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Abstract

Background—Urinary phthalate metabolites and psychosocial stress in pregnancy have each 

been associated with preterm birth (PTB), but no study has examined the joint impact of these two 

environmental exposures. We hypothesized that there would be stronger associations between 

phthalate exposure and PTB in mothers with higher stress in pregnancy compared to mothers with 

lower stress.

Methods—We addressed this question using data from The Infant Development and the 

Environment Study (TIDES), a prospective birth cohort conducted at four US sites (N=783). We 

examined urinary phthalate metabolite concentrations measured in samples collected from up to 

three trimesters of pregnancy. Mothers reported their exposure to stressful life events (SLE) in 

each trimester in a questionnaire administered in the third trimester. PTB was defined as delivery 

before 37 weeks completed gestation (n=71, 9.1%). We examined associations between urinary 
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phthalate metabolite concentrations (individual time points and on average) and PTB using logistic 

regression models adjusted for maternal race, age, pre-pregnancy body mass index, education, 

specific gravity, and gestational age at sample collection. In addition, we created models stratified 

by whether or not mothers were exposed to any or no SLE in pregnancy.

Results—Summed di-2-ethylhexyl phthalate (ΣDEHP) metabolites measured in urine samples 

from the third trimester, but not the first trimester, were associated with an increased odds ratio 

(OR) of PTB (OR=1.44, 95% confidence interval [CI]=1.06, 1.95). In models stratified by SLE, 

associations between third trimester ΣDEHP concentrations and PTB were significant only for 

women experiencing one or more SLE during pregnancy (OR for ΣDEHP: 2.09, 95% CI: 1.29, 

3.37) but not for women with no SLE during pregnancy (OR for ΣDEHP: 1.04, 95% CI: 0.66, 

1.63) (p for interaction=0.07).

Conclusions—We observed an association between urinary ΣDEHP levels and PTB that was 

modified by whether a mother was exposed to one or more psychosocial stressors during 

pregnancy. Additional research to understand the joint impacts of chemical and non-chemical 

exposures, with an emphasis on timing of exposure, is needed in order to advance the state of the 

science on how the environment influences pregnancy.
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Introduction

Phthalates are non-persistent compounds used in personal care products and plastics. 

Exposure occurs through dermal absorption, ingestion of contaminated foods and beverages, 

and inhalation and is ubiquitous in pregnant women (Woodruff et al. 2011). Data supporting 

an association between exposure to phthalates in pregnancy and preterm birth are 

accumulating, but results are not always consistent (Casas et al. 2015; Ferguson et al. 2014b; 

Meeker et al. 2009; Shoaff et al. 2016; Watkins et al. 2016; Whyatt et al. 2009). 

Psychosocial stress in pregnancy has also been associated with preterm birth (Hobel 2004), 

and has action through certain mechanistic pathways, such as epigenetic changes and 

alteration of glucocorticoid activity (Kim et al. 2018; Obel et al. 2005), that may overlap 

with those of phthalates. This raises the possibility of a joint effect. Combined exposure to 

chemical and non-chemical stressors has been associated with deleterious outcomes of 

pregnancy and child development in other contexts (Barrett et al. 2016; Chen et al. 2008; 

Cowell et al. 2015; Vesterinen et al. 2017; y Ortiz et al. 2017). However, to date, the 

combination of environmental chemical exposures and psychosocial stress in the etiology of 

preterm birth has not been studied. Examining combined effects of environmental exposures, 

including both chemical and non-chemical factors, is important because it can highlight 

individual susceptibility and inform public health prevention strategies.

Within The Infant Development and the Environment Study (TIDES), a large pregnancy 

cohort study, we examined the joint impact of phthalate and psychosocial stress exposure in 

pregnancy on preterm birth. We assessed phthalate exposure with urinary metabolites 

measured at up to three time points per participant in pregnancy and tested for interaction 
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with psychosocial stress by examining associations among women who self-reported 

experiencing stressful life events during pregnancy and among those who reported no 

stressful life events.

Methods

Study population

TIDES recruited women between August 2010 and August 2012 to participate in a 

prospective cohort study examining the association between maternal urinary phthalate 

metabolites in pregnancy and infant reproductive development. Women were recruited from 

the following academic clinics during routine prenatal care: University of California, San 

Francisco (UCSF); University of Rochester Medical Center (URMC); University of 

Minnesota (UMN); and University of Washington/Seattle Children’s Hospital (UW/SCH). 

UCSF, UMN, and UW/SCH are located in major urban centers from the Northwestern 

(UCSF, UW/SCH) and Midwestern (UMN) United States. URMC in Rochester, New York, 

is located in the Northeastern United States and has a smaller population compared to the 

other locations and is also the most racially diverse (US Census Bureau 2010). Women were 

eligible to participate if they were 18 years or older, English speaking (or Spanish at UCSF), 

had a singleton pregnancy, did not report a condition (medical or otherwise) that might 

prevent them from continuing participation throughout the study, were <13 weeks pregnant 

at recruitment, and planned to deliver at a study site. Enrolled women completed a 

questionnaire and provided a spot urine sample at three routine visits across pregnancy, one 

per trimester (i.e., T1, 2, and 3) (Swan et al. 2015). Additional information on recruitment 

procedures, questionnaire completion, and study design has been previously described 

(Barrett et al. 2014). Prior to participation, all women provided signed informed consent. All 

study procedures were approved by site-specific IRBs and at the Icahn School of Medicine 

at Mount Sinai, the TIDES Coordinating Center. For the present analysis, we included 

women who had at least one urinary measurement of phthalates analyzed during pregnancy 

as well as information on gestational age at delivery (N=783).

Phthalate metabolite analysis

Women provided urine samples in sterile phthalate-free polypropylene cups specimen cups 

at each study visit in the first (T1), second (T2) and third (T3) trimesters. Immediately after 

collection, specific gravity was measured using a hand-held refractometer to assess urine 

dilution. Additional details on sample collection, processing, and analysis have been 

previously described (Swan et al. 2015). Urinary phthalate metabolites were measured in 

spot urine samples in subsets over time. T1 samples were analyzed first by the Division of 

Laboratory Sciences, National Center for Environmental Health, Centers for Disease Control 

and Prevention (CDC) and the University of Washington (UW), as described in detail 

elsewhere (Silva et al. 2007; Swan et al. 2015). Briefly, the analytic methods entailed 

enzymatic deconjugation from glucuronidated forms, solid phase extraction, separation with 

high performance liquid chromatography, and detection by either isotope-dilution tandem 

mass spectrometry (CDC) or electrospray ionization-tandem mass spectrometry (UW) 

(Swan et al. 2015). Analytes measured included the following phthalate metabolites: the 

di-2-ethyl hexyl phthalate (DEHP) metabolites mono-2-ethylhexyl phthalate (MEHP), 

Ferguson et al. Page 3

Environ Int. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



mono-2-ethyl-5-oxohexyl phthalate (MEOHP), mono-2-ethyl-5-hydroxyhexyl phthalate 

(MEHHP), and mono-2-ethyl-5-carboxypentyl phthalate (MECPP); mono-ethyl phthalate 

(MEP); mono-benzyl phthalate (MBzP); mono-n-butyl phthalate (MBP); mono-isobutyl 

phthalate (MiBP); and mono-3-carboxypropyl phthalate (MCPP). Additionally, mono-

carboxy-isononyl phthalate (MCNP), mono-carboxy-isooctyl phthalate (MCOP), and the 

phthalate alternative metabolite cyclohexane-1,2-dicarboxylic acid monohydroxy isononyl 

ester (MHINCH) were measured at CDC but not at UW. For all measurements within this 

set, including those measured both at CDC and UW, values below the limit of detection 

(LOD) were assigned the value LOD divided by the square root of 2, as has been 

recommended when the data are not highly skewed (Hornung and Reed 1990).

The second analysis set includes urine from T2 and T3 provided by a subset of mothers of 

boys (n=169) who were selected randomly from all mothers of boys who had provided urine 

in each trimester, to examine windows of vulnerability to exposure for the primary endpoints 

of the study (Martino-Andrade et al. 2016). These were also analyzed at the CDC at the 

same time as the first set of samples, using the same methods described above. The same 

phthalate metabolites were included in this analytic set as the first, and values below the 

LOD were handled in the same manner.

In the third analysis set, the remaining urine samples from T3 were analyzed at the CDC in 

2017. Again, the analytic approach was the same as in previous sets. For this set, the CDC 

provided machine-reported values for phthalate metabolite levels below the LOD, per an 

update in protocol, and these were kept as reported for analyses.

At each visit, urinary concentrations of DEHP metabolites were converted to nmol/L and 

summed (hereafter referred to as ΣDEHP) (Wolff et al. 2008). To examine the distributions 

of metabolites in the sample, all metabolites as well as ΣDEHP were corrected for specific 

gravity using the following formula: Pc = P[((1.014 -1 ) / Sg − 1)] where Pc represents the 

specific gravity-corrected phthalate metabolite concentrations, P represents the measured 

phthalate metabolite concentrations, 1.014 is the mean of specific gravity among all TIDES 

samples analyzed, and Sg is the specific gravity measured in the sample (Boeniger et al. 

1993). To create an estimate of phthalate exposure across pregnancy, we calculated subject-

specific geometric averages of the specific gravity-corrected metabolites available across 

pregnancy (hereafter referred to as pregnancy averages). For statistical analyses, all 

metabolites from individual visits as well as pregnancy averages were natural log-

transformed. Phthalate metabolites with <50% detection were not included in primary 

analyses.

Preterm birth

Gestational age at delivery was assigned based on first available ultrasound (n=386), or, if 

that was not available, self-reported last menstrual period (n=397). Preterm birth was defined 

as delivery prior to 37 weeks completed gestation. We additionally examined the association 

with spontaneous preterm birth, as our previous work demonstrated associations that were 

greatest in magnitude among individuals with this delivery presentation (Ferguson et al. 

2014b). Preterm births were considered spontaneous if delivery was immediately preceded 

by spontaneous labor or premature rupture of membranes (PROM). Information on PROM 
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and spontaneous labor was abstracted from medical records by trained medical abstractors at 

each of the four TIDES sites (Rosen et al. 2019).

Psychosocial stress

On the third trimester questionnaire, women responded to whether or not they had 

experienced any one of a list of stressful life events (SLE) during each trimester. The 

questions were adapted from validated questionnaires (Dohrenwend et al. 1978; Holmes and 

Rahe 1967). The list comprised job loss, serious illness, family death, relationship 

difficulties with spouse/partner, and legal or financial problems. Women were dichotomized 

into those reporting any SLE in pregnancy versus those who reported no SLE in pregnancy, 

as previously published in the TIDES study population by Barrett et al. (2016).

Statistical analysis

All analyses were conducted in SAS 9.4 (SAS Institute, Cary, NC). We examined 

demographics among study participants and assessed distributions of urinary phthalate 

metabolites by visit. Adjusted logistic models were fit for both overall preterm birth and 

spontaneous preterm birth at each visit individually and for pregnancy averages. Covariates 

were selected based on a DAG generated from a review of relevant literature (Supplemental 

Figure 1). Our final model included the following variables as potential confounders: 

maternal age (continuous, years), pre-pregnancy body mass index (BMI) (continuous, kg/

m2), education (3 level, nominal) and maternal race (white, black, other). Income was 

carefully considered as a confounder as well but was excluded since it had a minimal impact 

on effect estimates. The same set of covariates were included in models examining phthalate 

metabolites from individual visits and for pregnancy averages, with two exceptions. For 

models of phthalate metabolites from individual visits, we modeled uncorrected phthalate 

metabolite concentrations and adjusted for urinary specific gravity (Barr et al. 2004) as well 

as gestational age at sample collection, to account for variability that may be attributed to 

changes in phthalate exposure, excretion, or metabolism over the course of pregnancy 

(Ferguson et al. 2014a). However, for models of pregnancy averages, we accounted for 

specific gravity by adjusting metabolite concentrations prior to averaging, as above, and did 

not account for gestational age at sample collection because adjustment for averages of these 

variables would not translate mathematically. To test the robustness of our primary results, 

we additionally examined models 1) including study center as a covariate, and 2) without 

any covariates. All results are presented as odds ratios (OR) in association with a natural 

log-unit increase in urinary phthalate metabolite measure.

Missing covariate values were imputed using Markov Chain Monte Carlo multiple 

imputation in SAS version 9.4 using proc MI. Ten imputations were performed and the 

following variables were included in the imputation model: race, maternal ethnicity, 

maternal age, pre-pregnancy BMI, education, income, study center, infant sex, and preterm 

status. Distributions of imputed covariates were compared to those of observed covariates to 

ensure reasonable values. All models were run with imputed covariates and were analyzed 

using proc MIANALYZE to account for the additional variability introduced by imputation.
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We examined potential effect modification of the relationship between maternal phthalate 

concentrations and preterm birth by psychosocial stress, as indicated by SLE (any SLE vs. 

no SLE) in pregnancy. First, we estimated OR for preterm birth in association with 

experiencing any SLE (i.e., >0 SLE) in pregnancy. Second, we stratified the sample by any 

vs. no SLE in pregnancy and examined differences in the associations between urinary 

phthalate metabolites and preterm birth, adjusting these stratified models for the same 

covariates included in primary models described above. To test for interaction, we calculated 

p-values for the interaction terms between urinary phthalate metabolite and the dichotomous 

psychosocial stress variable.

Results

Our sample included 783 women with at least one urinary phthalate measure and 

information on gestational age at birth (Figure 1). Participants were primarily in their 30s, of 

normal BMI (18.5-25 kg/m2), white, non-smokers, married, had income levels over 65k per 

year, and had achieved at least some college education (Table 1). Approximately 91% of the 

mothers in our sample (n=712) delivered at term while 9% (n=71) delivered before 37 

completed weeks of gestation. 70.4% of preterm deliveries were spontaneous. Median 

(range) gestational age in weeks at each study visit was as follows: T1=11.1 (9.43-12.43); 

T2=19.7 (18.9-21.9); T3=32.1 (30.4-34.6).

Most metabolites of phthalate and phthalate alternatives were above the LOD (Table 2). 

MHINCH was the only measured metabolite with <50% above LOD and thus was not 

examined in preterm birth models. Urinary metabolite levels generally increased across 

pregnancy for MEP, MBP, MBzP, MiBP, and MCNP and decreased across pregnancy for 

MCPP, MCOP, and MHINCH. Levels of ΣDEHP metabolites were similar in magnitude 

across study visits.

In adjusted models, we observed associations between T3 urinary phthalate metabolite 

concentrations and preterm birth, but no associations with concentrations measured at T1 or 

T2 (Table 3). An ln-unit increase in ΣDEHP levels at T3 were associated with a 44% 

increased odds of overall preterm birth (OR: 1.44 [95% CI: 1.06, 1.95]). T3 levels of MBP, 

MiBP, and MCNP were all associated with non-significant increases in odds of overall 

preterm birth as well (MBP: 1.17 [95% CI: 0.88, 1.55]; MiBP: 1.17 [95% CI: 0.88, 1.55]; 

MCNP: 1.13 [95% CI: 0.88, 1.45]). There were no statistically significant associations 

between phthalate metabolite pregnancy averages and overall preterm birth, though averages 

across pregnancy for MBP and ΣDEHP showed suggestive associations (MBP: 1.26 [95% 

CI: 0.90, 1.76]; ΣDEHP: 1.33 [95% CI: 0.91, 1.94]). Results from models that included 

study center as well as crude models were similar (Supplemental Tables 1 and 2, 

respectively). Results were also similar in models where covariates were not imputed 

(Supplemental Table 3).

Associations between phthalate concentrations and spontaneous preterm birth were similar 

in magnitude compared to overall preterm birth but were less precise, likely due fewer cases 

(n=71 overall preterm births vs. 50 spontaneous preterm births for models of pregnancy 

averages). T1 levels of MBP were associated with a 45% increased odds of spontaneous 
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preterm birth (OR: 1.45 [95% CI: 1.01, 2.10]) and MCOP was also associated with elevated 

odds (OR: 1.48 [95% CI: 1.09, 2.01]). There were no associations between T2 phthalate 

levels and spontaneous preterm birth. T3 levels of ΣDEHP, MIBP, and MCNP were 

associated with increased odds of spontaneous preterm birth: (ΣDEHP: 1.47 [95% CI: 1.04, 

2.08]; MiBP: 1.22 [95% CI: 0.89, 1.68]; MCNP: 1.24 [95% CI: 0.94, 1.63]). Though there 

were no metabolites that reached statistical significance using pregnancy averages, MBP, 

MCNP, and MCOP were associated with elevated odds of spontaneous preterm birth (MBP: 

1.47 [95% CI: 0.99, 2.17]; MCOP: 1.21 (95% CI: 0.91, 1.67); MCNP: 1.20 [95% CI: 0.87, 

1.65]).

Because we observed the strongest associations between T3 phthalate and preterm birth, we 

examined effect modification by SLE in pregnancy in T3 models. Among women with T3 

phthalate metabolite measurements, a total of 710 women provided information about SLE 

experienced at any time point during pregnancy: 281 women reported at least one SLE in 

pregnancy (n=24 preterm) and 429 reported no SLE in pregnancy (n=34 preterm; Figure 1). 

There were no differences in urinary phthalate metabolite concentrations at T3 between 

individuals in the two groups (Supplemental Table 4). SLE in pregnancy were also not 

associated with preterm birth in crude or adjusted models (Supplemental Table 5). In 

general, OR for the associations between phthalate metabolites and PTB were higher among 

women who experienced SLE in pregnancy compared to those who did not (Figure 2; 

Supplemental Table 6). Tests for interaction indicated significant differences for MCNP 

(p=0.01) and, marginally, for ΣDEHP (p=0.07). For ΣDEHP, women who experienced SLE 

had an elevated OR of preterm (2.09, 95% CI: 1.29, 3.37) whereas the association was null 

among women who did not experience SLE (OR: 1.04, 95% CI: 0.66, 1.63). The 

associations for MCNP were similar, where OR were elevated among women who 

experienced SLE (1.72, 95% CI: 1.16, 2.56) but null among women who did not (0.76, 95% 

CI: 0.51, 1.15).

Discussion

A growing body of evidence supports an association between maternal urinary phthalate 

metabolites in pregnancy and preterm birth (Ferguson et al. 2014a; Ferguson et al. 2014b; 

Latini et al. 2003; Meeker et al. 2009; Weinberger et al. 2014; Whyatt et al. 2009). 

Consistent with this literature, in the TIDES population we observed higher odds of preterm 

birth in association with ΣDEHP concentrations measured in the third trimester of 

pregnancy. MBP levels averaged over pregnancy were also associated with increased odds of 

preterm birth, with an effect estimate very similar to what we previously observed in the 

LIFECODES birth cohort, a study population from Boston (OR=1.26 in TIDES; OR=1.27 in 

LIFECODES ]). Further, in TIDES, we find stronger associations between ΣDEHP and 

MCNP and preterm birth among women reporting stressful life events.

Findings from studies of phthalates and preterm birth or gestational age at delivery are not 

completely consistent (Adibi et al. 2009; Casas et al. 2015; Huang et al. 2018; Polanska et 

al. 2016; Shoaff et al. 2016; Suzuki et al. 2010; Watkins et al. 2016; Wolff et al. 2008). 

However, some study design and exposure characteristics are similar in those studies that 

have reported an association. Most notably, very few studies have a sufficient number of 
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preterm births to have the power to examine these associations. TIDES is one of the largest 

studies to address this question. Sample sizes for other studies range from 68-404, with 

between 2-32 cases of preterm birth where reported (Adibi et al. 2009; Casas et al. 2015; 

Huang et al. 2018; Meeker et al. 2009; Polanska et al. 2016; Shoaff et al. 2016; Suzuki et al. 

2010; Watkins et al. 2016; Weinberger et al. 2014; Whyatt et al. 2009; Wolff et al. 2008).

In the LIFECODES birth cohort, utilizing a case-control design with the largest number of 

preterm births (n=130), the findings were similar to those from the current study in several 

ways. First, the specific phthalate metabolites associated with preterm birth are consistent 

between the two studies. In TIDES, the phthalate metabolites with the highest OR for overall 

preterm birth were ΣDEHP and MBP, which was mirrored in LIFECODES (Ferguson et al. 

2014b). Second, focusing on windows of vulnerability to exposure, we show here in TIDES 

that associations between ΣDEHP and preterm birth were greater in magnitude with 

metabolites analyzed in the third trimester (OR=1.44) compared to the first trimester 

(OR=1.06). This was also similar in LIFECODES, although the trend was clearer among 

spontaneous preterm births (Ferguson et al. 2014a). Late pregnancy exposures to phthalates 

may be the most relevant for spontaneous preterm birth due to upregulation of inflammatory 

events that play a role in the initiation of parturition (Ferguson et al. 2014a).

In the present study, as well as in LIFECODES, we examined the association between 

urinary phthalate metabolites and preterm birth when we restricted to preterm births that had 

a spontaneous presentation at delivery. Spontaneous preterm birth is more likely to arise 

through inflammation and oxidative stress in pregnancy (McElrath et al. 2008), which are 

the mechanisms that we hypothesize mediate the relationship between exposure and preterm 

birth (Ferguson et al. 2016). Examining spontaneous preterm birth thus allows us to examine 

cases arising through a similar mechanism, rather than focusing on cutoffs based on 

gestational age at delivery which, though differentially associated with adverse health events 

in childhood, are not necessarily homogenous based on the underlying etiology. We did not 

observe the same increase in OR for the phthalate-preterm association when we reduced our 

preterm cases to spontaneous preterm births only, as we observed in LIFECODES. In fact, 

we observed that effect estimates at T1 were stronger among spontaneous preterm births, 

which is contrary to our expectations and our previous work. However, this may be 

attributed to the relatively small number of spontaneous preterm births available for the 

present analysis.

Few studies have examined environmental chemicals and psychosocial stress simultaneously 

(Lewis et al. 2011), and none has examined interactions of these in the etiology of preterm 

birth. However, studies of other outcomes support our findings of a joint impact of these 

exposures. Previously in the TIDES population we observed that the association between 

urinary phthalate metabolites and anogenital distance in male infants was modified by 

maternal SLE (Barrett et al. 2016). There is also evidence that prenatal stress modifies the 

association between other environmental chemical exposures in pregnancy, including heavy 

metals and air pollutants, and childhood neurodevelopmental as well as respiratory outcomes 

(Cowell et al. 2015; Cowell and Wright 2017; y Ortiz et al. 2017).
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We utilized the sum of the number of stressful life events occurring across the course of 

pregnancy as an indicator of exposure to psychosocial stressors during gestation. While 

providing a measure of cumulative exposure, this approach omits information on timing of 

exposure to stress. We chose to create a summary measure across pregnancy, instead of 

examining stressful life events by trimester, because: 1) it is likely that a single stressful 

event (e.g., family death) in one trimester would also cause stress in other trimesters (e.g., 

family member sickness prior to death or grief subsequent to death); 2) to achieve a larger 

sample size; and 3) for consistency with our previous work (Barrett et al. 2014). However, 

additional information on timing of stress exposures in pregnancy could reduce exposure 

misclassification. Additionally, stressful life events capture only one dimension of stress. 

Psychosocial stress is a complex and dynamic state that is the consequence of not just 

stressful life events, but a person’s perception of stress, their ability to buffer stress with 

social support, and the cumulative stress that person experiences across her lifecourse (Bush 

et al. 2017). This research question should be examined with specific attention to timing of 

stress exposure and a richer parameterization of stress future work.

We hypothesized that oxidative stress, which we showed as a partial mediator of the 

phthalate-preterm association in previous work from the LIFECODES study (Ferguson et al. 

2016), would be a shared mechanism of action for both phthalate and stress exposures, and 

would explain the observed interaction. However, in this study population and in a 

prospective cohort of pregnant women in Puerto Rico, we did not observe any associations 

between SLE or other stress parameterizations in pregnancy and oxidative stress biomarkers 

(Eick et al. 2018; Eick et al. [epub ahead of print]). Other possibilities could include 

epigenetic mechanisms or endocrine disruption. Exposure to phthalates as well as stress in 

pregnancy have been associated with epigenetic changes in the placenta which could have an 

impact on timing of delivery (Burris et al. 2016; Cao-Lei et al. 2016; LaRocca et al. 2014; 

Zhao et al. 2015). Regulation of endocrine function is also key to the maintenance of 

pregnancy (Wadhwa et al. 2001; Wadhwa et al. 2004). Stress is commonly understood to 

increase levels of cortisol and consequently corticotropin-releasing hormone, which 

precipitates parturition (Lockwood 1999). There also evidence that phthalate exposure could 

cause increases in these hormones (Kim et al. 2018; Wang et al. 2016). In a previous 

chemical-by-non-chemical exposure study, Wright et al. observed that mercury was 

associated with changes in cortisol levels in a pregnant population, but only when women 

were simultaneously exposed to psychosocial stress (Schreier et al. 2015). Of course, the 

mechanisms do not necessarily need to overlap for an interaction to be real. Multiple hits 

(e.g., hormonal and inflammatory) could lead to the observed joint impact. The biological 

consequences of phthalate and stress interactions in pregnancy should be explored in future 

human studies.

Our study had several limitations. First, despite a large sample size, the number of preterm 

births was small, especially for examining interaction with SLE. Second, our assessment of 

psychosocial stress was limited, as mentioned above, by lack of information on timing of 

stress during pregnancy or information on how the participant perceived the stressful life 

events encountered. Third, we did not have full measurement of urinary phthalate 

metabolites in samples collected at T2 (i.e., 2nd trimester). Thus, lack of association during 

this window should be interpreted with caution. Fourth, we used multiple laboratories to 
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measure urinary phthalate metabolites, which may have introduced measurement error. 

Fifth, we had multiple comparisons, which may have resulted in some chance findings. 

Lastly, because our population was primarily white and well-educated, our findings may not 

be generalizable to populations that experience higher levels or different types of 

psychological stressors.

The strengths of our study included our assessment of phthalate exposure at multiple time 

points during pregnancy, our ability to examine SLE across pregnancy, and our large, 

prospective study design.

Conclusion

Improving understanding of the environmental contribution to preterm birth has the potential 

for substantial public health impact. This study supports existing evidence of an association 

between maternal exposure to phthalates in pregnancy and preterm birth. It also highlights 

the importance of co-exposures, such as psychosocial stressors occurring during gestation, in 

modifying this association. Women with greater exposure to stress in pregnancy may be 

more vulnerable to adverse effects of phthalates than others. Additional research to 

understand the joint impacts of chemical as well as non-chemical exposures is necessary in 

order to advance the state of the science on how the environment influences health in 

pregnancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
TIDES participants included in the analysis of a) phthalate exposure in pregnancy and 

preterm and spontaneous preterm birth; and b) the joint effect of phthalate and stressful life 

event exposures in pregnancy and preterm birth.
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Figure 2. 
Adjusteda odds ratios (95% confidence interval) for overall preterm birth with an ln-unit 

increase in T3 urinary phthalate metabolites in models stratified by maternal experience of 

stressful life events during pregnancy (none vs. any).
aModels adjusted for race (white, black, other), maternal age (continuous), pre-pregnancy 

BMI (continuous), education (nominal), specific gravity, and gestational age at sample 

collection. No stressful life events: n=34 preterm, 395 term. Any stressful life events: n=24 

preterm, 257 term. Note: Results include imputed data.
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Table 1.

Characteristics of the study population (n=783): N (%).

Overall Preterm Term

Maternal age (nmiss=99) <25 years 94 (13.7) 10 (17.5) 84 (13.4)

25-29 years 148 (21.6) 14 (24.6) 134 (21.4)

30-34 years 241 (35.2) 17 (29.8) 224 (35.7)

≥35 years 201 (29.4) 16 (28.1) 185 (29.5)

Pre-pregnancy BMI (nmiss=11) <18.5 kg/m2 16 (2.07) 0 (0) 16 (2.28)

18.5 – 24.99 kg/m2 435 (56.3) 31 (44.9) 404 (57.5)

25 – 29.99 kg/m2 169 (21.9) 18 (26.1) 151 (21.5)

≥30 kg/m2 152 (19.7) 20 (29.0) 132 (18.8)

Race (nmiss=2) White 534 (68.4) 49 (69.0) 485 (68.3)

Black 102 (13.1) 12 (16.9) 90 (12.7)

Other 145 (18.6) 10 (14.1) 135 (19.0)

Hispanic/Latino (nmiss=11) Yes 68 (8.81) 6 (8.70) 62 (8.82)

No 704 (91.2) 63 (91.3) 641 (91.2)

Smoking at 3rd trimester (nmiss=69) None 678 (95.0) 62 (96.9) 616 (94.8)

Any 36 (5.04) 2 (3.13) 34 (5.23)

Alcohol at 3rd trimester (nmiss=72) None 650 (91.4) 60 (93.8) 590 (91.2)

Any 61 (8.58) 4 (6.25) 57 (8.81)

Marital status (nmiss=4) Married/living as married 647 (83.1) 56 (80.0) 591 (83.4)

Single 132 (16.9) 14 (20.0) 118 (16.6)

Education (nmiss=9) High school or less 109 (14.1) 13 (18.6) 96 (13.6)

Any college/tech school 336 (43.4) 37 (52.9) 299 (42.5)

Any graduate work 329 (42.5) 20 (28.6) 309 (43.9)

Income (nmiss=29) <25k 182 (24.1) 24 (34.8) 158 (23.1)

25-65k 155 (20.6) 11 (15.9) 144 (21.0)

>65k 417 (55.3) 34 (49.3) 383 (55.9)

Infant sex Male 384 (49.0) 35 (49.3) 349 (49.0)

Female 399 (51.0) 36 (50.7) 363 (51.0)

Study center UCSF 187 (23.9) 14 (19.7) 173 (24.3)

UMN 210 (26.8) 21 (29.6) 189 (26.5)

URMC 223 (28.5) 25 (35.2) 198 (27.8)

UW 163 (20.8) 11 (15.5) 152 (21.4)

Abbreviations: BMI, body mass index; UCSF, University of California San Francisco; UMN, University of Minnesota; URMC, University of 
Rochester Medical College; UW, University of Washington.
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