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PRETERM BIRTH
•

Defined as delivery before 37 weeks gestation

•

Affects roughly 10 percent of pregnancies

•

Most important risk factor for neonatal mortality

•

Associated with neonatal morbidities and high healthcare costs

•

Public health priority
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PHTHALATE EXPOSURE
Environmental exposure
sources

Absorption and
metabolism

Associated health
outcomes

Personal care products
Vinyl plastics
Food and beverage

Ingestion
Dermal absorption
Inhalation

Hormone disruption
Infant development
Birth outcomes
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LIFECODES BIRTH COHORT

urine

urine

urine

urine

plasma

plasma

plasma

plasma

questionnaire

•

Conducted at Brigham and
Women’s Hospital

•

PI: Dr. Thomas McElrath

•

Ongoing recruitment since
2006 (N~4000)

•

Key features:
- Early recruitment
- Repeated sampling
- Validation of pregnancy
outcomes
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PRETERM BIRTH IN LIFECODES
SPONTANEOUS

PLACENTAL

CASE-CONTROL STUDY OF
PRETERM BIRTH

Presentation

Presentation

− preterm premature
rupture of membranes

− intrauterine growth
restriction

− spontaneous preterm
labor

− preeclampsia

Placental histology

Placental histology

- Spontaneous (n=56)

− inflammation

− poor placentation

- Placental (n=35)

•

2006-2008

•

130 cases (<37 weeks gestation)

•

352 controls

•

Phenotyping preterm based on
presentation:

- Neither (n=39)

McElrath et al. 2008, American Journal of Epidemiology
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PHTHALATE EXPOSURE
¤ Phthalates metabolites
measured in urine from
each of four study visits
¤ Total (free+glucuronidated)
levels measured via mass
spectrometry
¤ Specific gravity used to
adjust for urine dilution

High molecular weight phthalates
∑DEHP
MCPP

Low molecular weight phthalates
MBP
MEP
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PHTHALATE EXPOSURE AND PRETERM BIRTH
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• Greatest differences
later in gestation
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spontaneous PTB in
light gray
• Controls in dark gray
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windows of
vulnerability

WHAT ABOUT MECHANISM?
8-ISOPROSTANE

• Established by the Biomarkers of
Oxidative Stress Study (NIEHS)
as best biomarker of oxidative
stress
• Sensitive, specific, and consistent
• Easy to measure in stored urine
samples

MiBP (20.3%; 95% CI: 10.2, 31.3%),
and MEP (19.2%; 95% CI: 10.3, 28.8%)
and also between 8-isoprostane and MBP
(30.9%; 95% CI: 15.8, 48.0%) were smaller
than corresponding associations estimated
using weighted models. Effect estimates
from models of controls alone were similar
8-ISOPROSTANE
to those from weighted models. Effect estimates from weighted models will be closer
to control rather than case estimates from
Supplemental Material, Table S3, because
there are many more controls than cases in
the weighted population. Also, the effect
estimates from the weighted models do not
necessarily fall between case and control eﬀect
estimates because of diﬀerences in IQR ranges
for cases compared with controls as well as
diﬀerences in covariate
distributions and
• Established
by the Biomarkers
of association with
exposure/outcome
within case
Oxidative
Stress
Study (NIEHS)
control groups.
asand
best
biomarker of oxidative
We also examined the eﬀect of removing
stress
alcohol and tobacco users from the population; model estimates were similar to those
• Sensitive,
specific, and consistent
for the overall population (data not shown).
GAMM
models were
created urine
to examine
• Easy
to measure
in stored
deviation of the oxidative stress–phthalate
samples
metabolite relationships from linearity.
Models included the same covariates as in
LMM. Based on visual inspection of smooth
plots, relationships were linear for most

Alcohol use during pregnancy (reference)
No alcohol use during pregnancy
Parity
Nulliparous (reference)
Parous

WHAT ABOUT MECHANISM?
Research

138 (1.06)
130 (1.14)

201 (1.29)
178 (1.63)

12.3 (2.27)
10.5 (2.16)

15.0 (1.19)
18.1 (1.49)

129 (1.13)
131 (1.14)

166 (1.57)
192 (1.62)*

11.4is(2.23)
17.0 (1.39)
available at http://dx.doi.org/10.128
10.1 (2.14)
18.6 (1.53)

A Section 508–conformant HTML versio

Abbreviations: 8-Iso, 8-isoprostane; 8-OHdG, 8-hydroxydeoxyguanosine; HMO, health maintenance organization;

Urinary
Phthalatestate
Metabolites
and Biomarkers
of Oxidative
Stresswere
MassHealth, Massachusetts
health insurance provider;
SSI, supplemental security
income. All biomarkers
corrected
for urinaryWomen:
specific gravity.
urinary phthalate
metabolites, nAnalysis
= 1,693 samples, 482 subjects; for urinary
in
Pregnant
A For
Repeated
Measures

oxidative stress biomarkers, n = 1,678 samples, 482 subjects.
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2 Yin-Hsiu Chen,3 Bhramar Mukherjee,3 and John D. Meeker 1
Kelly
K. Ferguson,
*p < 0.05
for significantThomas
differenceF.inMcElrath,
biomarker concentration
from reference category, estimated from weighted linear
1mixed
model
with
random
intercepts
for
subject
identification.
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Table 4. Percent difference (95% CIs) in oxidative stress biomarker in association with IQR increase in
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8-ISOPROSTANE
TABLE 2

Preterm birth in association with interquartile range increase in geometric average (visits 1-3) urinary oxidative
stress biomarkers
Model 1a

Model 2b

Control cases, n

Odds ratio (95%
confidence interval)

P value

Control cases, n

Odds ratio (95%
confidence interval)

P value

8-OHdG

129,349

0.19 (0.11e0.34)

< .001

126,331

0.19 (0.10e0.34)

< .001

8-Isoprostane

129,349

2.17 (1.48e3.20)

< .001

126,331

2.22 (1.47e3.36)

< .001

8-OHdG

56,349

0.21 (0.10e0.42)

< .001

56,331

0.18 (0.09e0.40)

< .001

8-Isoprostane

56,349

4.25 (2.21e8.15)

< .001

56,331

6.25 (2.86e13.7)

< .001

8-OHdG

35,349

0.17 (0.07e0.41)

< .001

33,331

0.11 (0.04e0.32)

< .001

8-Isoprostane

35,349

1.45 (0.79e2.66)

.24

33,331

0.94 (0.52e1.70)

.84

Variable
Overall preterm birth

Spontaneous preterm
birth

• Established by the Biomarkers of
Oxidative Stress Study (NIEHS)
as best biomarker of oxidative
stress
• Sensitive, specific, and consistent

Placental preterm birth

8-OHdG, 8-hydroxydeoxyguanosine.
a

Adjusted for urinary specific gravity only; b Adjusted for urinary specific gravity, maternal age, race/ethnicity, education level, health insurance provider, and prepregnancy body mass index.

Ferguson. Oxidative stress and preterm birth. Am J Obstet Gynecol 2015.

• Easy to measure in stored urine
samples

been measured at visit 2 (median,
18 weeks of gestation).

C OMMENT
There are plausible mechanisms for a
role of oxidative stress in the pathway to

experienced preeclampsia or had smallfor-gestational-age infants.19 Neither
group observed an association with PTB,
although the number of cases in each
study was small (n ¼ 48 and 37 women,
respectively). Other studies have exam-

that have not been explored previously.
Urinary concentrations decreased
slightly across pregnancy but generally
showed good etintraindividual
reproFerguson
al. 2014, AJOG
ducibility, which suggests that future
studies that will examine this marker
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MEDIATION BY OXIDATIVE STRESS
8-ISOPROSTANE

MEDIATION FRAMEWORK
exposure
phthalate metabolite

• Established by the Biomarkers of
Oxidative Stress Study (NIEHS)
as best biomarker of oxidative
stress
• Sensitive, specific, and consistent
• Easy to measure in stored urine
samples

mediator
8-isoprostane

outcome
preterm birth

Indirect or mediated effect
Direct effect

Significant mediation by
8-isoprostane

Higher proportion mediated
for spontaneous preterm birth

Ferguson et al. 2016, EHP
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What about maternal
exposure to mixtures?

What do the oxidative
stress markers mean?

Can we disaggregate
other birth outcomes in
environmental
epidemiology?
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