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Abstract
OBJECTIVE—Our objective was to assess the relationship between di(2-ethylhexyl)phthalate
(DEHP) exposure during pregnancy and gestational age at delivery among 311 African American
or Dominican women from New York City.

METHODS—Forty-eight-hour personal air and/or spot urine samples were collected during the
third trimester. DEHP levels were measured in air samples and 4 DEHP metabolite levels were
measured in urine. Specific gravity was used to adjust for urinary dilution. Gestational age was
abstracted from newborn medical records (n = 289) or calculated from the expected date of
delivery (n = 42). Multivariate linear regression models controlled for potential confounders.

RESULTS—DEHP was detected in 100% of personal air samples (geometric mean: 0.20 μg/m3

[95% confidence interval [CI]: 0.18–0.21 μg/m3]); natural logarithms of air concentrations were
inversely but not significantly associated with gestational age. Two or more of the DEHP
metabolites were detected in 100% of urine samples (geometric mean: 4.8–38.9 ng/mL [95% CI:
4.1–44.3 ng/mL]). Controlling for potential confounders, gestational age was shorter by 1.1 days
(95% CI: 0.2–1.8 days) for each 1-logarithmic unit increase in specific gravity-adjusted mono(2-
ethylhexyl)phthalate concentrations (P = .01) and averaged 5.0 days (95% CI: 2.1–8.0 days) less
among subjects with the highest versus lowest quartile concentrations (P = .001). Results were
similar and statistically significant for the other DEHP metabolites.

Copyright © 2009 by the American Academy of Pediatrics
Address correspondence to Robin M. Whyatt, DrPH, Columbia Center for Children's Environmental Health, Mailman School of
Public Health, Columbia University, 60 Haven Ave, B-1, New York, NY 10032. rmw5@columbia.edu.
Dr Bhat's current affiliation is Division of Pharmacology and Toxicology, School of Pharmacology, University of Missouri, Kansas
City, Missouri.
FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.
The findings expressed in this article are the opinions of the authors and do not necessarily reflect the official opinions of the Centers
for Disease Control and Prevention.

NIH Public Access
Author Manuscript
Pediatrics. Author manuscript; available in PMC 2011 July 15.

Published in final edited form as:
Pediatrics. 2009 December ; 124(6): e1213–e1220. doi:10.1542/peds.2009-0325.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



CONCLUSIONS—Prenatal DEHP exposure was associated with shorter gestation but, given
inconsistencies with previous findings for other study populations, results should be interpreted
with caution, and additional research is warranted.

Keywords
di(2-ethylhexyl)phthalate; gestational age; pregnancy; inner city

Di(2-ethylhexyl)phthalate (DEHP) is a plasticizer that is used to impart flexibility to
polyvinyl chloride and is used widely in consumer products.1–4 Because DEHP is not bound
in the polymer, leaching is common and has resulted in ubiquitous societal exposures.3,5

Once it is absorbed into the human body, DEHP is hydrolyzed rapidly to its monoester
metabolite, mono(2-ethylhexyl)phthalate (MEHP), by enzymes present in the lung, blood,
and gut.6 MEHP can cross the placenta and enter fetal circulation.7–11 The monoester can be
further metabolized to more-hydrophilic oxidative metabolites, including mono(2-ethyl-5-
hydroxy hexyl)phthalate (MEHHP), mono(2-ethyl-5-oxohexyl)phthalate(MEOHP),andmono
(2-ethyl-5-carboxypentyl)phthalate (MECPP).12 Urinary excretion is the major route of
elimination, with most metabolites being excreted within 24 hours.13 Previous
epidemiological studies generally measured metabolites in urine as internal dosimeters
indicating exposure, because urinary enzymatic activity is negligible and most of the
monoesters present arise from elimination of endogenous DEHP. Our previous research on
phthalate metabolite levels in repeat urine samples collected biweekly from 23 women in the
last 6 to 8 weeks of pregnancy showed reasonable reproducibility for most metabolites.11

The sum of MEHP and the 3 oxidative metabolites measured in urine in the current study is
estimated to account for ~65% to 70% of the external DEHP dose.14

Preliminary epidemiological results suggested that prenatal DEHP exposure may modulate
the timing of labor. However, findings have been inconsistent, with both positive and
negative associations between prenatal DEHP exposure and gestational age being
observed.9,15,16 In addition, inconsistent mechanisms for the relationship between prenatal
DEHP exposure and parturition have been hypothesized. MEHP is an agonist for
peroxisome proliferator-activated receptor γ (PPAR-γ) in placenta and other tissues.17–21

Because PPAR-γ ligands inhibit secretion of cytokines and suppress inflamma-tory
responses in gestational tissues, it has been hypothesized that exposure to PPAR-γ ligands
during pregnancy may reduce the risk of preterm labor.16,22 However, DEHP exposure in
vitro has been shown to cause an inflammatory response in other tissues, and MEHP and
other PPAR agonists have been shown to induce cyclooxygenase 2 expression.23–25 This has
led to an alternative hypothesis that prenatal DEHP exposure may induce an intrauterine
inflammatory response through cyclooxygenase 2 expression and/or related prostaglandin
release, resulting in shortened gestation.26,27

The current study was undertaken to assess the relationship between DEHP exposure during
pregnancy and gestational age at delivery among a cohort of inner-city pregnant women
from New York City. Our previous research demonstrated widespread prenatal exposure to
phthalates, including DEHP, in this cohort.11 Levels of several phthalates were higher than
those seen among women of reproductive age sampled through the National Health and
Nutrition Examination Survey.11

METHODS
Study Group

The study included 331 African American or Dominican women selected from the
longitudinal birth cohort being studied by the Columbia Center for Children's Environmental
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Health (CCCEH). Enrollment criteria for the CCCEH cohort were described elsewhere.28,29

The study was restricted to women 18 to 35 years of age who self-identified as either
African American or Dominican and who had resided in northern Manhattan or the South
Bronx for ≥1 year before pregnancy. Women were excluded at enrollment if they reported
that they smoked cigarettes or used other tobacco products during pregnancy, used illicit
drugs, had diabetes mellitus, hypertension, or known HIV infection, or had their first
prenatal visit after the 20th week of gestation. Signing of an institutional review board-
approved consent form was performed at enrollment. Selection criteria for inclusion in the
current study were based on the availability in the parent study of maternal personal air
sample extracts (311 of 331 women) and/or urine samples (298 of 331 women), for DEHP
and metabolite measurements, respectively. The 331 women did not differ from the
remaining women in the CCCEH cohort in terms of marital status, income, proportion
receiving Medicaid, education, or gestational age of the newborn at delivery. However, a
greater proportion of women were Dominican or other Hispanic (72% vs 59%; P < .001, χ2

test) and the women were somewhat older (average age: 25.5 vs 24.7 years; P = .03, group t
test).

Questionnaire and Medical Record Data
A 45-minute questionnaire, administered to each woman in her home by a trained bilingual
interviewer during the third trimester of pregnancy, collected information on demographic
features, home characteristics, history of active and passive smoking, maternal marital
status, education, income level, and alcohol and drug use during pregnancy. Information
also was abstracted from the mothers' and infants' medical records. Gestational age (rounded
to weeks) was calculated on the basis of the expected date of delivery; the expected date of
delivery was based on the date of the last menstrual period in 24% of cases and on
sonographic findings (with or without last menstrual period data) in 76%. Gestational age
also was extracted from the newborn medical record. Both estimates were available for 262
births; the estimates were correlated (Pearson's correlation coefficient r = 0.79; P < .001)
and were within 1 week of each other in 95% of cases. We used clinical estimates of
gestational age when they were available (n = 289), because they took into account ultra-
sound data and newborn examination findings in cases in which there were inconsistencies
between last menstrual period dating and clinical presentation. We used the estimate based
on the expected date of delivery when the gestational age from the birth medical record was
not available (n = 42).

Collection and Analysis of Personal Air Samples
Women in the cohort were asked to wear a small backpack holding a personal ambient air
monitor during the daytime hours for 2 consecutive days during the third trimester and to
place the monitor near the bed at night.28,29 The personal air-sampling pumps operated
continuously at 4 L/minute during this period, collecting particles of ≤2.5μm in diameter on
a precleaned, quartz, microfiber filter and semivolatile vapors and aerosols on a back-up,
polyurethane foam cartridge. The monitoring took place between January 2000 and July
2006, with the majority (83%) after 2001. Extracts were kept at −20°C and were analyzed at
the Southwest Research Institute when the women were identified for the study. Analysis of
the extracts took place between October 2000 and November 2007. The Southwest Research
Institute is currently conducting a study of the storage stability of DEHP and other
phthalates, and no loss has occurred through 573 days of extract storage. A number of steps
were incorporated into the study in 2002 to reduce the risk of contamination of the air
extract during processing and analysis. Air levels were significantly higher among subjects
monitored before 2002 but did not differ according to year in 2002–2006. Therefore, we
conducted statistical analyses for the full cohort and for women from whom the personal air
samples were collected in 2002–2006. Results were similar, and results for the full cohort
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are presented here. Laboratory matrix blanks were extracted and analyzed with each batch of
samples, to assess laboratory-introduced phthalate contamination. The amount of DEHP in
the laboratory blank averaged 245 ± 279 ng per extract (n=47), which was considerably
lower than the average extract amount in the personal air samples (2890 ± 5420 ng per
extract).

Collection and Analysis of Urine Samples
A urine sample was collected from the participating women at the end of the personal air
monitoring. The samples were collected during 1999 –2006, with the majority (83%)
collected after 2001. The urinary DEHP metabolite concentrations were measured at the
Centers for Disease Control and Prevention (CDC).30,31 Each analytical run included
calibration standards, reagent blanks, and quality control materials of high and low
concentrations, for monitoring of accuracy and precision. The urine samples were analyzed
between 2004 and 2007. Specific gravity was measured at the CDC by using a handheld
refractometer (Atago PAL 10-S-P14643C0 urine specific gravity refractometer [Atago,
Bellevue, WA]). Urinary phthalate metabolite concentrations were corrected for dilution
through specific gravity adjustment, by using a modification of the formula described by
Hauser et al.32 There was no significant difference in metabolite concentrations according to
the year of sample collection (1999 –2006).

Statistical Analyses
Descriptive analyses preceded formal hypothesis testing. Concentrations of DEHP in
personal air and metabolites in urine were skewed rightward and were transformed by using
natural logarithms. For concentrations below the limit of detection (LOD), we assigned a
value equal to one half the LOD. Gestational age values were normally distributed and were
not transformed. We conducted both univariate and multivariate linear regression analyses
to measure the contribution of prenatal DEHP exposure (the independent variable) to
gestational age (the dependent variable). Because results were nearly identical, only the
latter are presented. Covariates were selected from variables known to be or suspected of
being associated with gestational age and/or phthalate levels. All covariates that were
associated (P < .15) with phthalate levels (in air or urine) or gestational age were entered
into the multivariate models. Because levels of the 4 urinary metabolites were highly
correlated (r ≥ 0.8), urinary MEHP levels and personal air DEHP levels were the
independent variables used in the model building. Variables with P values of >.50 were
subsequently removed if removal did not alter the model fit or change parameter estimates
(defined as ≥10% change in the R2 or slope of the independent variable). As a final check,
all addition variables identified initially as potential confounders were entered individually
into the final models and were retained if they improved the model fit or altered parameter
estimates; none did. The final multivariate models controlled for maternal race/ethnicity,
age, prepregnancy weight and height, planned cesarean section, premature rupture of
membranes, and maternal prenatal asthma, hypertension, and diabetes mellitus. In addition,
although the study excluded current smokers at enrollment, 11 women subsequently
reported active smoking during pregnancy, either on questionnaires or in the medical record;
active smoking was associated with gestational age and was controlled for. Environmental
tobacco smoke was not controlled for, because it was not associated with gestational age or
phthalate levels and did not improve model fit. None of the phthalate urinary metabolites
was associated with maternal prepregnancy weight, BMI, or weight gain during pregnancy.
However, prepregnancy weight and height were included in the final models because height
was associated with gestational age and prepregnancy weight was weakly correlated with
personal air DEHP concentrations. Inclusion of BMI or weight gain during pregnancy did
not improve the model fit or alter parameter estimates. Analyses also were conducted by
removing subjects with a planned cesarean section (n = 46); results were not appreciably
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changed from those presented here. When models indicated a significant association
between gestational age and concentrations of one of the phthalates, measured as a
logarithmically transformed continuous variable, then the phthalate concentrations were
categorized into quartiles, and dummy variables were used in the regression model to
compare gestational ages for subjects in the second, third, and fourth quartiles versus the
first quartile. Differences in gestational ages between quartiles of phthalate exposure levels
also were assessed through analysis of covariance. In addition, phthalate urinary metabolite
levels were converted to nanomoles per liter and summed as an estimate of total internal
dose. All analyses were conducted by using SPSS 16 (SPSS Inc, Chicago, IL). Results were
considered statistically significant at P < .05 (2-tailed).

RESULTS
Demographic characteristics are presented in Table 1. Gestational ages averaged 39.3 ± 1.3
weeks; 10 infants (3%) were born before 37 weeks (range: 34 –36 weeks) and 4 (1%) were
born after 41 weeks. Table 2 shows exposure distributions and Table 3 presents correlations
among the exposure variables. DEHP concentrations in the personal air samples were
weakly correlated with the urinary metabolite concentrations; correlations among the urinary
metabolite concentrations were highly significant (Table 3). There was no significant
difference in the concentrations of DEHP in air or metabolites in urine between African
American and Dominican subjects.

Table 4 shows the results of the multivariate linear regression analyses of the association
between the DEHP exposure variables and gestational age (in weeks), controlling for
potential confounders. For the urinary metabolites, results after adjustment for urinary
dilution are presented but were similar to those before adjustment for dilution. DEHP levels
in personal air samples were inversely related to gestational age, but the association was not
significant. A significant inverse association between gestational age and DEHP urinary
metabolite concentrations was observed. Gestational age was shorter by 1.1 days (95%
confidence interval [CI]: 0.2–1.8 days) for each 1-logarithmic unit increase in MEHP
concentrations (P = .01), with adjustment for dilution and controlling for potential
confounders. Results were similar and significant for the other metabolites and for the sum
of all metabolites (Table 4). Results also were similar and significant after removal of the 10
subjects with delivery at <37 weeks of gestation (data not shown). With stratification of the
analyses according to ethnicity, gestational age was shorter by 1.8 days (n=72; P = .046)
among African American subjects and by 0.9 days (n=177; P=.047) among Dominican
subjects for each 1-logarithmic unit increase in MEHP metabolite concentrations.

Figure 1 shows the differences in gestational ages in days for subjects with DEHP urinary
metabolite concentrations in the second, third, or fourth versus first quartile. In all cases,
gestational ages were significantly lower among subjects with concentrations in the fourth
quartile, compared with the first quartile. For MEHP, the difference averaged 5.0 days (95%
CI: 2.1– 8.0 days; P=.001). Gestational age among subjects with concentrations in the fourth
quartile also was less in comparison with subjects with concentrations in the second and
third quartiles, and the difference was statistically significant for most metabolites (data not
shown). There was no significant difference in gestational age for any of the urinary
metabolites among subjects with concentrations in the first, second, or third quartile (data
not shown).

DISCUSSION
The present study found a significant inverse association between DEHP metabolite levels
in maternal, third-trimester, spot urine samples and gestational age at delivery. An inverse
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association also was seen between gestational age and DEHP concentrations in maternal
personal air samples, but the association was not statistically significant. This was not
unexpected; although inhalation is one route of exposure, diet is presumed to be the major
route.33,34 Therefore, the biomarker is likely to provide a better indication of cumulative
exposure. Only 1 previous study showed an inverse association between prenatal DEHP
exposure and gestational age; gestational age was significantly lower among infants with
MEHP levels in cord blood above versus below the LOD.9 Two additional studies measured
DEHP metabolites in maternal, second- or third-trimester, spot urine samples in the same
CDC laboratory as that used in the current study. However, findings were inconsistent with
those presented here. In one study, involving 404 subjects from multiple racial/ethnic groups
residing in New York City, gestational age increased by 1.1 days (95% CI: 0.1–2.0 days) for
each 1-logarithmic unit increase in MEHP levels but was not associated with oxidative
metabolite levels.15 In the other study, involving 284 subjects from 4 study sites (California,
Iowa, Minnesota, and Missouri) enrolled as part of the Study for Future Families, a 1-
logarithmic unit increase in urinary metabolite (MEHP, MEOHP, and MEHHP)
concentrations was associated with an increase in gestational age of 1.1 to 1.3 days (95% CI:
0.7–2.5 days).16 However, when analyses were stratified according to geographic site,
gestational age increased with higher metabolite concentrations in 3 sites but decreased in
Minnesota.

Reasons for the discrepancies in these research findings might include differences in study
design, exposure levels, race/ethnicity, underlying characteristics of the populations, or
uncontrolled confounding. Differences in exposure levels might be particularly relevant,
because dose-response curves for endocrine disruptors, including DEHP, frequently are
nonlinear and can reverse at higher doses, with U-shaped or inverted U-shaped curves being
seen.35–37 Exposures seem to have been considerably higher in the study by Latini et al,9
relative to the other cohorts (eg, the study by Wolff et al15). Differences in exposures might
explain some of the discrepancies in results across the 4 sites in the study by Adibi et al.16

Exposure differences also might explain discrepancies between the study by Adibi et al16

and our findings, because our metabolite concentrations were considerably higher. The
geometric means for MEOHP and MEHHP differed by almost twofold, and the 95%
concentration level differed by more than twofold. This may be particularly relevant because
we saw associations principally among subjects with exposure levels in the highest quartile.
However, metabolite concentrations in our study were similar to those seen in the study by
Wolff et al15; both studies were conducted in New York City, although there were racial/
ethnic differences in the cohorts. It should be noted that the association between urinary
MEHP concentrations and gestational age seen in our cohort was somewhat stronger among
African American subjects than among Dominican subjects although exposure levels were
similar, which suggests that effects may differ according to race/ethnicity.

Measurement errors in BMI and weight gain during pregnancy might result in residual
confounding, which might be contributing to the discrepancies in the research findings.
Recent research indicated that DEHP exposure might be associated with adiposity,17,38 and
gestational weight gain can affect the risk of preterm birth.39 Although we assessed
prepregnancy weight, height, BMI, and weight gain during pregnancy, our anthropometric
measures, as well as those used in the study by Wolff et al,15 were based on maternal self-
reports and might be subject to incorrect recall. Data on maternal BMI, height, and weight
gain during pregnancy were not collected in the study by Adibi et al.16

Within-subject variability in urinary metabolite concentrations also might contribute to
exposure misclassification, although this likely would be non-differential with respect to
gestational age and would bias results toward the null hypothesis. In our study, urinary
metabolite concentrations were adjusted with respect to specific gravity; in the studies by
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Adibi et al16 and Wolff et al,15 creatinine levels were used to control for dilution. Research
findings from the CCCEH cohort suggest that variability in phthalate metabolite
concentrations in repeat urine samples collected over the final 6 weeks of pregnancy are
reduced when urinary concentrations are adjusted with respect to specific gravity versus
creatinine levels.11 Finally, differences in race/ethnicity, education, and maternal age across
the 3 studies might be proxies for other unmeasured effect modifiers, such as nutrition,
coexposures, or other lifestyle factors.16 We are currently evaluating the relationship
between prenatal phthalate exposures and expression of genes, including cyclooxygenase 2,
PPAR-γ, and related genes, in placental tissue from the current cohort, which may provide
insights into mechanisms through which prenatal DEHP exposure could alter the timing of
labor.

CONCLUSIONS
Given discrepancies between our findings and previous research, additional research is
warranted, especially because the magnitude of the effects seen here might be associated
with adverse health effects in newborns. This would be particularly true if prenatal DEHP
exposure shifted the gestational age distribution, resulting in a greater proportion of infants
delivered prematurely, because premature delivery is a cause of morbidity and death.40

Because we did not collect our DEHP exposure measures until the third trimester, our cohort
was predominately term by design. Therefore, we were unable to assess the associations
between prenatal DEHP exposure and prematurity. However, evidence suggests that poor
health and developmental outcomes in infancy and early childhood may not be limited to
infants born premature. Among infants born at 37 to 38 weeks (early term), there is now
evidence of more-subtle neurodevelopmental problems, including increased risk of learning
disabilities and compromised school performance, compared with children born at 39 to 40
completed gestational weeks.41 Furthermore, among term births (>37 weeks), slightly
shortened gestation has been associated with compromised health in later life, including
susceptibility to depressive symptoms42 and death resulting from cerebrovascular disease.43

It should be noted that the proportion of births with slightly shortened gestation (37–39
weeks) has increased by 19.4% among black, white, and Hispanic groups in the past
decade.44 In light of these research findings, the associations between prenatal DEHP
exposure and shortened gestation seen here warrant follow-up study.
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ABBREVIATIONS

DEHP di(2-ethylhexyl)phthalate

MEHP mono-(2-ethylhexyl)phthalate

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

MEHHP mono-(2-ethyl-5-hydroxyhexyl)phthalate
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MECPP mono-(2-ethyl-5-carboxypentyl)phthalate

CI confidence interval

CDC Centers for Disease Control and Prevention

CCCEH Columbia Center for Children's Environmental Health

PPAR-γ peroxisome proliferator-activated receptor γ

LOD limit of detection
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WHAT'S KNOWN ON THIS SUBJECT

Preliminary epidemiological results suggest that prenatal DEHP exposure may modulate
the timing of labor. However, findings have been inconsistent, with both positive and
negative associations between prenatal DEHP exposure and gestational age being seen.

WHAT THIS STUDY ADDS

Prenatal DEHP exposure was associated with shorter gestation. Gestational age
decreased 1.1 days for each 1-logarithmic unit increase in maternal urine MEHP and
averaged 5.0 days less among subjects with the highest concentrations. Results were
similar for other DEHP metabolites.
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FIGURE 1.
Differences in gestational ages in days between subjects with concentrations in the second,
third, and fourth quartiles, compared with the first quartile (as reference), for MEHP (a),
MEHHP (b), MEOHP (c), MECPP (d), and the sum of metabolites (e).
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TABLE 1

Demographic Features, Gestational Age (N = 331)

Maternal age, mean ± SD, y 25.5 ± 4.8

Ethnicity, %

 Black 28

 Dominican or other Hispanic 72

Maternal education, %

 Less than high school degree 39

 High school diploma or general equivalency diploma 35

 More than high school 25

Marital status, %

 Never married 63

 Marrieda 30

 Separated, widowed, or divorced 7

Income, %

 Less than $10 000 45

 $10 000–$30 000 42

 More than $30 000 13

Reported active smoking during pregnancy, % 3

Reported smoker in home, % 26

Maternal height, mean ± SD, cm 159.7 ± 10.4

Maternal prepregnancy weight, mean ± SD, kg 67.1 ± 17.4

Gestational age, mean ± SD, wk 39.3 ± 1.3

Female newborn, % 52

Missing data were as follows: maternal age, n = 1; marital status, n = 1; income, n = 30; active smoking, n = 1; passive smoking, n = 2; maternal
height, n = 12; maternal weight, n= 10; newborn gender, n = 1.

a
Includes living with the same partner for >7 years.
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TABLE 4

Multivariate Linear Regression Analyses of Changes in Gestational Age in Weeks for Each 1-Logarithmic
Unit Increase in DEHP Levels in Personal Air Samples (N = 259) and DEHP Metabolite Levels in Urine
Samples, With Adjustment for Specific Gravity (N = 249)

B (95% CI) P

Model 1: personal air DEHP levels −0.15 (−0.39 to 0.09) .23

Model 2: urinary MEHP levels −0.15 (−0.26 to −0.03) .01

Model 3: urinary MEHHP levels −0.18 (−0.31 to −0.05) .009

Model 4: urinary MEOHP levels −0.17 (−0.30 to −0.03) .02

Model 5: urinary MECPP levels −0.16 (−0.31 to −0.01) .04

Model 6: sum of urinary metabolite levels −0.18 (−0.32 to −0.03) .02

Natural logarithms of personal air DEHP concentrations or urinary metabolite concentrations were entered as the independent variable in parallel,
multivariate, linear regression models (models 1–6); the dependent variable was gestational age (in weeks). All models controlled for maternal
ethnicity (African American versus Dominican or other Hispanic), maternal age, maternal prepregnancy weight and height, active smoking during
pregnancy, prenatal asthma, diabetes, and hypertension (yes or no), planned cesarean section (yes or no), and premature rupture of membranes (yes
or no).
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