



differential, our study may be more likely to find associations than prior studies that had just 

one urine sample per woman.

The exact timing of urine collection varied between studies, with collection predominantly 

occurring in the third trimester. While results in our study did not substantially vary based on 

trimester of maternal urine collection, analyses by Ferguson and colleagues suggest that the 

risk of preterm birth associated with prenatal exposure to some phthalates may be dependent 

on timing (Ferguson et al. 2014a). If there are time-specific associations between prenatal 

phthalate exposure and birth outcomes, the discrepant results across studies may be due to 

differences in the timing of phthalate measurements and future studies will need to consider 

collecting serial measures during pregnancy.

Our study has several strengths including a prospective study design with rich covariate 

information including information on co-exposures of interest. Another strength of our study 

is that we collected two urine samples from almost all women (96%), enabling us to better 

characterize exposure and reduce exposure misclassification. However, the degree of 

exposure misclassification likely varies according to the within-person variability of 

phthalate exposure sources. Serial concentrations of MBP, MiBP, MBzP, and MEP in 16- 

and 26-week urine samples were more strongly correlated than repeated concentrations of 

ΣDEHP and MCPP. This is likely due to the parent diesters of MBP, MiBP, and MEP 

coming predominately from personal care product use and exposure to DEHP and the 

precursors of MCPP coming predominately from the diet (Hauser and Calafat 2005).

We adjusted for a variety of potential confounders, including socio-demographic, nutritional, 

environmental, and perinatal factors. After covariate adjustment results were attenuated 

towards the null, indicating that there was confounding by these factors. However, our 

measures of diet were crude, and it is possible that there is residual confounding from diet, 

as maternal diet may be associated with exposure to phthalates like DEHP and diet quality 

may be associated with fetal growth. There is also the potential for residual confounding 

from other unmeasured factors associated with both phthalate exposure and fetal growth or 

gestational duration.

We found evidence that child sex modified the association between urinary MBzP 

concentrations and gestational duration, with higher maternal urinary MBzP concentrations 

associated with shorter gestational duration in female infants but not male infants. In this 

cohort, we previously observed an association between MBzP concentrations and increased 

diastolic blood pressure in pregnant women (Werner et al. 2015), a risk factor associated 

with preterm birth (Bramham et al. 2014). However, it is unclear why we would only see 

decreased gestational duration in female infants and it is possible that this association is 

spurious. Our sample size may not have been large enough to test for effect modification by 

maternal smoking, maternal race, or infant sex. However, it is important to consider these 

modifiers because the effects of prenatal phthalate exposure could differ within each of those 

categories. For example, prior studies have shown sex-specific associations of phthalates on 

infant and child outcomes, including anogenital distance and behavior (Engel et al. 2010; 

Swan 2006).
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While our study population was not demographically representative of women in the United 

States, concentrations of phthalate metabolites in our sample were similar to other US 

studies of pregnant women within the same timeframe (Whyatt et al. 2009; Wolff et al. 

2008; Woodruff et al. 2011). In addition, sociodemographic factors in this cohort were 

associated with birth weight in the directions found in other studies, suggesting that these 

findings may be generalizable to other populations of pregnant women.

The results of this study suggest that maternal urinary phthalate metabolite concentrations 

are not associated with birth size and gestational duration in our cohort of women in 

Cincinnati, Ohio after covariate adjustment. While there is potential for phthalate exposure 

misclassification, 96% of women in our cohort provided two urine samples, enabling us to 

better characterize exposure than most prior studies. Additional research is needed in larger 

studies assessing phthalate exposure earlier in pregnancy to confirm these findings and 

determine if exposures during earlier periods of fetal development are associated with infant 

health.

Supplementary Material

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

• After adjustment, phthalate metabolite concentrations were not 

associated with gestational age

• After adjustment, phthalate metabolite concentrations were not 

associated with birth size
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Figure 1. 
Unadjusted and adjusted change in infant birth weight z-score with a 10-fold increase in 

average prenatal urinary phthalate metabolite concentrationsa

Monoethyl phthalate (MEP), Mono-n-butyl phthalate (MBP) and Mono-iso-butyl phthalate 

(MiBP), Mono-3-carboxypropyl phthalate (MCPP), Monobenzyl phthalate (MBzP). Di(2-

ethylhexyl) phthalate (ΣDEHP) metabolites is the sum of Mono(2-ethyl-5-hydroxyhexyl) 

phthalate (MEHHP), Mono(2-ethylhexyl) phthalate (MEHP), Mono(2-ethyl-5-oxohexyl) 

phthalate (MEOHP) and Mono(2-ethyl-5-carboxypentyl) phthalate (MECPP).
aAdjusted for: maternal race, age, income, education, marital status, insurance, parity, food 

security, prenatal vitamin use, fish consumption, fruit/vegetable consumption, BMI, BDI 

score and serum cotinine level using multivariable linear regression.
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Figure 2. 
Unadjusted and adjusted change in gestational age with a 10-fold increase in average 

prenatal urinary phthalate metabolite concentrationsa

Monoethyl phthalate (MEP), Mono-n-butyl phthalate (MBP) and Mono-iso-butyl phthalate 

(MiBP), Mono-3-carboxypropyl phthalate (MCPP), Monobenzyl phthalate (MBzP). Di(2-

ethylhexyl) phthalate (ΣDEHP) metabolites is the sum of Mono(2-ethyl-5-hydroxyhexyl) 

phthalate (MEHHP), Mono(2-ethylhexyl) phthalate (MEHP), Mono(2-ethyl-5-oxohexyl) 

phthalate (MEOHP) and Mono(2-ethyl-5-carboxypentyl) phthalate (MECPP).
aAdjusted for: maternal race, age, income, education, marital status, insurance, parity, food 

security, prenatal vitamin use, fish consumption, fruit/vegetable consumption, BMI, BDI 

score and serum cotinine level using multivariable linear regression.
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Table 1

Birth weight z-score by covariates among HOME Study women and their infants (2003–2006)

n (%) Mean Birth Weight Z-score (SD)

Overall 368 0.06 (1)

Maternal age (years)

 <25 85 (23) −0.45 (0.85)

 25–35 222 (60) 0.23 (0.98)

 >35 61 (17) 0.17 (1.22)

Household Income ($/year)

 <20,000 78 (21) −0.47 (0.80)

 20–<40,000 63 (17) −0.07 (1.00)

 40–<80,000 124 (34) 0.39 (1.10)

 ≥80,000 103 (28) 0.16 (0.97)

Race

 Non-Hispanic White 231 (63) 0.28 (1.06)

 Black 111 (30) −0.33 (0.89)

 Other 26 (7) −0.20 (0.87)

Marital Status

 Married 241 (65) 0.25 (1.05)

 Unmarried, cohabiting 51 (14) −0.17 (0.84)

 Unmarried, living alone 76 (21) −0.37 (0.94)

Education

 <High School 38 (10) −0.45 (0.81)

 High School or some college 140 (38) −0.09 (0.99)

 Bachelors or more 190 (52) 0.27 (1.06)

Serum Cotinine Concentrations

 <0.015 ng/mL (Unexposed) 112 (30) 0.18 (1.11)

 0.015–3 ng/mL (Second hand) 217 (59) 0.05 (0.98)

 >3 ng/mL (Active smoker) 39 (11) −0.25 (1.01)

Depressive Symptoms

 Minimal 288 (78) 0.09 (1.03)

 Mild 51 (14) −0.06 (1.09)

 Moderate/severe 29 (8) −0.04 (0.93)

Parity at Enrollment

 Nulliparous 166 (45) −0.11 (1.04)

 1–2 176 (48) 0.21 (1.04)

 3+ 26 (7) 0.08 (0.80)

Insurance

 Private 265 (72) 0.21 (1.05)

 Public/uninsured 103 (28) −0.32 (0.88)

Prenatal Vitamin use

 None 52 (14) −0.20 (0.93)
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n (%) Mean Birth Weight Z-score (SD)

 Any 316 (86) 0.11 (1.05)

Food Security

 Enough 283 (77) 0.12 (1.06)

 Enough, but not kinds of food wanted 68 (18) −0.04 (0.96)

 Not enough 17 (5) −0.61 (0.43)

Fish Consumption

 Weekly 78 (21) −0.01 (0.97)

 Monthly 124 (34) 0.22 (1.10)

 Infrequent 166 (45) 0.02 (1.00)

Fruit/Vegetable Consumption

 Daily 145 (39) −0.02 (0.98)

 Weekly 181 (49) 0.13 (1.09)

 Monthly 42 (11) 0.00 (0.96)

Alcohol consumption during pregnancy

 Never 206 (56) 0.00 (1.06)

 <1/month 111 (30) 0.16 (0.97)

 >1/month 21 (6) 0.01 (0.92)

 Binge 30 (8) 0.13 (1.15)

Infant Sex

 Female 199 (54) −0.02 (0.97)

 Male 169 (46) 0.16 (1.10)

Maternal Body Mass Index (Kg/m2) at 16 weeks gestation

 Underweight-normal (≤24.99) 155 (42) −0.12 (0.99)

 Overweight (25–29.9) 123 (33) 0.15 (1.02)

 Obese(≥30) 90 (24) 0.25 (1.09)

Delivery Method

 Vaginal 229 (62) −0.03 (0.99)

 Vaginal (forceps, vacuum) 31 (8) 0.26 (1.06)

 Cesarean 108 (29) 0.19 (1.11)
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Table 3

Adjusted odds ratio of preterm birth with 10-fold Increase in average prenatal urinary phthalate metabolite 

concentration (2003–2006) a,b

Phthalate Metabolite Odds Ratio (95% CI)

MBP 0.20 (0.04, 0.96)

MiBP 1.41 (0.36, 5.58)

MEP 1.35 (0.56, 3.27)

MBzP 0.57 (0.19, 1.74)

MCPP 0.08 (0.01, 0.52)

ΣDEHP 0.62 (0.20, 1.90)

a
Adjusted for: maternal race, age, income, education, marital status, insurance, parity, food security, prenatal vitamin use, fish consumption, fruit/

vegetable consumption, BMI, BDI score and serum cotinine level using multivariable linear regression.

b
32 cases and 357 non-cases.

Monoethyl phthalate (MEP), Mono-n-butyl phthalate (MBP) and Mono-iso-butyl phthalate (MiBP), Mono-3-carboxypropyl phthalate (MCPP), 
Monobenzyl phthalate (MBzP). Di(2-ethylhexyl) phthalate (ΣDEHP) metabolites is the sum of Mono(2-ethyl-5-hydroxyhexyl) phthalate 
(MEHHP), Mono(2-ethylhexyl) phthalate (MEHP), Mono(2-ethyl-5-oxohexyl) phthalate (MEHOP) and Mono(2-ethyl-5-carboxypentyl) phthalate 
(MECPP).
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