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BACKGROUND: Phthalate exposures are ubiquitous during pregnancy and may contribute to racial and ethnic disparities in preterm birth.

OBJECTIVES: We investigated race and ethnicity in the relationship between biomarkers of phthalate exposure and preterm birth by examining: a)
how hypothetical reductions in racial and ethnic disparities in phthalate metabolites might reduce the probability of preterm birth; and b) exposure—
response models stratified by race and ethnicity.

METHODS: We pooled individual-level data on 6,045 pregnancies from 16 U.S. cohorts. We investigated covariate-adjusted differences in nine urinary
phthalate metabolite concentrations by race and ethnicity [non-Hispanic White (White, 43%), non-Hispanic Black (Black, 13%), Hispanic/Latina
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(38%), and Asian/Pacific Islander (3%)]. Using g-computation, we estimated changes in the probability of preterm birth under hypothetical interven-
tions to eliminate disparities in levels of urinary phthalate metabolites by proportionally lowering average concentrations in Black and Hispanic/
Latina participants to be approximately equal to the averages in White participants. We also used race and ethnicity-stratified logistic regression to
characterize associations between phthalate metabolites and preterm birth.

RESULTS: In comparison with concentrations among White participants, adjusted mean phthalate metabolite concentrations were consistently higher
among Black and Hispanic/Latina participants by 23%—148% and 4%-94%, respectively. Asian/Pacific Islander participants had metabolite levels that
were similar to those of White participants. Hypothetical interventions to reduce disparities in metabolite mixtures were associated with lower proba-
bilities of preterm birth for Black [13% relative reduction; 95% confidence interval (CI): —34%, 8.6%] and Hispanic/Latina (9% relative reduction;
95% CI: —19%, 0.8%) participants. Odds ratios for preterm birth in association with phthalate metabolites demonstrated heterogeneity by race and
ethnicity for two individual metabolites (mono-n-butyl and monoisobutyl phthalate), with positive associations that were larger in magnitude observed
among Black or Hispanic/Latina participants.

CoNcLUSIONS: Phthalate metabolite concentrations differed substantially by race and ethnicity. Our results show hypothetical interventions to reduce
population-level racial and ethnic disparities in biomarkers of phthalate exposure could potentially reduce the probability of preterm birth. https://doi.

org/10.1289/EHP12831

Introduction

Preterm birth is a major cause of neonatal mortality and morbidity
that may perpetuate impacts on intergenerational health.! In the
United States, preterm birth rates increased over the past several
decades, reaching a peak of 10.5% during the period 2021-2022.%3
Furthermore, racial and ethnic disparities in preterm birth are preva-
lent. In 2021, the highest proportions of preterm births occurred
among non-Hispanic Black (14.7%), non-Hispanic Native Hawaiian
or other Pacific Islander (12.6%), non-Hispanic American Indian or
Alaskan Native (12.3%), and Hispanic or Latino populations (10.2%),
with a lower proportion among the non-Hispanic White (9.5%) and
Asian (9.2%) populations.? Racial and ethnic disparities in preterm
birth are attributable to a number of complex and interrelated factors.
Structural racism is widely considered to be the primary upstream
cause of racial and ethnic disparities in preterm birth and can take
many forms,* such as systemic barriers to economic opportunity,>-
residential segregation,®” or increased exposure to psychosocial
stressors.®® For example, housing policies at the national and local
levels can create residential segregation by race and ethnicity, which
can have profound impacts on the place-based resources necessary to
promote healthy living among residents (e.g., accessible food stores,
employment opportunities, social services, and parks and recrea-
tional facilities). Collectively, these forces can shape racial and eth-
nic inequities in health, including preterm birth.

One understudied pathway by which social and structural
determinants can increase preterm birth risk is by increasing dis-
parities in environmental exposures, including synthetic chemicals
used in consumer and personal care products.®!'° There are racial and
ethnic disparities in chemical exposures from beauty products,'! as
well as from certain processed foods that are likely to have higher
contaminant levels.'? Prenatal exposure to synthetic chemicals,
including phthalates, is increasingly considered an important risk
factor for preterm birth and its racial and ethnic disparities.''#
Phthalates are used extensively in commercial goods, such as per-
sonal care products, food packaging materials, and medications. '3
Because of their widespread use, urinary phthalate metabolites
are ubiquitous in the U.S. population and may be especially con-
cerning among pregnant individuals.!®!8 Phthalate exposure is
hypothesized to be associated with a range of pregnancy complica-
tions, including preterm birth,'® by mechanisms such as dysregula-
tion of biological processes involving inflammation, oxidative
stress, endocrine activity, placental development and function, and
epigenetic and transcriptomic regulations, among other interrelated
and complex processes.' 922

Nationally representative data has shown racial and ethnic dif-
ferences in urinary phthalate metabolite concentrations among
nonpregnant populations, with non-Hispanic Black women exhib-
iting the highest exposure levels.!”*-2> Differences in phthalate
exposures may arise from racial and ethnic differences in personal
care product use and composition,! 142326 a5 well as differences
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in dietary exposures.'%12:27-28 These proximate drivers of exposure
have been shown to be influenced by systems of power and oppres-
sion such as structural racism.!! For example, racial residential
segregation impacts food landscapes and dietary behavior such as
fast food consumption,?® which has been associated with greater
phthalate exposure.'??’ These associations often exist independent
of socioeconomic status. For example, predominately Black resi-
dential areas in New York City have higher densities of fast food
restaurants than predominately White areas, and high-income
Black neighborhoods have exposures similar to those of low-
income Black neighborhoods.?®

Given the relevance of phthalate exposures to racial health eq-
uity, prior cohort studies in the United States have sought to char-
acterize racial and ethnic differences in phthalate exposure during
pregnancy but were limited by relatively small sample sizes
across racial and ethnic groups.'+16-29-3! Additional characteriza-
tion of exposure disparities in the context of pregnancy is crucial
because patterns of consumer product use may change during
pregnancy in ways that differ by racial or ethnic background*?33
and because gestation may be a susceptible period for exposure.

In a pooled analysis of 16 prospective pregnancy cohorts in the
United States, we found that hypothetically reducing levels of a
urinary phthalate metabolite mixture was associated with fewer
preterm births.!8 In extending that work and using the same pooled
data, our goal for the present study was to examine the role of racial
and ethnic disparities in the relationship between phthalate expo-
sure and preterm birth. First, we sought to characterize racial and
ethnic disparities in urinary phthalate metabolite concentrations
and examine how hypothetical interventions to remove these expo-
sure disparities could reduce preterm births. Second, we investi-
gated whether associations between urinary phthalate metabolite
concentrations and preterm birth varied across racial and ethnic
groups in a stratified analysis. This research was addressed with
the understanding that co-occurring social and environmental fac-
tors, and not underlying genetic differences,* influence the likeli-
hood of phthalate exposures across racial and ethnic groups and
lead to differential susceptibility to exposure effects.

Methods

Study Design and Population

The Pooled Study of Phthalate Exposure and Preterm Birth com-
prises data from 16 studies of phthalate exposure in pregnancy con-
ducted in the United States, with data published through May
2019.'8 The primary eligibility criteria for study inclusion in the
pooled analysis were that the study used an observational study
design, was conducted in the United States or a U.S. territory (e.g.,
Puerto Rico), included >50 participants, enrolled participants dur-
ing or prior to index pregnancy, gathered information about gesta-
tional age at delivery, and measured phthalate metabolites in urine
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specimens collected during pregnancy.'® All participants had live
births between 1983 and 2018.'® Ethics approval was granted from
the respective institutional review board (IRB) or human research
ethics committee of participating institutions. Written or verbal
informed consent was provided by participants. Analysis of the
data from all of the included cohorts at the National Institute of
Environmental Health Sciences (NIEHS) was deemed exempt by
the NIEHS IRB.

The design characteristics of participating studies have been
previously described in detail.'® Study acronyms and citations are
provided in Table S1. Gestational age at delivery was determined
by date of last menstrual period, early pregnancy ultrasonography,
date of conception in pregnancies using assisted reproductive tech-
nologies, or a combination thereof.!® We used delivery prior to
37 wk’ gestation to identify preterm births. Our final analytic sample
included 6,045 participants.'® We defined race and ethnicity using
self-reported responses in each participating study (Table S1).
Categories were harmonized across studies to maximize sample
size. These included: non-Hispanic White (Caucasian, White), non-
Hispanic Black (African American, Black), Hispanic/Latina
(Hispanic, Latino, Latin American Indigenous heritage), Asian/
Pacific Islander (Asian, Pacific Islander, Native Hawaiian, South
Asian), and other races (Native American, Alaskan Native, >1
racial identity, or “Other”). Hereafter, we will use the terms Black
and White to describe results for non-Hispanic Black and non-
Hispanic White participants. In addition, we use the term Hispanic/
Latina because this was the terminology used in questionnaires
administered to most participants across studies (Table S1), which
is a recommended practice for publishing research findings.>*
However, we recognize that these terms, rather than others like
Latinx, may not fully capture the gender identity of all participants.

Phthalate Exposure Assessment

Phthalate metabolite concentrations were measured in participant
urine samples collected during pregnancy. Methods of urine col-
lection and metabolite analysis were previously described in
detail.® In brief, individual studies primarily collected spot urine
samples at one to several times across pregnancy, though certain
studies conducted more intensive pooled urine sampling [Markers
of Autism Risk in Babies-Learning Early Signs (MARBLES), The
North Carolina Early Pregnancy Study (EPS)].'® Phthalate metab-
olite measurements were performed separately by each cohort
using the same or similar methodology. Online solid-phase extrac-
tion and high-performance liquid chromatography was used to
extract phthalate metabolites following enzymatic hydrolysis of
phthalate metabolite conjugates. Isotope dilution with tandem
mass spectrometry was used to detect metabolites. For the pur-
poses of this study, we included the following nine metabolites
based on those measured in the most studies (>14 studies) and
detected in sufficient numbers of participants (>50% of participants):
monoethyl phthalate (MEP), mono-n-butyl phthalate (MBP), monoi-
sobutyl phthalate (MiBP), monobenzyl phthalate (MBzP), mono
(2-ethylhexyl) phthalate (MEHP), mono(2-ethyl-5-hydroxyhexyl)
phthalate (MEHHP), mono(2-ethyl-5-carboxypentyl) phthalate
(MECPP), mono(2-ethyl-5-oxohexyl) phthalate (MEOHP), and
mono(3-carboxypropyl) phthalate (MCPP).'® The limit of detec-
tion (LOD) for phthalate metabolites was previously described
and is shown in Table S2.!® Phthalate metabolites included in this
analysis were detectable in at least 96% of urine samples, except
for MEHP and MCPP (83% and 90% detection, respectively).!®

Statistical Analysis

As previously described,'® we used multiple imputation by chained
equations to impute: a) phthalate metabolite concentrations below
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the LOD without instrument-read values; and b) missing covari-
ates. We generated 10 imputed datasets using 20 chained iterations
per dataset and pooled results using Rubin’s rules.*> Imputation
was done in R (version 4.2.1; R Development Core Team) using
the mice package (version 3.11.0),3° using tobit regression of log-
transformed exposure for phthalate measurements below the LOD
(ggcomp package; version 2.7.0).37% As previously described,'®
we performed covariate-adjusted standardization to correct metab-
olite concentrations for urine dilution, which was done to: a)
account for factors that potentially influenced measures of hydra-
tion and urinary phthalate metabolites*’; and b) combine specific
gravity- or creatinine-corrected values.*® We accounted for rele-
vant predictors of urinary dilution during standardization, includ-
ing maternal race and ethnicity, education, age, prepregnancy body
mass index (BMI), gestational age at urine sampling, year of deliv-
ery, and study center.*!~** Model-fitted values for each participant
were estimated separately for urinary creatinine and specific gravity,
and the ratio measure of fitted to observed urine dilution measures
were then multiplied by the observed phthalate metabolite concentra-
tion to produce dilution-corrected values.'® After dilution standardi-
zation, we calculated the geometric mean (GM) of repeated within-
participant phthalate metabolite concentrations, and concentrations
were divided by the interquartile range (IQR) to standardize concen-
trations across studies and facilitate interpretability.'® We used GM
instead of single spot urine samples so that each participant would
have only one exposure measurement and because averaging across
repeated spot urine samples has been shown to provide a more stable
estimate of exposure across the course of pregnancy.*>*¢ Spearman
correlations between phthalate metabolite concentrations were exam-
ined within racial and ethnic groups.

Disparities in urinary phthalate metabolite concentrations.
We used adjusted GMs to examine racial and ethnic disparities in uri-
nary phthalate metabolite concentrations. The GM of an individual
urinary metabolite for each race and ethnicity group was estimated by
multiple linear regression, in which we regressed the log-transformed
phthalate metabolite on a set of covariates. Along with race and eth-
nicity, we adjusted models for risk factors selected a priori as poten-
tial risk factors of phthalate exposure, including study (categorical:
16 indicators), highest level of education (categorical: <high school,
high school, some college, college graduate, graduate school),
maternal age, prepregnancy body mass index (BMI, continuous:
kilograms/square meter), and delivery year (categorical: 1983—
2000, 2001-2010, 2011-2020) (Figure S1). Delivery year was
included because the pooled studies varied according to calendar
years of data collection, as well as race and ethnicity, so adjusting
for this factor was done to ensure differences in GMs were not
because of variation across time periods. GMs were calculated
by Equation 1, where y; is the log-transformed metabolite con-
centration, f, is the log-GM in the referent category (White,
referent level of each covariate), B, ; is the coefficient for race
and ethnicity category j in the referent level of each covariate,
B, are coefficients for a priori selected covariates, and € is the
error term:

yi=PBo+ ZjBl’jRacej + Zh By ncovariatey, + ¢. (D)

The GM for White participants at the referent level of other
covariates (less than high school education, delivery year in the
period 1983-2000, Puerto Rico Testsite for Exploring Contamination
Threats (PROTECT) cohort, and average maternal age and prepreg-
nancy BMI) was estimated by exponentiating f3,, whereas the GM
for race and ethnicity category j was estimated by exponentiating the
sum of B+, ;. For categorical variables, the PROTECT cohort was
selected as the referent group because it had the largest sample size
and other referent levels were chosen based on order presented in
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descriptive results. The percentage difference in GMs for race and
ethnicity category j in comparison with the referent category (White)
in strata of covariates was calculated by: (exp (B, ;) — 1) x 100%.
White participants were selected a priori as the referent group for ex-
posure contrasts, because we expected exposure levels in this group
to be lowest based on prior literature.*” We performed a sensitivity
analysis to examine whether racial and ethnic differences in expo-
sures were potentially explained by social determinants of health. We
evaluated percentage differences in GMs across racial and ethnic cat-
egories that were additionally stratified by education level as an indi-
cator of social determinants of health, with the hypothesis that similar
patterns in phthalate metabolite disparities would be observed across
education levels.

Hypothetical interventions to reduce phthalate exposure. To
evaluate the extent to which racial and ethnic disparities in pre-
term birth could be explained by disparities in phthalate expo-
sures, we used g-computation to evaluate the probability of
preterm birth following hypothetical interventions to change the
overall mixture of nine phthalate metabolites within race and eth-
nicity groups to have similar GMs with the referent (White)
group. The only groups selected for comparison were Black and
Hispanic/Latina participants because the number of preterm birth
cases were enough to compare pre- and postintervention proba-
bilities of preterm birth. Correspondingly, because of limited sub-
sample sizes for preterm births, we were unable to conduct
hypothetical intervention analyses within Asian/Pacific Islander
(n=23 preterm) and participants of other races (n =8 preterm).

In our approach, g-computation works by first fitting a logistic
regression model of preterm birth, given our exposures (phthalate
metabolite concentrations) and confounders of interest, and then
using that model to predict the probability of preterm birth under
exposure levels corresponding to a hypothetical intervention.*34°
We operationalized exposure disparities as the percent difference
in the GMs of the phthalate metabolite concentrations by race and
ethnicity, as calculated above. Thus, the hypothetical interventions
reduced phthalate metabolite levels for Black and Hispanic/Latina
participants so that final covariate-adjusted GMs for individuals in
those groups were approximately equal to those observed among
White participants. For each participant, the hypothetical interven-
tion was to reduce concentrations of each phthalate metabolite
based on the participant’s race and ethnicity. For each phthalate
metabolite, the posthypothetical intervention value of phthalate
metabolite concentration (X)) for participants from race and eth-
nicity group j was calculated by Equation 2, where X, is the
observed phthalate metabolite concentration, GM; was the adjusted
GM for group j, and GM,,; was the adjusted GM in the referent
group (White):

GM, ¢
Xpost =Xpre X GMLTf . 2)
J

Within a given racial and ethnic group, this resulted in a shift in
the overall distribution of urinary phthalate metabolite levels so
that the final adjusted GM, although not the percentiles of the dis-
tribution, were approximately equal to that observed among White
participants (Figure 1). The proportional reduction in the GM for
each phthalate metabolite by racial and ethnic group j are displayed
in Table S3. We did not reduce exposures below the race-specific
minima to reduce model extrapolation. Finally, we obtained pre-
dicted probability of preterm birth for the two exposure scenarios
(Xpos: and X, for all phthalate metabolites simultaneously) using
race-stratified logistic regression models (described below) and
compared the average predictions across the two scenarios using
g-computation. The 95% CIs were estimated using nonparamet-
ric bootstrapping (2.5th and 97.5th percentiles across 2,000
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iterations).’® A sample R code for g-computation analyses is
given in the Supplemental Material.

Heterogeneity in associations between phthalate metabolites
and preterm birth by race and ethnicity. Second, we evaluated
effect measure modification by race and ethnicity for the associa-
tions between phthalate metabolites and preterm birth. We fit strati-
fied multivariable logistic regression models to estimate odds ratios
(ORs) and 95% ClIs, which we adjusted for covariates that were
measured across all pooled studies. We selected covariates a priori
from the literature and based on a directed acyclic graph (Figure
S1), including maternal age at enrollment, education, prepregnancy
BMI, delivery year, and study.'#3%3131 As with the hypothetical
intervention analyses, we only examined associations among Black,
Hispanic/Latina, and White participants because there were too few
preterm births among Asian/Pacific Islander and other racial groups.
We conducted statistical tests of effect measure modification using
the augmented product term approach, because the covariates could
have racial and ethnic-dependent associations with preterm birth.>?
We compared nested models with and without an interaction term
between each phthalate metabolite and race and ethnicity groups
using Wald tests. Both models included covariate by race and eth-
nicity product terms (i.e., augmented product terms) for all covari-
ates except study due to instances of collinearity with race and
ethnicity (e.g., PROTECT). Wald test p-values <0.10 were consid-
ered statistically significant.’> All statistical analyses were per-
formed in R (version 4.2.1), and sample code for g-computation
analyses is provided in the Supplemental Material.

Results

Participant Demographics

Participants were 43% White, 13% Black, 38% Hispanic/Latina, and
3% Asian/Pacific Islander. Racial and ethnic composition differed
between cohorts (Table 1; Figure 2), which was expected because
certain cohorts were designed to recruit from specific racial and eth-
nic groups [e.g., PROTECT, Center for the Health Assessment of
Mothers and Children of Salinas (CHAMACOS), Columbia Center
for Children’s Environmental Health (CCCEH)]. The proportion of
participants who delivered preterm also differed by race and ethnicity
(Table 1). Black and Asian/Pacific Islander participants had the high-
est proportions of preterm births (11.5% and 11.3%, respectively),
with lower proportions observed among White and Hispanic/Latina
participants (9.1% and 7.7%, respectively). Racial and ethnic dispar-
ities were also observed for most sociodemographic characteristics.
Nearly 70% of White and 82% of Asian/Pacific Islander participants
had completed college or graduate school, in comparison with 15%
of Black and 13% of Hispanic/Latina participants. White and Asian/
Pacific Islander participants were also more likely to have a prepreg-
nancy BMI <25 kg/m? and be >30 y of age than participants from
other racial and ethnic groups.

Disparities in Urinary Phthalate Metabolite Concentrations

Racial and ethnic differences in pregnancy-averaged urinary
phthalate metabolite concentrations were apparent when examin-
ing distributions of percentiles (Figure 3; Table S4) as well as
proportional differences in crude and adjusted GMs (Figure 4;
Table S3). Adjusted GMs were generally lower than crude GMs.
Black participants had the highest urinary concentrations for all
metabolites (23%—148% higher adjusted GM concentrations in
comparison with White participants). For example, the adjusted
GM of MEP among Black participants was 148% higher (95%
CL: 119%, 182%) than that observed for White participants.
Similarly, Hispanic/Latina participants had higher concentrations
for all urinary phthalate metabolites, with adjusted GMs ranging
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Intervention group

Reference group

Exposure biomarker (phthalate metabolite) concentration

|I| After hypothetical intervention w Before hypothetical intervention

Figure 1. Visual representation of the hypothetical interventions applied to equitably reduce urinary phthalate metabolite concentrations. The figure displays
simulated distributions on the natural log scale for a single phthalate metabolite among an intervention and reference group. The hypothetical intervention
applies a proportional reduction to exposure among all members of the intervention group to make the adjusted geometric mean of the exposure biomarker
(phthalate metabolite) concentration approximately equal to that of the reference group. Consequently, the hypothetical intervention shifts but does not change
the shape of the distribution of the exposure in the intervention group, as shown by the “before” and “after” intervention distributions. Interventions were

applied to all metabolites simultaneously in g-computation models.

from 5% to 94% higher in comparison with White participants.
Although Asian/Pacific Islander participants had significantly
higher concentrations of several metabolites (MBP, MiBP,
MEHP) in comparison with White participants, concentrations of
other phthalate metabolites were only slightly higher (MEHHP,
MECPP, MEOHP) or lower (MEP, MBzP, MCPP) in compari-
son with those observed in White participants, with confidence
intervals including the null (reference level). Our sensitivity
analysis did not show evidence that racial and ethnic disparities
in urinary phthalate metabolite concentrations were driven by
differences in education (Figure S2; Table S5), our best available
proxy measure of socioeconomic status, because proportional
differences in adjusted GMs were similar across participant edu-
cation levels. We were unable to examine residual confounding
by other metrics of socioeconomic status (e.g., income) because
of limited data availability. Correlation patterns of metabolite
concentrations were similar by race and ethnicity (Figure S3).

Hypothetical Interventions to Reduce the Mixture of
Phthalate Metabolites

Overall, hypothetical interventions predicted fewer preterm births
for both Black and Hispanic/Latina participants, but confidence
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intervals indicated that results were also statistically consistent
with a wide range of change in preterm births (Figure 5; Table S6).
Reducing the mixture of phthalate metabolite concentrations
among Black participants to what was observed among White par-
ticipants was predicted to prevent 15 preterm births per 1,000 live
births (change in preterm births = — 15, 95% CIL: —41, 10). This
represented a 13% proportional difference (95% CI: —34%, 9%) in
preterm deliveries among Black participants. After the interven-
tion, the number of predicted preterm births per 1,000 live births
among Black participants was 103 (95% CI: 71, 139). The hypo-
thetical intervention among Hispanic/Latina participants was also
predicted to result in fewer preterm births. Reducing the phthalate
metabolite mixture was predicted to prevent seven preterm births
per 1,000 live births (95% CI: —14, 1) among Hispanic/Latina par-
ticipants, a 9% reduction (95% CI: —19%, 1%).

Heterogeneity in associations between phthalate metabolites
and preterm birth by race and ethnicity. Overall, we did not
observe consistent evidence of effect modification by race and eth-
nicity for odds ratios of preterm birth in association with phthal-
ate metabolites (Figure 6; Table S7). However, of the nine
differences tested, two were statistically significant before and
after covariate adjustment (Wald test p-values <0.10 for MBP
and MiBP). For MBP, effect estimates in stratified models were
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Table 1. Distribution of participant characteristics in the pooled phthalate and preterm birth study, overall and by race and ethnicity.

Asian/Pacific

Overall” White? Black” Hispanic/Latina” Islander” Other race”
Characteristics 6,045 (100%) 2,579 (43%) 802 (13%) 2,309 (38%) 204 (3%) 126 2%)
Gestational age at delivery (wk) 39.1 (1.9) 39.2(1.8) 38.8 (2.0) 39.0 (1.8) 38.9 (2.0) 39.2 (2.0)
Preterm delivery [n (%)]
Term 5,486 (91.1) 2,345 (90.9) 710 (88.5) 2,132 (92.3) 181 (88.7) 118 (93.7)
Preterm 534 (8.9) 234 (9.1) 92 (11.5) 177 (7.7) 23 (11.3) 8(6.3)
Maternal age (y) 29.1 (6.1) 32.0 (4.9) 25.7 (6.0) 26.7 (5.6) 33.4 (4.8) 29.3 (6.4)
Missing (n) 13 8 1 4 0 0
Maternal education [n (%)]
Less than high school 1,044 (18.5) 45 (1.9) 195 (26.0) 793 (35.0) 1(0.5) 10 (8.3)
High school 706 (12.5) 114 (4.9) 213 (28.4) 352 (15.6) 7(3.7) 20 (16.5)
Some college 1,409 (25.0) 328 (14.1) 221 (29.5) 816 (36.1) 15(7.9) 29 (24.0)
College graduate 1,262 (22.4) 861 (37.1) 82 (10.9) 229 (10.1) 55 (28.9) 35 (28.9)
Graduate school 1,222 (21.7) 971 (41.9) 39(5.2) 73 (3.2) 112 (58.9) 27 (22.3)
Missing [n (%)] 377 260 52 46 14 5
Maternal prepregnancy BMI (kg/m?) 25.7 (6.0) 24.8 (5.3) 28.3 (7.6) 25.8 (5.7) 232 (3.9 26.6 (6.6)
Missing (n) 481 320 25 113 19 4
Delivery year [n (%)]
1983-2000 919 (15.3) 197 (7.6) 136 (17.0) 574 (24.9) 7(3.4) 5(4.0)
2001-2010 2,106 (35.0) 1,172 (45.4) 355 (44.3) 448 (19.4) 95 (46.6) 36 (28.6)
2011-2020 2,995 (49.8) 1,210 (46.9) 311 (38.8) 1,287 (55.7) 102 (50.0) 85 (67.5)
Maternal smoking during pregnancy [n (%)]
No 5,490 (92.3) 2,344 (91.2) 677 (86.4) 2,172 (95.8) 196 (97.5) 101 (80.8)
Yes 459 (7.7) 227 (8.8) 107 (13.6) 96 (4.2) 5(2.5) 24 (19.2)
Missing (n) 71 8 18 41 3 1
Study [n (%)]°
PROTECT 1,101 (18.2) 3(0.1) 0 (0.0) 1,087 (47.1) 0 (0.0) 2 (1.6)
TIDES 779 (12.9) 511 (19.8) 95 (11.8) 68 (2.9) 49 (24.0) 47 (37.3)
LIFECODES 480 (7.9) 283 (11.0) 76 (9.5) 71 (3.1) 36 (17.6) 14 (11.1)
Healthy Start 444 (1.3) 255(9.9) 49 (6.1) 109 (4.7) 16 (7.8) 15 (11.9)
CHAMACOS 429 (7.1) 7(0.3) 0 (0.0) 414 (17.9) 4(2.0) 4(3.2)
CCCEH 389 (6.4) 0 (0.0) 132 (16.5) 257 (11.1) 0 (0.0 0(0.0)
HOME 389 (6.4) 237 (9.2) 120 (15.0) 9(0.4) 5(2.5) 13 (10.3)
EARTH 385 (6.4) 327 (12.7) 11(1.4) 0 (0.0 32 (15.7) 15 (11.9)
MSSM 362 (6.0) 76 (2.9) 107 (13.3) 178 (7.7) 1(0.5) 0 (0.0
SFF 353 (5.8) 296 (11.5) 6 (0.7) 31(1.3) 16 (7.8) 2 (1.6)
RDS 318 (5.3) 158 (6.1) 151 (18.8) 3(0.1) 4(2.0) 2 (1.6)
HEBC 189 (3.1) 133 (5.2) 23 (2.9) 26 (1.1) 6(2.9) 1(0.8)
MARBLES 179 (3.0) 99 (3.8) 10(1.2) 38 (1.6) 27 (13.2) 5(4.0)
EPS 126 (2.1) 120 (4.7) 3(0.4) 0 (0.0 2 (1.0) 1(0.8)
MMIP 68 (1.1) 56 (2.2) 4(0.5) 2(0.1) 3(1.5) 3(24)
Rutgers 54 (0.9) 18 (0.7) 15(1.9) 16 (0.7) 3(1.5) 2 (1.6)

Note: BMI, body mass index; CCCEH, Columbia Center for Children’s Environmental Health; CHAMACOS, Center for the Health Assessment of Mothers and Children of Salinas;
EARTH, Environment and Reproductive Health Study; EPS, The North Carolina Early Pregnancy Study; Healthy Start, Healthy Start Study; HEBC, Harvard Epigenetic Birth Cohort;
HOME, Health Outcomes and Measures of the Environment Study; MARBLES, Markers of Autism Risk in Babies-Learning Early Signs; MMIP, Michigan Mother-Infant Pairs
Project; MSSM, Children’s Environmental Health Study at the Mount Sinai School of Medicine; PROTECT, Puerto Rico Testsite for Exploring Contamination Threats; RDS,
Reproductive Development Study; Rutgers, Rutgers University; SD, standard deviation; SFF, Study for Future Families; TIDES, The Infant Development and the Environment Study.

“The total sample size across categories does not always sum to the overall sample size of n= 6,045 because a total of n =25 participants were missing race and ethnicity information.

PEach race and ethnic category represents a composite measure used to maximize sample size and consistency between pooled studies, including non-Hispanic White (Caucasian,
‘White), non-Hispanic Black (African American, Black), Hispanic/Latina (Hispanic, Latino, Latin American indigenous heritage), Asian/Pacific Islander [Asian, Pacific Islander (PI),
Native Hawaiian, South Asian], and Other races (Native American, Alaskan Native, > 1 racial identity, or “Other”).

“A total of n =25 participants were missing race and ethnicity information, including 9, 9, 5, and 2 participants from PROTECT, TIDES, HOME, and SFF, respectively. Acronym and

full study names are defined in Table S1.

similar among White (OR =0.95; 95% CI: 0.77, 1.17) and Black
participants (OR =1.10; 95% CI: 0.78, 1.55) but higher among
Hispanic/Latina participants (OR =1.34; 95% CI: 1.08, 1.68).
For MiBP, effect estimates for Black participants (OR =1.83;
95% CT: 1.19, 2.81) and Hispanic/Latina participants (OR = 1.29;
95% CI: 1.02, 1.64) were both higher than what was observed for
White participants (OR =0.93;95% CI: 0.73, 1.18).

Discussion

In a pooled analysis of more than 6,000 pregnancies, we observed
large racial and ethnic disparities in urinary phthalate metabolite
concentrations. Specifically, Black and Hispanic/Latina partici-
pants had up to 148% and 94% higher average concentrations,
respectively, than White participants after adjustment for covari-
ates. Furthermore, g-computation results suggested that the prob-
ability of preterm birth among these groups would be lower if
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they had urinary phthalate metabolite concentrations approxi-
mately equal to those among White participants. Our prior study
of overall associations showed four phthalate metabolites (MBP,
MiBP, MECPP, and MCPP) were individually associated with
higher odds of preterm birth.!® In the present study, we observed
some evidence that these odds ratios significantly differed by par-
ticipant race and ethnicity, where two of the four metabolites
(MBP and MiBP) associated with preterm birth in our prior overall
analysis exhibited effect estimates that were greater in magnitude
for Black and/or Hispanic/Latina participants.'® These findings
suggest that, in the United States, racial and ethnic disparities in
phthalate exposure are important contributors to differences in pre-
term birth. Overall, our findings support the hypothesis that reduc-
ing the disparities in exposure to multiple phthalates would reduce
preterm births among systematically marginalized racial and eth-
nic groups.
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Figure 2. Distributions of participant race and ethnicity within each of the 16 studies included in the Pooled Study of Phthalate Exposure and Preterm Birth.
Each racial and ethnic category represents a composite measure to maximize sample size and consistency, including non-Hispanic White (White: Caucasian,
White), non-Hispanic Black (Black: African American, Black), Hispanic/Latina (Hispanic, Latino, Latin American indigenous heritage), Asian/Pacific Islander
(Asian, PI, Native Hawaiian, South Asian), and Other races (Native American, Alaskan Native, >1 racial identity, or “Other”). Values for sample size and pro-
portions are provided in Table 1. Note: CCCEH, Columbia Center for Children’s Environmental Health, CHAMACOS, Center for the Health Assessment of
Mothers and Children of Salinas; EARTH, Environment and Reproductive Health Study; EPS, The North Carolina Early Pregnancy Study; Healthy Start,
Healthy Start Study; HEBC, Harvard Epigenetic Birth Cohort; HOME, Health Outcomes and Measures of the Environment Study; MARBLES, Markers of
Autism Risk in Babies-Learning Early Signs; MMIP, Michigan Mother-Infant Pairs Project; MSSM, Children’s Environmental Health Study at the Mount
Sinai School of Medicine; PI, Pacific Islander; PROTECT, Puerto Rico Testsite for Exploring Contamination Threats; RDS, Reproductive Development Study;

Rutgers, Rutgers University; SFF, Study for Future Families; TIDES, The Infant Development and the Environment Study.

Preterm birth in the United States, which increased from 9.6%
of pregnancies in 2015 to 10.2% in 2019, remains a leading cause
of infant death and disability in U.S. children.>® Preterm birth is
also a major racial and ethnic health inequity in the United
States, where, in 2021, the probabilities of preterm birth for non-
Hispanic Black (14.7%), Hispanic (10.2%), and American Indian/
Alaska Native (12.3%) pregnancies were all higher than those
observed in non-Hispanic White pregnancies (9.5%).2 The most
cited explanations for these disparities, specifically for the largest
gap observed between non-Hispanic Black and non-Hispanic
White births, are socioeconomic differences, genetic variation,
and smoking, but rigorous investigation has dispelled these
hypotheses because racial and ethnic disparities in preterm birth
still exist after accounting for these factors.*>* In the present
analysis, we found that the racial and ethnic disparities in phthal-
ate exposure observed may be important contributors to the paral-
lel disparities in preterm birth. For example, we estimated that
jointly reducing exposure to nine phthalates among Black partici-
pants in our study to the levels observed among White partici-
pants would result in 13% fewer preterm births among Black
participants. Correspondingly, the predicted probability of pre-
term birth among Black participants after the hypothetical inter-
vention more closely resembled that observed among White
participants [103 (95% CI: 71, 139) vs. 93 (95% CI: 82, 105) per
1,000 live births, respectively]. Although the preintervention pre-
term birth probability was lower for Hispanic/Latina participants
[75 (95% CI: 65, 86) per 1,000 live births] than White partici-
pants, the hypothetical intervention was still estimated to result in
an additional 9% (95% CI: —18%, 0.8%) decrease in preterm
births. Confidence intervals for the effects of the hypothetical
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interventions included the null, reflecting statistical uncertainty in
estimates. Nevertheless, these data are consistent with the hy-
pothesis that reducing disparities in phthalate exposure would
help to mitigate preterm birth rates among key demographic
groups in the United States.

Our approach to examining the impact of hypothetical reduc-
tions in phthalate exposures on preterm birth exemplifies how we
can move beyond simply examining effect modification to investi-
gate environmental contributors to racial health inequities. We
note that our study question is about the effects of phthalates, where
we contrast the expected number of preterm births that we would
observe under two different distributions of phthalates. This ques-
tion is distinct from a mediation question, where we might ask how
much of the causal effect of race is mediated by phthalates.
Following previously proposed guidelines,*> our study investi-
gated effect size differences in combination with examination of
exposure differences by race and ethnicity. We observed that the
differences in preterm birth could be driven, in part, by disparities
in phthalate exposure. Furthermore, our novel application of
g-computation in this context simultaneously allowed us to: @) esti-
mate the impact of reducing all phthalate metabolites simultane-
ously (i.e., the mixture effect); and b) visualize probabilities of
preterm birth under a scenario where phthalate metabolite levels
were equitable across racial and ethnic groups.

One of the assumptions of g-computation, for causal infer-
ence, as implemented in our approach, is that outcome models
are correctly specified. In our approach, this means that the
underlying logistic models are assumed to be correct, and our
sensitivity analyses suggest this is appropriate, given limited
effect measure modification. As Robins and Hernan note, there
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Figure 3. Boxplot distributions of pregnancy-averaged urinary phthalate metabolite concentrations in the Pooled Phthalate and Preterm Birth Study, overall
and by race and ethnicity. Concentrations were standardized by urine dilution. Each box shows the 25th, 50th, and 75th percentiles. The upper whisker repre-
sents 1.5 times the 75th percentile, whereas the lower whisker represents 0.5 times the 25th percentile, stopping at the limit of detection. Values above or below
whiskers not shown. Plotted values and sample sizes are displayed in Table S4. The range of LOD and proportion of samples below LOD are displayed in
Table S2. If measures were under the LOD and no instrument-read values were available, values were multiply imputed. Phthalates metabolites are: MEP,
MBP, MiBP, MBzP, MEHP, MEHHP, MECPP, MEOHP, and MCPP. Note: LOD, limit of detection; MBP, mono-n-butyl phthalate; MBzP, monobenzyl
phthalate; MCPP, mono(3-carboxypropyl) phthalate; MECPP, mono(2-ethyl-5-carboxypentyl) phthalate; MEHHP, mono(2-ethyl-5-hydroxyhexyl) phthalate;
MEHP, mono(2-ethylhexyl) phthalate; MEOHP, mono(2-ethyl-5-oxohexyl) phthalate; MEP, monoethyl phthalate; MiBP, monoisobutyl phthalate; PI, Pacific
Islander.
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Figure 4. Adjusted percent differences in pregnancy-averaged urinary phthalate metabolite concentrations in the Pooled Phthalate and Preterm Birth Study for
non-Hispanic Black (Black), Hispanic/Latina, or Asian/PI participants in comparison with non-Hispanic White participants. Estimates represent the percent dif-
ference and 95% Cls in adjusted geometric means of urinary phthalate metabolite concentrations. Values were estimated by multiple linear regression and
adjusted for maternal age, education, prepregnancy BMI, delivery year, and study. Concentrations were corrected for urine dilution. Plotted values are provided
in Table S3. Phthalates metabolites are: MEP, MBP, MiBP, MBzP, MEHP, MEHHP, MECPP, MEOHP, and MCPP. Note: BMI, body mass index; CI, confi-
dence interval; MBP, mono-n-butyl phthalate; MBzP, monobenzyl phthalate; MCPP, mono(3-carboxypropyl) phthalate; MECPP, mono(2-ethyl-5-carboxypen-
tyl) phthalate; MEHHP, mono(2-ethyl-5-hydroxyhexyl) phthalate; MEHP, mono(2-ethylhexyl) phthalate; MEOHP, mono(2-ethyl-5-oxohexyl) phthalate; MEP,
monoethyl phthalate; MiBP, monoisobutyl phthalate; PI, Pacific Islander.
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Figure 5. Preterm births per 1,000 live births before and after a hypothetical intervention to reduce concentrations of all urinary phthalate metabolites to the
distributions observed among non-Hispanic White participants in the Pooled Study of Phthalate Exposure and Preterm Birth. Predicted probability of preterm
birth without an intervention was applied to Non-Hispanic White participants because this population had the lowest adjusted geometric mean concentrations
of each metabolite. Results were estimated from g-computation following multivariable logistic regression stratified by race and ethnicity and adjusted for
maternal age, education, prepregnancy BMI, delivery year, and study. Point estimates and 95% Cls are provided in Table S6. Note: BMI, body mass index; CI,

confidence interval.

are no needed assumptions about the validity of the exposure
models.>® In our approach, our choice to model exposure based
on observed distributions does not affect the validity of our model
given the distributional goals we set are, in principle, achievable.
Here, we have modeled exposures for the express purpose of
quantifying an exposure disparity. Thus, our approach estimates
the impact of eliminating the disparity because it is quantified by
the difference in GMs of exposures. The additional assumptions
necessary are standard causal assumptions, which we previously
described in the context of phthalate metabolite mixtures and pre-
term birth.'® Perhaps most relevantly, we assume treatment varia-
tion irrelevance. For our analysis, this assumption is akin to a “no
side-effects” assumption, whereby we assume that we could
lower phthalate metabolite levels through an intervention that
would not change other determinants of preterm birth.>’->® This
may not be met, because changing phthalate exposure is likely to
result in changes to other exposures as well. This highlights the
need to study true interventions in an approach with intersectional
perspectives.>® Overall, however, our hypothetical intervention
analysis provides needed information in the path toward achiev-
ing health equity through reducing disparities in a ubiquitous
class of chemicals with well-document disparities by race and
ethnicity.

The racial and ethnic disparities in phthalate exposure we
observed in our pooled study are consistent with prior evidence.
A study using a large (n=38,080) and representative cross-
sectional sample of women living in the United States also
observed racial and ethnic differences in urinary phthalate
metabolites, including 78% higher MEP concentrations among
non-Hispanic Black in comparison with non-Hispanic White
participants.*’ Similar to our sensitivity analysis examining
phthalate exposure disparities across educational strata as an indica-
tor of socioeconomic status, that study found racial and ethnic dis-
parities in phthalate metabolite concentrations existed across
income levels.*” Evidence from prospective pregnancy cohort stud-
ies have also provided evidence consistent with our results.!®2%3!
In a recent pilot study of data pooled data from nine U.S. cohorts,
adjusted differences in urinary phthalate metabolite concentrations
between Hispanic (any race) and non-Hispanic White participants
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were of similar magnitude to differences observed in our study.'®
For example, concentrations of MEP displayed the largest differ-
ences, with 108% higher (95% CI: 19%, 266%) levels among
Hispanic in comparison with non-Hispanic White participants.!'®
Unlike most previous studies, we examined racial and ethnic
differences in phthalate metabolite concentrations after adjust-
ment for covariates. We recognize that many of these factors
(education, age in pregnancy, prepregnancy BMI, etc.) result,
in part, from racism and potential drivers of exposure dispar-
ities. However, we sought to examine exposure disparities that
persist for reasons beyond those we were able to measure.
Adjustment attenuated associations, indicating that socioeco-
nomic and other factors play a role in the exposure disparities.
Of note, attenuation could also be attributable to mediation of
associations by the covariates. However, even after adjustment,
racial and ethnic differences in phthalate metabolite concentra-
tions were still substantial.

The racial and ethnic disparities in phthalate metabolite levels
are likely related to differences in factors such as consumer prod-
uct use®*®! and diet.?’-> We did not have data on such factors
among study participants. We expect that these differences are
because of disparities in access to products and foods with lower
phthalate levels, a consequence of systematic environmental dif-
ferences attributable to a multitude of factors including structural
racism.!193 Although our results cannot determine specific inter-
ventions that would equitably reduce phthalate metabolite con-
centrations among Black and Hispanic/Latina participants, we
expect that the lower postintervention levels are feasible in soci-
ety because such distributions were actually observed among
White participants. In our study, the largest racial and ethnic dis-
parities were for metabolites derived from phthalate commonly
used in personal care products, including metabolites of diethyl,
di-n-butyl, and diisobutyl phthalate. These parent chemicals are
typically used as fragrance additives, and high levels have been
detected in a range of hair products marketed to Black women.®°
The corresponding use of such products is also higher among
non-Hispanic Black women in comparison with non-Hispanic
White women,® which may translate to higher urinary phthalate
metabolite concentrations.®> Future intervention strategies should
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Figure 6. Associations between urinary phthalate metabolites and preterm birth in models stratified by race and ethnicity in the Pooled Phthalate and Preterm
Birth Study. Odds ratios and 95% CI represent estimated odds of preterm birth in comparison with term birth per overall IQR increase in each phthalate metab-
olite. Associations were estimated by multiple logistic regression models stratified by race and ethnicity. All models were adjusted for study, maternal age, edu-
cation, prepregnancy BMI, and delivery year. An asterisk (*) indicates p <0.10 from augmented Wald tests, which compared nested models with and without
an interaction term between phthalate metabolite and race and ethnicity. Point estimates, 95% CI, and Wald tests are provided in Table S7. Phthalates metabo-
lites and IQRs in ng/mL are: MEP, 168.2; MBP, 21.4; MiBP, 8.6; MBzP, 11.0; MEHP, 5.0, MEHHP, 17.3; MECPP, 26.9; MEOHP, 12.4; and MCPP, 2.5.
Note: CI, confidence interval; IQR, interquartile range; MBP, mono-n-butyl phthalate; MBzP, monobenzyl phthalate; MCPP, mono(3-carboxypropyl) phthal-
ate; MECPP, mono(2-ethyl-5-carboxypentyl) phthalate; MEHHP, mono(2-ethyl-5-hydroxyhexyl) phthalate; MEHP, mono(2-ethylhexyl) phthalate; MEOHP,
mono(2-ethyl-5-oxohexyl) phthalate; MEP, monoethyl phthalate; MiBP, monoisobutyl phthalate.

be developed using the evidence and well-established theories Marginalized racial and ethnic populations may also be more
from the fields of environmental justice and health equity.'®!"?®  susceptible to phthalate exposures through diet.'>6%6 Increasing
For example, racism, sexism, and classism intersect in Black hair evidence shows that consumption of ultraprocessed foods, including
discrimination, which penalizes Black people, especially Black  fast food, may increase phthalate exposures.'>27-%2 Ultraprocessed

women, for wearing their hair in natural styles.!! In this sce- foods are ready-to-eat items that are made with minimal whole
nario, Black women may be pressured to maintain their hair in foods and provide low nutritional value,®” and consumption may be
certain styles to achieve and maintain economic opportunities, higher among people of color.®®% Phthalate levels may be higher in
and the products used to transform and maintain those hair- these foods because of the materials used in processing or packaging
styles can have higher levels of phthalates and subsequently materials.”® Reasons for the higher ultraprocessed food consump-
increase exposures.'!'->® Explicit consideration of such varia- tion among these groups are multifactorial but likely involve poli-
tion in the cumulative social factors that contribute to expo- cies on housing and food subsidies, food deserts, and employment

sure risk is critical to advance strategies to reduce and prevent inequities.>~” Historical and ongoing housing policies create resi-
exposures. 101! dential segregation along racial and ethnic lines, which adversely
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impact the food landscape.®”! Such policies reduce access to fresh
food and increase access to ultraprocessed foods,’? thus increasing
potential dietary phthalate exposures. Further, food subsidies that
keep prices low for ultraprocessed rather than fresh foods can poten-
tiate this issue by increasing access and consumption within lower-
income communities.®

Real-world interventions to mitigate these diverse sources of
exposure could take the form of behavioral interventions,’’
regulations, or voluntary consumer market campaigns.’>7¢ At the
individual level, consumers can attempt to avoid purchasing per-
sonal care or food items that may contain phthalates. However,
accessibility and cost may impact the availability of “phthalate-
free” products,’”” which could differentially impact marginalized
groups.'® Moreover, it is difficult for consumers to identify
phthalate-free goods, even with the aid of consumer guides.””
Few consumer guides conduct independent product testing and
instead rely on potentially inaccurate or nondescriptive product
labels.”® In addition, the evidence for the effectiveness of inter-
ventions on personal care and food products to reduce phthalate
exposures is mixed,”>7+79-81 which is likely because of the mul-
tifactorial nature of environmental phthalate exposure.” Finally,
although individual-level behavior interventions may provide
some immediate reduction in phthalate exposures,’® it is difficult
to determine how to scale such interventions to benefit entire
populations.

Regulations and consumer market actions are other ways to
reduce disparities in phthalate metabolite concentrations at the
population level.”® Legislative options could limit the use of
phthalates in personal care products, like cosmetics and other
beauty products, particularly those intended for women. The
U.S. Consumer Product Safety commission now limits the use
of phthalates in children’s toys,®? but few such restrictions cur-
rently exist for products intended for women of reproductive
age. However, regulations proposed by public interest groups
(e.g., Breast Cancer Prevention Partners, Campaign for Safe
Cosmetics) have recently made progress.®* At the end of 2022,
the U.S. Congress passed the Modernization of Cosmetics
Regulation Act of 2022, which has provisions aimed at reducing
exposure to phthalates in consumer products among the public
and people working in professional salons. For example, the new law
improves the ability of the U.S. Food and Drug Administration(U.S.
FDA) to access cosmetic product ingredients in the event of adverse
events and requires the U.S. FDA to consider international require-
ments regarding fragrance allergens when considering new regula-
tions or threshold levels.®3 However, among other concerns, public
interest groups point out that the new law does not require product in-
gredient transparency to the public.®? In addition, although the law
allows states to maintain previously existing laws banning the use of
specific ingredients in cosmetic products, public interest groups have
objected to the law’s preemption of states establishing new cosmetic
safety regulations that exceed federal regulations.®?

The U.S. FDA can regulate phthalates in food and beverages.
Recently, the U.S. FDA revoked authorization for 23 of 28 phtha-
lates permitted in food contact and packaging applications.’*
Although this action may seem promising to reduce phthalate
exposures in the United States, there are caveats to the apparent
progress. First, the decision to revoke authorization for the 23
phthalates was based on an industry-backed petition, which stated
that use of those 23 chemicals had already been discontinued.3*
In other words, the revoked authorization for these phthalates is
unlikely to have additional meaningful impact on dietary expo-
sure. Second, the U.S. FDA did not revoke authorization for the
other five phthalates, including DEHP and DEHP replacements,
despite petitioning from public interest groups.®* The U.S. FDA
stated that petitions to remove these additional five compounds
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were denied because they did not demonstrate that those phtha-
lates were unsafe for the approved food additive uses.’* Thus,
there is still abundant opportunity for the U.S. FDA to reduce
population-level phthalate exposures from food materials.

Our study had several strengths. Combining data from 16
U.S. studies resulted in a large racially and ethnically diverse
study population, with large enough sample sizes for Black,
Hispanic/Latina, and White groups to estimate exposure dispar-
ities and their influence on preterm birth probabilities. In addition,
because we included nearly all U.S. studies published before May
2019 with data on prenatal urinary phthalate metabolite concentra-
tions, our results may have greater generalizability than previous
studies investigating exposure disparities. Last, our approach to
evaluating joint reductions in phthalate metabolites reflects the real-
ity that pregnant populations are exposed to multiple phthalates
simultaneously. This approach addresses the longstanding recom-
mendation by the National Academies for regulatory agencies to
consider coexposure to multiple phthalates for more accurate cu-
mulative risk assessments.®> Further, our study has applied an
environmental justice approach with a solution-oriented lens to
understand the extent to which a highly prevalent class of chemi-
cals with well-documented racial and ethnic disparities contrib-
utes to a persistent health disparity. We acknowledge that this
study is an initial step on the path to addressing disparities in
phthalate exposures and associated health impacts such as pre-
term birth, and we hope this provides a framework for future
studies to leverage.

Our study also had several limitations. Despite our large sample
size, no studies in our dataset focused on recruiting from Asian/
Pacific Islander or Native American/Alaska Native populations.
Our overall and preterm birth sample sizes for these groups were
therefore limited and we were unable to estimate the impacts of hy-
pothetical interventions. These groups deserve attention in future
studies, especially because we found that Asian/Pacific Islander
participants in our study had elevated exposures to several phthal-
ate metabolites and higher proportions of preterm birth in compari-
son with White participants. In the United States, those who
identify as Native American/Alaska Native are also more likely
than those who identify as non-Hispanic White to deliver preterm,
and to our knowledge, phthalate exposure levels in this group have
not been explored.>® Our sample size also restricted us to evaluat-
ing racial and ethnic categories that were broadly defined, obscur-
ing the inherent heterogeneity that exists within each group. For
example, we were unable to account for nativity status, accultura-
tion, or immigration status, which are particularly important in the
U.S. context for those identifying as Black or Hispanic.86-8
Further, it has been established that the Asian race category in the
United States is heterogenous and should be disaggregated.58:8°
Because of the limited number of harmonized covariates available
across the pooled studies,'® we used education as a primary indica-
tor of socioeconomic status, which would have been improved by
including additional information (e.g., income). However, prior
studies have shown that maternal education is a strong predictor of
U.S. preterm birth disparities,”® and results of our sensitivity analy-
sis of exposure disparities across education levels were similar to
prior evidence using income strata.*’

We also recognize there was variation in exposure assess-
ment methods across studies,'® potentially producing measure-
ment error. However, we adjust for known confounders and
chose to average across repeated spot urine samples to improve
our exposure characterization.*>#¢ In addition, if selection into
our study cohorts was strongly related to both phthalate expo-
sure as well as race and ethnicity, that relationship may have bi-
ased our findings. However, our prior work demonstrated that
associations between phthalate metabolites and preterm birth
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were not significantly heterogeneous across study cohorts, so
this is unlikely to be a major source of bias.!® Our study may be
subject to selection bias or confounding if phthalate exposure
caused pregnancy to not result in a live birth.”! However, given
that our central aim was to investigate associations among live
births, it is unlikely to be a large source of bias. Last, our pooled
analysis was specifically designed to assess the influence of
phthalate exposure on preterm birth, which left us unable to
address the potential influence of unmeasured environmental
chemical and nonchemical exposures that may act independently
or together with phthalates to influence racial and ethnic dispar-
ities in probabilities of preterm birth, such as other endocrine-
disrupting chemicals,’? air pollution,”®> ambient temperature,®*
greenspace,” psychosocial stress,”® employment inequities,””
and access to care.”® Future work that incorporates a more com-
plete exposome approach to this research question will likely
improve the ability for public health interventions to successfully
reduce preterm birth across racial and ethnic groups.

Conclusions

In an analysis harmonizing data from nearly all U.S. cohort stud-
ies that measured urinary phthalate metabolites during pregnancy
before May 2019, Black and Hispanic/Latina participants had
significantly higher urinary concentrations of most phthalate
metabolites in comparison with White participants. Hypothetical
interventions to reduce these racial and ethnic disparities pre-
dicted reductions in preterm births. We also observed some evi-
dence that ORs for associations between phthalate metabolites
and preterm birth differed by participant race and ethnicity, where
ORs were greatest in magnitude among Black or Hispanic/Latina
participants for two of the four phthalate metabolites that were
associated with preterm birth in the overall study population.
These findings support the need to reduce phthalate exposures
among systematically marginalized people.

Acknowledgments

This research was supported in part by the Intramural Research
Program of the National Institutes of Health (NIH)/National Institute
of Environmental Health Sciences (NIEHS, ZIAES103321). The
project was also supported by the NIEHS (grants PA2ES017198 to
Dr. Alshawabkeh, P30ES005022 to Dr. Barrett, R21ES031231 to
Dr. Bloom, PO1ES009605 and R24ES028529 to Dr. Eskenazi,
RO1ES021369 and U24ES028529-06 to Dr. Holland, ROIES024381
to Dr. Braun, RO1ES030078 to Dr. Buckley, P42ES017198 to
Dr. Cordero, RO1ES022934 to Dr. Dabelea, P30ES010126 and
PO1ES09584 to Dr. Engel, ROIES013543, RO1ES014393, and
RO1ES08977 to Dr. Factor-Litvak, ROIES009718 to Dr. Hauser,
ES013543 to Dr. Herbstman, P30ES023513 to Dr. Hertz-Picciotto,
P30ES000002 for Dr. James-Todd, ZO1ES103333 to Dr. Jukic,
RO1ES031591 and P42ES017198 to Dr. Meeker, ROIES031657
to Dr. Messerlian, PO1ES022844 and RO1ES017500 to Dr.
Padmanabhan, T32ES007018 to Ms. Rosen, ROIES0125169 to
Dr. Sathyanarayana, R21ES025551 and R24ES028533 to Dr.
Schmidt, ROIES016863 and RO1ES016863-02S4 to Dr. Swan,
P30ES005022 to Dr. Weinberger, POIES011261 to Dr. Lanphear),
NIH (grants UH30D023251 to Dr. Alshawabkeh, UH30D023365
to Dr. Hertz-Picciotto, P3OES005022 to Dr. Rich, UH30D023342
to Dr. Schmidt), U.S. Environmental Protection Agency (grants
R82670901 and R827039 to Dr. Engel, R82670901 to Dr.
Eskenazi), National Institute of Diabetes and Digestive and Kidney
Diseases (grant RO1IDK076648 to Dr. Dabelea), National Cancer
Institute (grant R21CA 128382 to Dr. Michels), National Center for
Advancing Translational Sciences (grant UL1TR001881 to Dr.
Wang), and Eunice Kennedy Shriver National Institute of Child

Environmental Health Perspectives

127015-13

Health and Human Development (grant R21HDO058019 to Dr.
Weinberger).

The funders had no role in the design and conduct of the
study; collection, management, analysis, and interpretation of the
data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

The findings and conclusions of this report are those of the
authors and do not necessarily represent the official position of
the U.S. Centers for Disease Control and Prevention (U.S. CDC).
Use of trade names is for identification only and does not imply
endorsement by the U.S. CDC, the Public Health Service, or the
U.S. Department of Health and Human Services. The analysis of
deidentified specimens at the U.S. CDC was determined not to
constitute engagement in human subjects research.

References

1. Smid MC, Lee JH, Grant JH, Miles G, Stoddard GJ, Chapman DA, et al. 2017.
Maternal race and intergenerational preterm birth recurrence. Am J Obstet
Gynecol 217(4):480.e1-480.e9, PMID: 28578169, https://doi.org/10.1016/j.ajog.
2017.05.051.

2. National Center for Health Statistics. 2022. Births: Provisional Data for 2021.
Hyattsville, MD: National Center for Health Statistics.

3. 'Driscoll AO, Hamilton BE, Valenzuela CP, Martin JA. Quarterly Provisional
Estimates for Selected Birth Indicators, Quarter 1, 2020-Quarter 1, 2022. https:/
www.cdc.gov/nchs/nvss/vsrr/natality-dashboard.htm [accessed 1 November 2022].

4. Braveman P, Dominguez TP, Burke W, Dolan SM, Stevenson DK, Jackson FM,
et al. 2021. Explaining the Black-White disparity in preterm birth: a consensus
statement from a multi-disciplinary scientific work group convened by the
March of Dimes. Front Reprod Health 3:684207, PMID: 36303973, https://doi.org/
10.3389/frph.2021.684207.

5. Mendez DD, Hogan VK, Culhane J. 2011. Institutional racism and pregnancy
health: using home mortgage disclosure act data to develop an index for mortgage
discrimination at the community level. Public Health Rep 126 Suppl 3(suppl 3):
102-114, PMID: 21836743, https://doi.org/10.1177/00333549111260S315.

6. Krieger N, Van Wye G, Huynh M, Waterman PD, Maduro G, Li W, et al. 2020.
Structural racism, historical redlining, and risk of preterm birth in New York City,
2013-2017. Am J Public Health 110(7):1046-1053, PMID: 32437270, https://doi.org/
10.2105/AJPH.2020.305656.

7. Mehra R, Boyd LM, Ickovics JR. 2017. Racial residential segregation and
adverse birth outcomes: a systematic review and meta-analysis. Soc Sci Med
191:237-250, PMID: 28942206, https://doi.org/10.1016/j.socscimed.2017.09.018.

8. Shenassa ED, Widemann LG, Hunt CD. 2021. Antepartum depression and preterm
birth: pathophysiology, epidemiology, and disparities due to structural racism. Curr
Psychiatry Rep 23(3):14, PMID: 33630175, https://doi.org/10.1007/s11920-021-01223-1.

9. Mutambudzi M, Meyer JD, Reisine S, Warren N. 2017. A review of recent liter-
ature on materialist and psychosocial models for racial and ethnic disparities
in birth outcomes in the US, 2000-2014. Ethn Health 22(3):311-332, PMID:
27852109, https://doi.org/10.1080/13557858.2016.1247150.

10. McDonald JA, Llanos AAM, Morton T, Zota AR. 2022. The environmental injus-
tice of beauty products: toward clean and equitable beauty. Am J Public
Health 112(1):50-53, PMID: 34936409, https://doi.org/10.2105/AJPH.2021.306606.

11. Zota AR, VanNoy BN. 2021. Integrating intersectionality into the exposome para-
digm: a novel approach to racial inequities in uterine fibroids. Am J Public Health
111(1):104-109, PMID: 33211578, https://doi.org/10.2105/AJPH.2020.305979.

12. Edwards L, McCray NL, VanNoy BN, Yau A, Geller RJ, Adamkiewicz G, et al. 2021.
Phthalate and novel plasticizer concentrations in food items from U.S. fast food
chains: a preliminary analysis. J Expo Sci Environ Epidemiol 32(3):366-373, PMID:
34702987, https://doi.org/10.1038/s41370-021-00392-8.

13. James-Todd TM, Chiu YH, Zota AR. 2016. Racial/ethnic disparities in environ-
mental endocrine disrupting chemicals and women's reproductive health out-
comes: epidemiological examples across the life course. Curr Epidemiol Rep
3(2):161-180, PMID: 28497013, https://doi.org/10.1007/s40471-016-0073-9.

14. Chan M, Mita C, Bellavia A, Parker M, James-Todd T. 2021. Racial/ethnic dis-
parities in pregnancy and prenatal exposure to endocrine-disrupting chemicals
commonly used in personal care products. Curr Environ Health Rep 8(2):98—
112, PMID: 34046860, https://doi.org/10.1007/s40572-021-00317-5.

15. U.S. Centers for Disease Control and Prevention. 2022. Phthalates Factsheet. https://
www.cdc.gov/biomonitoring/Phthalates_FactSheethtml [accessed 1 November 2022].

16. Buckley JP, Kuiper JR, Bennett DH, Barrett ES, Bastain T, Breton CV, et al.
2022. Exposure to contemporary and emerging chemicals in commerce among
pregnant women in the United States: the Environmental influences on Child
Health Outcome (ECHO) program. Environ Sci Technol 56(10):6560-6573, PMID:
35536918, https://doi.org/10.1021/acs.est.1c08942.

131(12) December 2023


https://www.ncbi.nlm.nih.gov/pubmed/28578169
https://doi.org/10.1016/j.ajog.2017.05.051
https://doi.org/10.1016/j.ajog.2017.05.051
https://www.cdc.gov/nchs/nvss/vsrr/natality-dashboard.htm
https://www.cdc.gov/nchs/nvss/vsrr/natality-dashboard.htm
https://www.ncbi.nlm.nih.gov/pubmed/36303973
https://doi.org/10.3389/frph.2021.684207
https://doi.org/10.3389/frph.2021.684207
https://www.ncbi.nlm.nih.gov/pubmed/21836743
https://doi.org/10.1177/00333549111260S315
https://www.ncbi.nlm.nih.gov/pubmed/32437270
https://doi.org/10.2105/AJPH.2020.305656
https://doi.org/10.2105/AJPH.2020.305656
https://www.ncbi.nlm.nih.gov/pubmed/28942206
https://doi.org/10.1016/j.socscimed.2017.09.018
https://www.ncbi.nlm.nih.gov/pubmed/33630175
https://doi.org/10.1007/s11920-021-01223-1
https://www.ncbi.nlm.nih.gov/pubmed/27852109
https://doi.org/10.1080/13557858.2016.1247150
https://www.ncbi.nlm.nih.gov/pubmed/34936409
https://doi.org/10.2105/AJPH.2021.306606
https://www.ncbi.nlm.nih.gov/pubmed/33211578
https://doi.org/10.2105/AJPH.2020.305979
https://www.ncbi.nlm.nih.gov/pubmed/34702987
https://doi.org/10.1038/s41370-021-00392-8
https://www.ncbi.nlm.nih.gov/pubmed/28497013
https://doi.org/10.1007/s40471-016-0073-9
https://www.ncbi.nlm.nih.gov/pubmed/34046860
https://doi.org/10.1007/s40572-021-00317-5
https://www.cdc.gov/biomonitoring/Phthalates_FactSheet.html
https://www.cdc.gov/biomonitoring/Phthalates_FactSheet.html
https://www.ncbi.nlm.nih.gov/pubmed/35536918
https://doi.org/10.1021/acs.est.1c08942

. Woodruff TJ, Zota AR, Schwartz JM. 2011. Environmental chemicals in preg-

nant women in the United States: NHANES 2003-2004. Environ Health Perspect

mixtures. Environ Health Perspect 128(4):47004, PMID: 32255670, https://doi.org/
10.1289/EHP5838.

119(6):878—885, PMID: 21233055, https://doi.org/10.1289/ehp.1002727. 38. Lubin JH, Colt JS, Camann D, Davis S, Cerhan JR, Severson RK, et al. 2004.

18. Welch BM, Keil AP, Buckley JP, Calafat AM, Christenbury KE, Engel SM, et al. Epidemiologic evaluation of measurement data in the presence of detection limits.
2022. Associations between prenatal urinary biomarkers of phthalate exposure Environ Health Perspect 112(17):1691-1696, PMID: 15579415, https://doi.org/10.
and preterm birth: a pooled study of 16 US cohorts. JAMA Pediatr 176(9):895— 1289/ehp.7199.

905, PMID: 35816333, https://doi.org/10.1001/jamapediatrics.2022.2252. 39. 0'Brien KM, Upson K, Cook NR, Weinberg CR. 2016. Environmental chemicals

19. Welch BM, McNell EE, Edin ML, Ferguson KK. 2022. Inflammation and oxidative in urine and blood: improving methods for creatinine and lipid adjustment.
stress as mediators of the impacts of environmental exposures on human preg- Environ Health Perspect 124(2):220-227, PMID: 26219104, https://doi.org/10.
nancy: evidence from oxylipins. Pharmacol Ther 239:108181, PMID: 35367517, 1289/ehp.1509693.
https://doi.org/10.1016/j.pharmthera.2022.108181. 40. Kuiper JR, 0'Brien KM, Welch BM, Barrett ES, Nguyen RHN, Sathyanarayana

20. Harris SM, Colacino J, Buxton M, Croxton L, Nguyen V, Loch-Caruso R, et al. S, et al. 2022. Combining urinary biomarker data from studies with different
2022. A data mining approach reveals chemicals detected at higher levels in non- measures of urinary dilution. Epidemiology 33(4):533-540, PMID: 35473917,
Hispanic Black women target preterm birth genes and pathways. Reprod Sci https://doi.org/10.1097/EDE.0000000000001496.
29(7):2001-2012, PMID: 35107823, https://doi.org/10.1007/s43032-022-00870-w. 41. Barr DB, Wilder LC, Caudill SP, Gonzalez AJ, Needham LL, Pirkle JL. 2005.

21. Ferguson KK, Chen YH, VanderWeele TJ, McElrath TF, Meeker JD, Mukherjee B. Urinary creatinine concentrations in the U.S. population: implications for uri-
2017. Mediation of the relationship between maternal phthalate exposure and pre- nary biologic monitoring measurements. Environ Health Perspect 113(2):192—
term birth by oxidative stress with repeated measurements across pregnancy. 200, PMID: 15687057, https://doi.org/10.1289/ehp.7337.

Environ Health Perspect 125(3):488-494, PMID: 27352406, https://doi.org/10.1289/ 42. MacPherson S, Arbuckle TE, Fisher M. 2018. Adjusting urinary chemical bio-
EHP282. markers for hydration status during pregnancy. J Expo Sci Environ Epidemiol

22. Adibi JJ, Whyatt RM, Hauser R, Bhat HK, Davis BJ, Calafat AM, et al. 2010. 28(5):481-493, PMID: 29880833, https://doi.org/10.1038/s41370-018-0043-z.
Transcriptional biomarkers of steroidogenesis and trophoblast differentiation 43. Yeh H-C, Lin Y-S, Kuo C-C, Weidemann D, Weaver V, Fadrowski J, et al. 2015.
in the placenta in relation to prenatal phthalate exposure. Environ Health Urine osmolality in the US population: implications for environmental biomoni-
Perspect 118(2):291-296, PMID: 20123604, https://doi.org/10.1289/ehp.0900788. toring. Environ Res 136:482-490, PMID: 25460670, https://doi.org/10.1016/j.

23. Branch F, Woodruff TJ, Mitro SD, Zota AR. 2015. Vaginal douching and racial/ envres.2014.09.009.
ethnic disparities in phthalates exposures among reproductive-aged women: 44, Kuiper JR, 0'Brien KM, Ferguson KK, Buckley JP. 2021. Urinary specific gravity
National Health and Nutrition Examination Survey 2001-2004. Environ Health measures in the U.S. population: implications for the adjustment of non-
14:57, PMID: 26174070, https://doi.org/10.1186/s12940-015-0043-6. persistent chemical urinary biomarker data. Environ Int 156:106656, PMID:

24. Varshavsky JR, Zota AR, Woodruff TJ. 2016. A novel method for calculating 34062395, https://doi.org/10.1016/j.envint.2021.106656.
potency-weighted cumulative phthalates exposure with implications for 45. Harley KG, Berger K, Rauch S, Kogut K, Claus Henn B, Calafat AM, et al. 2017.
identifying racial/ethnic disparities among U.S. reproductive-aged women Association of prenatal urinary phthalate metabolite concentrations and child-
in NHANES 2001-2012. Environ Sci Technol 50(19):10616—-10624, PMID: 27579903, hood BMI and obesity. Pediatr Res 82(3):405-415, PMID: 28426647, https://doi.org/
https://doi.org/10.1021/acs.est.6b00522. 10.1038/pr.2017.112.

25. Kobrosly RW, Parlett LE, Stahlhut RW, Barrett ES, Swan SH. 2012. Socioeconomic 46. Johns LE, Cooper GS, Galizia A, Meeker JD. 2015. Exposure assessment issues
factors and phthalate metabolite concentrations among United States women of in epidemiology studies of phthalates. Environ Int 85:27-39, PMID: 26313703,
reproductive age. Environ Res 115:11-17, PMID: 22472009, https://doi.org/10.1016/]. https://doi.org/10.1016/j.envint.2015.08.005.
envres.2012.03.008. 47. Nguyen VK, Kahana A, Heidt J, Polemi K, Kvasnicka J, Jolliet O, et al. 2020. A

26. Zota AR, Shamasunder B. 2017. The environmental injustice of beauty: framing comprehensive analysis of racial disparities in chemical biomarker concentra-
chemical exposures from beauty products as a health disparities concern. Am tions in United States women, 1999-2014. Environ Int 137:105496, PMID:
J Obstet Gynecol 217(4):418.e1-418.e6, PMID: 28822238, https://doi.org/10.1016/ 32113086, https://doi.org/10.1016/j.envint.2020.105496.
j.ajog.2017.07.020. 48. Snowden JM, Rose S, Mortimer KM. 2011. Implementation of G-computa-

27. Zota AR, Phillips CA, Mitro SD. 2016. Recent fast food consumption and bisphenol tion on a simulated data set: demonstration of a causal inference tech-
A and phthalates exposures among the U.S. population in NHANES, 2003-2010. nique. Am J Epidemiol 173(7):731-738, PMID: 21415029, https://doi.org/10.
Environ Health Perspect 124(10):1521-1528, PMID: 27072648, https://doi.org/10. 1093/aje/kwq472.
1289/ehp.1510803. 49. Smith TJS, Keil AP, Buckley JP. 2023. Estimating causal effects of interventions

28. Kwate NO, Yau CY, Loh JM, Williams D. 2009. Inequality in obesigenic environ- on early-life environmental exposures using observational data. Curr Environ
ments: fast food density in New York City. Health Place 15(1):364-373, PMID: Health Rep 10(1):12-21, PMID: 36418665, https://doi.org/10.1007/s40572-022-
18722151, https://doi.org/10.1016/j.healthplace.2008.07.003. 00388-y.

29. James-Todd TM, Meeker JD, Huang T, Hauser R, Seely EW, Ferguson KK, et al. 50. Ahern J, Hubbard A, Galea S. 2009. Estimating the effects of potential public
2017. Racial and ethnic variations in phthalate metabolite concentration health interventions on population disease burden: a step-by-step illustration of
changes across full-term pregnancies. J Expo Sci Environ Epidemiol 27(2):160— causal inference methods. Am J Epidemiol 169(9):1140-1147, PMID: 19270051,
166, PMID: 26860587, https://doi.org/10.1038/jes.2016.2. https://doi.org/10.1093/aje/kwp015.

30. Wenzel AG, Brock JW, Cruze L, Newman RB, Unal ER, Wolf BJ, et al. 2018. 51. Polinski KJ, Dabelea D, Hamman RF, Adgate JL, Calafat AM, Ye X, et al. 2018.
Prevalence and predictors of phthalate exposure in pregnant women in Distribution and predictors of urinary concentrations of phthalate metabolites
Charleston, SC. Chemosphere 193:394-402, PMID: 29154114, https://doi.org/10. and phenols among pregnant women in the healthy start study. Environ Res
1016/j.chemosphere.2017.11.019. 162:308-317, PMID: 29407762, https://doi.org/10.1016/j.envres.2018.01.025.

31. Bloom MS, Wenzel AG, Brock JW, Kucklick JR, Wineland RJ, Cruze L, et al. 52. Buckley JP, Doherty BT, Keil AP, Engel SM. 2017. Statistical approaches for
2019. Racial disparity in maternal phthalates exposure; association with racial estimating sex-specific effects in endocrine disruptors research. Environ
disparity in fetal growth and birth outcomes. Environ Int 127:473-486, PMID: Health Perspect 125(6):067013, PMID: 28665274, https://doi.org/10.1289/EHP334.
30981018, https://doi.org/10.1016/j.envint.2019.04.005. 53. March of Dimes. 2020. March of Dimes Report Card: Preterm Birth. https://

32. James-Todd T, Senie R, Terry MB. 2012. Racial/ethnic differences in hormonally- www.marchofdimes.org/report-card [accessed 1 November 2022].
active hair product use: a plausible risk factor for health disparities. J Immigr Minor 54, Burris HH, Collins JW, Wright RO. 2011. Racial/ethnic disparities in preterm
Health 14(3):506-511, PMID: 21626298, https://doi.org/10.1007/s10903-011-9482-5. birth: clues from environmental exposures. Curr Opin Pediatr 23(2):227-232,

33. Marie C, Cabut S, Vendittelli F, Sauvant-Rochat MP. 2016. Changes in cosmet- PMID: 21301340, https://doi.org/10.1097/MOP.0b013e328344568f.
ics use during pregnancy and risk perception by women. Int J Environ Res 55. Ward JB, Gartner DR, Keyes KM, Fliss MD, McClure ES, Robinson WR. 2019.
Public Health 13(4):383, PMID: 27043593, https://doi.org/10.3390/ijerph13040383. How do we assess a racial disparity in health? Distribution, interaction, and

34. Borrell LN, Echeverria SE. 2022. The use of Latinx in public health research interpretation in epidemiological studies. Ann Epidemiol 29:1-7, PMID: 30342887,
when referencing Hispanic or Latino populations. Soc Sci Med 302:114977, https://doi.org/10.1016/j.annepidem.2018.09.007.

PMID: 35504084, https://doi.org/10.1016/j.socscimed.2022.114977. 56. James MR, Migue AH. 2008. Estimation of the causal effects of time-varying

35. van Buuren S. 2018. Flexible Imputation of Missing Data. 2nd Edition. Boca exposures. In: Longitudinal Data Analysis. Boca Raton, FL: CRC Press.

Raton, FL: Chapman & Hall/CRC. https://stefvanbuuren.name/fimd/index.html 57. VanderWeele TJ. 2009. Concerning the consistency assumption in causal in-
[accessed 1 November 2022]. ference. Epidemiology 20(6):880-883, PMID: 19829187, https://doi.org/10.1097/

36. van Buuren S, Groothuis-Oudshoorn K. 2011. Mice: multivariate imputation by EDE.0b013e3181bd5638.
chained equations in R. J Stat Softw 45(3):1-67, https://doi.org/10.18637/jss.v045.i03. 58. Cole SR, Frangakis CE. 2009. The consistency statement in causal inference: a defi-

37. Keil AP, Buckley JP, O'Brien KM, Ferguson KK, Zhao S, White AJ. 2020. A nition or an assumption? Epidemiology 20(1):3-5, PMID: 19234395, https:/doi.org/10.
quantile-based g-computation approach to addressing the effects of exposure 1097/EDE.0b013e31818ef366.

Environmental Health Perspectives 127015-14 131(12) December 2023


https://www.ncbi.nlm.nih.gov/pubmed/21233055
https://doi.org/10.1289/ehp.1002727
https://www.ncbi.nlm.nih.gov/pubmed/35816333
https://doi.org/10.1001/jamapediatrics.2022.2252
https://www.ncbi.nlm.nih.gov/pubmed/35367517
https://doi.org/10.1016/j.pharmthera.2022.108181
https://www.ncbi.nlm.nih.gov/pubmed/35107823
https://doi.org/10.1007/s43032-022-00870-w
https://www.ncbi.nlm.nih.gov/pubmed/27352406
https://doi.org/10.1289/EHP282
https://doi.org/10.1289/EHP282
https://www.ncbi.nlm.nih.gov/pubmed/20123604
https://doi.org/10.1289/ehp.0900788
https://www.ncbi.nlm.nih.gov/pubmed/26174070
https://doi.org/10.1186/s12940-015-0043-6
https://www.ncbi.nlm.nih.gov/pubmed/27579903
https://doi.org/10.1021/acs.est.6b00522
https://www.ncbi.nlm.nih.gov/pubmed/22472009
https://doi.org/10.1016/j.envres.2012.03.008
https://doi.org/10.1016/j.envres.2012.03.008
https://www.ncbi.nlm.nih.gov/pubmed/28822238
https://doi.org/10.1016/j.ajog.2017.07.020
https://doi.org/10.1016/j.ajog.2017.07.020
https://www.ncbi.nlm.nih.gov/pubmed/27072648
https://doi.org/10.1289/ehp.1510803
https://doi.org/10.1289/ehp.1510803
https://www.ncbi.nlm.nih.gov/pubmed/18722151
https://doi.org/10.1016/j.healthplace.2008.07.003
https://www.ncbi.nlm.nih.gov/pubmed/26860587
https://doi.org/10.1038/jes.2016.2
https://www.ncbi.nlm.nih.gov/pubmed/29154114
https://doi.org/10.1016/j.chemosphere.2017.11.019
https://doi.org/10.1016/j.chemosphere.2017.11.019
https://www.ncbi.nlm.nih.gov/pubmed/30981018
https://doi.org/10.1016/j.envint.2019.04.005
https://www.ncbi.nlm.nih.gov/pubmed/21626298
https://doi.org/10.1007/s10903-011-9482-5
https://www.ncbi.nlm.nih.gov/pubmed/27043593
https://doi.org/10.3390/ijerph13040383
https://www.ncbi.nlm.nih.gov/pubmed/35504084
https://doi.org/10.1016/j.socscimed.2022.114977
https://stefvanbuuren.name/fimd/index.html
https://doi.org/10.18637/jss.v045.i03
https://www.ncbi.nlm.nih.gov/pubmed/32255670
https://doi.org/10.1289/EHP5838
https://doi.org/10.1289/EHP5838
https://www.ncbi.nlm.nih.gov/pubmed/15579415
https://doi.org/10.1289/ehp.7199
https://doi.org/10.1289/ehp.7199
https://www.ncbi.nlm.nih.gov/pubmed/26219104
https://doi.org/10.1289/ehp.1509693
https://doi.org/10.1289/ehp.1509693
https://www.ncbi.nlm.nih.gov/pubmed/35473917
https://doi.org/10.1097/EDE.0000000000001496
https://www.ncbi.nlm.nih.gov/pubmed/15687057
https://doi.org/10.1289/ehp.7337
https://www.ncbi.nlm.nih.gov/pubmed/29880833
https://doi.org/10.1038/s41370-018-0043-z
https://www.ncbi.nlm.nih.gov/pubmed/25460670
https://doi.org/10.1016/j.envres.2014.09.009
https://doi.org/10.1016/j.envres.2014.09.009
https://www.ncbi.nlm.nih.gov/pubmed/34062395
https://doi.org/10.1016/j.envint.2021.106656
https://www.ncbi.nlm.nih.gov/pubmed/28426647
https://doi.org/10.1038/pr.2017.112
https://doi.org/10.1038/pr.2017.112
https://www.ncbi.nlm.nih.gov/pubmed/26313703
https://doi.org/10.1016/j.envint.2015.08.005
https://www.ncbi.nlm.nih.gov/pubmed/32113086
https://doi.org/10.1016/j.envint.2020.105496
https://www.ncbi.nlm.nih.gov/pubmed/21415029
https://doi.org/10.1093/aje/kwq472
https://doi.org/10.1093/aje/kwq472
https://www.ncbi.nlm.nih.gov/pubmed/36418665
https://doi.org/10.1007/s40572-022-00388-y
https://doi.org/10.1007/s40572-022-00388-y
https://www.ncbi.nlm.nih.gov/pubmed/19270051
https://doi.org/10.1093/aje/kwp015
https://www.ncbi.nlm.nih.gov/pubmed/29407762
https://doi.org/10.1016/j.envres.2018.01.025
https://www.ncbi.nlm.nih.gov/pubmed/28665274
https://doi.org/10.1289/EHP334
https://www.marchofdimes.org/report-card
https://www.marchofdimes.org/report-card
https://www.ncbi.nlm.nih.gov/pubmed/21301340
https://doi.org/10.1097/MOP.0b013e328344568f
https://www.ncbi.nlm.nih.gov/pubmed/30342887
https://doi.org/10.1016/j.annepidem.2018.09.007
https://www.ncbi.nlm.nih.gov/pubmed/19829187
https://doi.org/10.1097/EDE.0b013e3181bd5638
https://doi.org/10.1097/EDE.0b013e3181bd5638
https://www.ncbi.nlm.nih.gov/pubmed/19234395
https://doi.org/10.1097/EDE.0b013e31818ef366
https://doi.org/10.1097/EDE.0b013e31818ef366

59. Jackson JW, VanderWeele TJ. 2019. Intersectional decomposition analysis 79. Rudel RA, Gray JM, Engel CL, Rawsthorne TW, Dodson RE, Ackerman JM, et al.
with differential exposure, effects, and construct. Soc Sci Med 226:254-259, 2011. Food packaging and bisphenol A and bis(2-ethyhexyl) phthalate expo-
PMID: 30770131, https://doi.org/10.1016/j.socscimed.2019.01.033. sure: findings from a dietary intervention. Environ Health Perspect 119(7):914—

60. Helm JS, Nishioka M, Brody JG, Rudel RA, Dodson RE. 2018. Measurement of 920, PMID: 21450549, https://doi.org/10.1289/ehp.1003170.
endocrine disrupting and asthma-associated chemicals in hair products used 80. Sathyanarayana S, Alcedo G, Saelens BE, Zhou C, Dills RL, Yu J, et al. 2013.
by Black women. Environ Res 165:448-458, PMID: 29705122, https://doi.org/10. Unexpected results in a randomized dietary trial to reduce phthalate and
1016/j.envres.2018.03.030. bisphenol A exposures. J Expo Sci Environ Epidemiol 23(4):378-384, PMID:

61. Collins HN, Johnson PI, Calderon NM, Clark PY, Gillis AD, Le AM, et al. 2021. 23443238, https://doi.org/10.1038/jes.2013.9.

Differences in personal care product use by race/ethnicity among women in 81. Hutter H-P, Kundi M, Hohenblum P, Scharf S, Shelton JF, Piegler K, et al. 2016.
California: implications for chemical exposures. J Expo Sci Environ Epidemiol Life without plastic: a family experiment and biomonitoring study. Environ Res
33(2):292-300, PMID: 34952926, https://doi.org/10.1038/s41370-021-00404-7. 150:639-644, PMID: 27235111, https://doi.org/10.1016/j.envres.2016.05.028.

62. Buckley JP, Kim H, Wong E, Rebholz CM. 2019. Ultra-processed food consump- 82. Consumer Product Safety Commission. 2017. 16 C.F.R. Part 1307: Prohibition of
tion and exposure to phthalates and bisphenols in the US National Health and Children’s Toys and Child Care Articles Containing Specified Phthalates. Fed.
Nutrition Examination Survey, 2013-2014. Environ Int 131:105057, PMID: 31398592, Reg. 82(49982):74311-74314 (27 October 2017). Bethesda, MD: Consumer Product
https://doi.org/10.1016/j.envint.2019.105057. Safety Commission.

63. Payne-Sturges DC, Gee GC, Cory-Slechta DA. 2021. Confronting racism in environ- 83. Nudelman J. 2022. Modernization of Cosmetics Regulation Act of 2022 (MOCRA):
mental health sciences: moving the science forward for eliminating racial inequi- Section-by-Section Analysis. https://www.bcpp.org/wp-content/uploads/2023/01/
ties. Environ Health Perspect 129(5):55002, PMID: 33945300, https://doi.org/10.128%/ Cosmetic-Safety-Law-Reform_CSC-Section-by-Section-Analysis-1_10_23.pdf
EHP8186. [accessed 1 November 2022].

64. Preston EV, Chan M, Nozhenko K, Bellavia A, Grenon MC, Cantonwine DE, et al. 84. U.S. Food and Drug Administration. 2022. FDA Limits the Use of Certain
2021. Socioeconomic and racial/ethnic differences in use of endocrine- Phthalates in Food Packaging and Issues Request for Information about
disrupting chemical-associated personal care product categories among preg- Current Food Contact Uses and Safety Data. https://www.fda.gov/food/cfsan-
nant women. Environ Res 198:111212, PMID: 33957140, https://doi.org/10.1016/j. constituent-updates/fda-limits-use-certain-phthalates-food-packaging-and-issues-
envres.2021.111212. request-information-about-current-food [accessed 1 November 2022].

65. Fruh V, Preston EV, Quinn MR, Hacker MR, Wylie BJ, 0'Brien K, et al. 2022. 85. National Research Council. 2008. Phthalates and Cumulative Risk Assessment:
Urinary phthalate metabolite concentrations and personal care product use The Tasks Ahead. Washington, DC: The National Academies Press.
during pregnancy — Results of a pilot study. Sci Total Environ 835:155439, 86. Mitro SD, Chu MT, Dodson RE, Adamkiewicz G, Chie L, Brown FM, et al. 2019.
PMID: 35469886, https://doi.org/10.1016/j.scitotenv.2022.155439. Phthalate metabolite exposures among immigrants living in the United States:

66. Serrano SE, Karr CJ, Seixas NS, Nguyen RHN, Barrett ES, Janssen S, et al. findings from NHANES, 1999-2014. J Expo Sci Environ Epidemiol 29(1):71-82,
2014. Dietary phthalate exposure in pregnant women and the impact of con- PMID: 29572484, https://doi.org/10.1038/s41370-018-0029-x.
sumer practices. Int J Environ Res Public Health 11(6):6193-6215, PMID: 87. Kwapong YA, Boakye E, Obisesan OH, Shah LM, Ogunwole SM, Hays AG, et al.
24927036, https://doi.org/10.3390/ijerph110606193. 2022. Nativity-related disparities in preterm birth and cardiovascular risk in a mul-

67. Moubarac JC, Parra DC, Cannon G, Monteiro CA. 2014. Food classification sys- tiracial U.S. cohort. Am J Prev Med 62(6):885-894, PMID: 35597568, https://doi.org/
tems based on food processing: significance and implications for policies and 10.1016/j.amepre.2021.12.027.
actions: a systematic literature review and assessment. Curr Obes Rep 88. Nguyen KH, Lew KP, Trivedi AN. 2022. Trends in collection of disaggregated
3(2):256-272, PMID: 26626606, https://doi.org/10.1007/s13679-014-0092-0. Asian American, Native Hawaiian, and Pacific Islander data: opportunities in

68. Juul F, Parekh N, Martinez-Steele E, Monteiro CA, Chang VW. 2022. Ultra- federal health surveys. Am J Public Health 112(10):1429-1435, PMID: 35952328,
processed food consumption among US adults from 2001 to 2018. Am J Clin https://doi.org/10.2105/AJPH.2022.306969.

Nutr 115(1):211-221, PMID: 34647997, https://doi.org/10.1093/ajcn/ngab305. 89. Shah NS, Kandula NR. 2020. Addressing Asian American misrepresentation

69. Fryar CD, Hughes JP, Herrick KA, Ahluwalia N. 2018. Fast food consumption and underrepresentation in research. Ethn Dis 30(3):513-516, PMID: 32742157,
among adults in the United States, 2013-2016. NCHS Data Brief (322):1-8, https://doi.org/10.18865/ed.30.3.513.

PMID: 30312154. 90. Thoma ME, Drew LB, Hirai AH, Kim TY, Fenelon A, Shenassa ED. 2019. Black-

70. Koch HM, Calafat AM. 2009. Human body burdens of chemicals used in plastic White disparities in preterm birth: geographic, social, and health determinants.
manufacture. Philos Trans R Soc Lond B Biol Sci 364(1526):2063-2078, PMID: Am J Prev Med 57(5):675-686, PMID: 31561920, https://doi.org/10.1016/j.amepre.
19528056, https://doi.org/10.1098/rsth.2008.0208. 2019.07.007.

71. Block JP, Scribner RA, DeSalvo KB. 2004. Fast food, race/ethnicity, and 91. Raz R, Kioumourtzoglou MA, Weisskopf MG. 2018. Live-birth bias and observed
income: a geographic analysis. Am J Prev Med 27(3):211-217, PMID: 15450633, associations between air pollution and autism. Am J Epidemiol 187(11):2292—
https://doi.org/10.1016/j.amepre.2004.06.007. 2296, PMID: 30099488, https://doi.org/10.1093/aje/kwy172.

72. Larson NI, Story MT, Nelson MC. 2009. Neighborhood environments: disparities 92. Ferguson KK, Chin HB. 2017. Environmental chemicals and preterm birth: bio-
in access to healthy foods in the U.S. Am J Prev Med 36(1):74-81, PMID: logical mechanisms and the state of the science. Curr Epidemiol Rep 4(1):56—
18977112, https://doi.org/10.1016/j.amepre.2008.09.025. 71, PMID: 28944158, https://doi.org/10.1007/s40471-017-0099-7.

73. Barrett ES, Velez M, Qiu X, Chen SR. 2015. Reducing prenatal phthalate expo- 93. Ghosh R, Causey K, Burkart K, Wozniak S, Cohen A, Brauer M. 2021. Correction:
sure through maternal dietary changes: results from a pilot study. Matern Child ambient and household PM2.5 pollution and adverse perinatal outcomes: a meta-
Health J 19(9):1936-1942, PMID: 25652062, https://doi.org/10.1007/s10995-015- regression and analysis of attributable global burden for 204 countries and territo-
1707-0. ries. PLoS Med 18(11):e1003852, PMID: 34727114, https:/doi.org/10.1371/journal.

74. Harley KG, Kogut K, Madrigal DS, Cardenas M, Vera IA, Meza-Alfaro G, et al. pmed.1003852.

2016. Reducing phthalate, paraben, and phenol exposure from personal care 94. Chersich MF, Pham MD, Areal A, Haghighi MM, Manyuchi A, Swift CP, et al.
products in adolescent girls: findings from the HERMOSA intervention study. 2020. Associations between high temperatures in pregnancy and risk of pre-
Environ Health Perspect 124(10):1600-1607, PMID: 26947464, https://doi.org/10. term birth, low birth weight, and stillbirths: systematic review and meta-
1289/ehp.1510514. analysis. BMJ 371:m3811, PMID: 33148618, https://doi.org/10.1136/bmj.m3811.

75. Zota AR, Singla V, Adamkiewicz G, Mitro SD, Dodson RE. 2017. Reducing chem- 95. Sun Y, Sheridan P, Laurent O, Li J, Sacks DA, Fischer H, et al. 2020.
ical exposures at home: opportunities for action. J Epidemiol Community Associations between green space and preterm birth: windows of susceptibil-
Health 71(9):937-940, PMID: 28756396, https://doi.org/10.1136/jech-2016-208676. ity and interaction with air pollution. Environ Int 142:105804, PMID: 32505016,

76. Engel SM, Patisaul HB, Brody C, Hauser R, Zota AR, Bennet DH, et al. 2021. https://doi.org/10.1016/j.envint.2020.105804.

Neurotoxicity of ortho-phthalates: recommendations for critical policy reforms 96. Shapiro GD, Fraser WD, Frasch MG, Seguin JR. 2013. Psychosocial stress in
to protect brain development in children. Am J Public Health 111(4):687-695, pregnancy and preterm birth: associations and mechanisms. J Perinat Med
PMID: 33600256, https://doi.org/10.2105/AJPH.2020.306014. 41(6):631-645, PMID: 24216160, https://doi.org/10.1515/jpm-2012-0295.

77. Xu S, Kwa M, Lohman ME, Evers-Meltzer R, Silverberg JI. 2017. Consumer 97. MacDonald LA, Waters TR, Napolitano PG, Goddard DE, Ryan MA, Nielsen P,
preferences, product characteristics, and potentially allergenic ingredients in et al. 2013. Clinical guidelines for occupational lifting in pregnancy: evidence
best-selling moisturizers. JAMA Dermatol 153(11):1099-1105, PMID: 28877310, summary and provisional recommendations. Am J Obstet Gynecol 209(2):80—
https://doi.org/10.1001/jamadermatol.2017.3046. 88, PMID: 23467051, https://doi.org/10.1016/j.ajog.2013.02.047.

78. Dodson RE, Nishioka M, Standley LJ, Perovich LJ, Brody JG, Rudel RA. 2012. 98. Cunningham SD, Lewis JB, Shebl FM, Boyd LM, Robinson MA, Grilo SA, et al.
Endocrine disruptors and asthma-associated chemicals in consumer products. 2019. Group prenatal care reduces risk of preterm birth and low birth weight: a
Environ Health Perspect 120(7):935-943, PMID: 22398195, https://doi.org/10.1289/ matched cohort study. J Womens Health (Larchmt 28(1):17-22, PMID: 30256700,
ehp.1104052. https://doi.org/10.1089/jwh.2017.6817.

Environmental Health Perspectives 127015-15 131(12) December 2023


https://www.ncbi.nlm.nih.gov/pubmed/30770131
https://doi.org/10.1016/j.socscimed.2019.01.033
https://www.ncbi.nlm.nih.gov/pubmed/29705122
https://doi.org/10.1016/j.envres.2018.03.030
https://doi.org/10.1016/j.envres.2018.03.030
https://www.ncbi.nlm.nih.gov/pubmed/34952926
https://doi.org/10.1038/s41370-021-00404-7
https://www.ncbi.nlm.nih.gov/pubmed/31398592
https://doi.org/10.1016/j.envint.2019.105057
https://www.ncbi.nlm.nih.gov/pubmed/33945300
https://doi.org/10.1289/EHP8186
https://doi.org/10.1289/EHP8186
https://www.ncbi.nlm.nih.gov/pubmed/33957140
https://doi.org/10.1016/j.envres.2021.111212
https://doi.org/10.1016/j.envres.2021.111212
https://www.ncbi.nlm.nih.gov/pubmed/35469886
https://doi.org/10.1016/j.scitotenv.2022.155439
https://www.ncbi.nlm.nih.gov/pubmed/24927036
https://doi.org/10.3390/ijerph110606193
https://www.ncbi.nlm.nih.gov/pubmed/26626606
https://doi.org/10.1007/s13679-014-0092-0
https://www.ncbi.nlm.nih.gov/pubmed/34647997
https://doi.org/10.1093/ajcn/nqab305
https://www.ncbi.nlm.nih.gov/pubmed/30312154
https://www.ncbi.nlm.nih.gov/pubmed/19528056
https://doi.org/10.1098/rstb.2008.0208
https://www.ncbi.nlm.nih.gov/pubmed/15450633
https://doi.org/10.1016/j.amepre.2004.06.007
https://www.ncbi.nlm.nih.gov/pubmed/18977112
https://doi.org/10.1016/j.amepre.2008.09.025
https://www.ncbi.nlm.nih.gov/pubmed/25652062
https://doi.org/10.1007/s10995-015-1707-0
https://doi.org/10.1007/s10995-015-1707-0
https://www.ncbi.nlm.nih.gov/pubmed/26947464
https://doi.org/10.1289/ehp.1510514
https://doi.org/10.1289/ehp.1510514
https://www.ncbi.nlm.nih.gov/pubmed/28756396
https://doi.org/10.1136/jech-2016-208676
https://www.ncbi.nlm.nih.gov/pubmed/33600256
https://doi.org/10.2105/AJPH.2020.306014
https://www.ncbi.nlm.nih.gov/pubmed/28877310
https://doi.org/10.1001/jamadermatol.2017.3046
https://www.ncbi.nlm.nih.gov/pubmed/22398195
https://doi.org/10.1289/ehp.1104052
https://doi.org/10.1289/ehp.1104052
https://www.ncbi.nlm.nih.gov/pubmed/21450549
https://doi.org/10.1289/ehp.1003170
https://www.ncbi.nlm.nih.gov/pubmed/23443238
https://doi.org/10.1038/jes.2013.9
https://www.ncbi.nlm.nih.gov/pubmed/27235111
https://doi.org/10.1016/j.envres.2016.05.028
https://www.bcpp.org/wp-content/uploads/2023/01/Cosmetic-Safety-Law-Reform_CSC-Section-by-Section-Analysis-1_10_23.pdf
https://www.bcpp.org/wp-content/uploads/2023/01/Cosmetic-Safety-Law-Reform_CSC-Section-by-Section-Analysis-1_10_23.pdf
https://www.fda.gov/food/cfsan-constituent-updates/fda-limits-use-certain-phthalates-food-packaging-and-issues-request-information-about-current-food
https://www.fda.gov/food/cfsan-constituent-updates/fda-limits-use-certain-phthalates-food-packaging-and-issues-request-information-about-current-food
https://www.fda.gov/food/cfsan-constituent-updates/fda-limits-use-certain-phthalates-food-packaging-and-issues-request-information-about-current-food
https://www.ncbi.nlm.nih.gov/pubmed/29572484
https://doi.org/10.1038/s41370-018-0029-x
https://www.ncbi.nlm.nih.gov/pubmed/35597568
https://doi.org/10.1016/j.amepre.2021.12.027
https://doi.org/10.1016/j.amepre.2021.12.027
https://www.ncbi.nlm.nih.gov/pubmed/35952328
https://doi.org/10.2105/AJPH.2022.306969
https://www.ncbi.nlm.nih.gov/pubmed/32742157
https://doi.org/10.18865/ed.30.3.513
https://www.ncbi.nlm.nih.gov/pubmed/31561920
https://doi.org/10.1016/j.amepre.2019.07.007
https://doi.org/10.1016/j.amepre.2019.07.007
https://www.ncbi.nlm.nih.gov/pubmed/30099488
https://doi.org/10.1093/aje/kwy172
https://www.ncbi.nlm.nih.gov/pubmed/28944158
https://doi.org/10.1007/s40471-017-0099-7
https://www.ncbi.nlm.nih.gov/pubmed/34727114
https://doi.org/10.1371/journal.pmed.1003852
https://doi.org/10.1371/journal.pmed.1003852
https://www.ncbi.nlm.nih.gov/pubmed/33148618
https://doi.org/10.1136/bmj.m3811
https://www.ncbi.nlm.nih.gov/pubmed/32505016
https://doi.org/10.1016/j.envint.2020.105804
https://www.ncbi.nlm.nih.gov/pubmed/24216160
https://doi.org/10.1515/jpm-2012-0295
https://www.ncbi.nlm.nih.gov/pubmed/23467051
https://doi.org/10.1016/j.ajog.2013.02.047
https://www.ncbi.nlm.nih.gov/pubmed/30256700
https://doi.org/10.1089/jwh.2017.6817

	Racial and Ethnic Disparities in Phthalate Exposure and Preterm Birth: A Pooled Study of Sixteen U.S. Cohorts
	Introduction
	Methods
	Study Design and Population
	Phthalate Exposure Assessment
	Statistical Analysis
	Disparities in urinary phthalate metabolite concentrations
	Hypothetical interventions to reduce phthalate exposure
	Heterogeneity in associations between phthalate metabolites and preterm birth by race and ethnicity


	Results
	Participant Demographics
	Disparities in Urinary Phthalate Metabolite Concentrations
	Hypothetical Interventions to Reduce the Mixture of Phthalate Metabolites
	Heterogeneity in associations between phthalate metabolites and preterm birth by race and ethnicity


	Discussion
	Conclusions
	Acknowledgments
	References


