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Endocrine disrupting chemicals (EDCs) can disrupt fetal developmental processes during pregnancy, leading to long-term adverse outcomes in
humans. A major source of exposure to EDCs, such as phthalates and bisphenols, is the food supply, primarily due to contamination from processing
and packaging. Therefore, this review aimed to 7) review food-monitoring sources of phthalates and bisphenols, and 2) evaluate methodologies and
provide future directions needed to establish EDC-limiting dietary recommendations in pregnancy. Using PubMed, 10 peer-reviewed studies were
found on dietary predictors of EDC exposure in pregnancy, and all were selected for review. Use of plastic containers in pregnancy was associated
with higher urinary phthalate metabolites, whereas canned food consumption was associated with higher urinary bisphenol A (BPA) concentrations.
Foods and dietary patterns associated with healthier food choices (e.g., organic/grown/raised/caught foods, folic acid supplements, vegetarianism)
were generally associated with lower urinary phthalate metabolite and BPA concentrations. Despite the many food-monitoring studies reporting
high BPA and phthalate concentrations in various foods, the designs of most studies described here were not sufficiently robust to consistently
detect associations of specific foods/food groups with phthalates and BPA. Given the limitations of currently available research, future studies
should incorporate more valid questionnaires to accurately assess dietary EDC exposure, strive for concurrent diet and exposure assessment, and
assess whether geographical and cultural differences modify associations of diet with gestational EDC exposures. Such progress will be critical for
developing dietary recommendations that ensure the safety and health of pregnant women. Adv Nutr 2019;10:803-815.
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Introduction

Many consumer products, including food contact materials,
contain phthalates and bisphenols, resulting in widespread
human exposure to these chemicals. Phthalates are diesters
of phthalic acid (1, 2) that are classified into 2 categories
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based on their molecular weight: high-molecular-weight ph-
thalates (highMWPs) and low-molecular-weight phthalates
(lowMWPs) (Table 1). HighMWPs are used as plasticizers
in polyvinyl chloride products to make plastics flexible for
building materials, medical devices, and food processing or
packaging (3-6), whereas lowMWPs are primarily used as
solvents, fixatives, and adhesives in personal care products
and cosmetics (3-5). Bisphenol A (BPA), and its replace-
ments bisphenol S (BPS) and bisphenol F (BPF), are used
to manufacture polycarbonate plastics and epoxy resins for
consumer and food product packaging, including canned
foods (4, 7-10).

Due to their short half-lives (<24 h), exposures to
phthalates and bisphenols are best characterized in urine
(compared with blood) (11). Upon exposure, phthalates,
specifically, are metabolized and excreted in urine, allowing
for approximation of exposure by measuring urinary
phthalate parent-specific metabolites (summarized in
Table 1). For example, di(2-ethylhexyl) phthalate (DEHP)
exposure is approximated by assessing the sum of its urinary
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TABLE 1

Compound
categorization

Parent compound
(name; abbreviation)

Metabolite (name; abbreviation)

Summary of reviewed phthalate parent compounds/metabolites, bisphenols, and their proposed sources’

Exposure sources

Mono
Mono!
Mono
Mono!

High-molecular-weight
phthalate

Di(2-ethylhexyl) phthalate;
DEHP

Di-isononyl phthalate; DiNP

Di-isodecyl phthalate; DiDP

Di-n-octyl phthalate;
DOP/DnOP

Benzylbutyl phthalate; BBzP

2-ethylhexyl) phthalate; mEHP
2-ethyl-5-hydroxyhexyl) phthalate; mEHHP
2-ethyl-5-oxohexyl) phthalate; mEOHP
2-ethyl-5-carboxypentyl) phthalate; mECPP

Mono-isononyl phthalate; mNP/miNP
Monooxononyl phthalate; mMONP
Monocarboxyoctyl phthalate; mCOP

Monocarboxynonyl phthalate; mCNP

Mono(3-carboxypropyl) phthalate; mCPP

Monobenzyl phthalate; mBzP

e PVC plastics

e Food packaging and processing
e Medical devices
e Pharmaceutical coatings
e Building materials
e PVC plastics

e Food packaging
e Building materials
e Car interiors

e Drinking straws

e PVC plastics

e Food packaging
e Building materials
e Car interiors

e Swimming pools
e PVC plastics

e Food packaging
e Building materials
o Adhesives

e PVC plastics

e Food packaging
e Car care products
e Some PCPs

Low-molecular-weight Diethyl phthalate; DEP

Monoethyl phthalate; mEP

e Fragrant PCPs: perfumes/colognes,

phthalate deodorants, soaps, shampoos, lotions
Di-n-butyl phthalate; Mono-n-butyl phthalate; mBP/mnBP e PCPs: nail polish, cosmetics
DBP/DnBP Mono-hydroxybutyl phthalate; mHBP e Printing inks
Di-iso-butyl phthalate; DiBP  Mono-isobutyl phthalate; miBP e Pharmaceutical coatings
Mono-hydroxyl-isobutyl phthalate; mHiBP e Insecticides
Bisphenol Bisphenol A; BPA e Polycarbonate plastics and epoxy

Bisphenol S; BPS

Bisphenol F; BPF

resins

e Food packaging: lining food cans,
beverage containers

e Plastic dinnerware

e Dental sealants

e Thermal receipts

TReferences for phthalates: (3-5); bisphenols: (4, 7). PCP, personal care product; PVC, polyvinyl chloride.

metabolites [mono(2-ethylhexyl) phthalate, mono(2-ethyl-
5-hydroxyhexyl) phthalate, mono(2-ethyl-5-carboxypentyl)
phthalate, and mono(2-ethyl-5-oxohexyl) phthalate],
whereas diethyl phthalate (DEP) exposure is approximated
by measuring its major urinary metabolite [monoethyl
phthalate (mEP)]. According to the 2013-2014 US NHANES,
most women of reproductive age (15-44 y of age) (12) have
urinary concentrations of these chemicals that are above
the laboratory levels of detection (phthalates: 88-100%;
BPA: 96%; BPS: 88%; BPF: 66%) (13). This is concerning,
because phthalates and bisphenols are known endocrine
disrupting chemicals (EDCs), associated with adverse health
outcomes, especially in pregnancy (14). EDCs can alter,
mimic, or disrupt the function of gestational hormones,
such as thyroid hormone, estrogens, and androgens (15-17),
making pregnancy especially sensitive to the actions of EDCs.
Human epidemiological studies have shown that prenatal
exposure to EDCs, specifically phthalates and bisphenols,
is associated with adverse pregnancy (18, 19) and birth
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outcomes (20, 21), as well as childhood behavioral problems
(22, 23), respiratory problems (24, 25), and obesity (26, 27).
Diet is a ubiquitous source of chronic EDC exposure (28-
30), because these chemicals have been shown to migrate
from food contact materials (plastics, paper, metal, glass,
and printing inks) that protect food from physical damage
and microbial spoilage, thereby affecting human health (31).
Human exposure to EDCs from food can be attributed to
various factors, including animal feeding practices; food
production, processing, and packaging practices; as well as
food storage conditions (32).

Characterizing dietary sources of EDCs requires accurate
assessment of both EDC concentrations and dietary intake
history, and this aim is especially challenging during preg-
nancy. This is due to the many anatomical, physiological
(e.g., increased renal function), and metabolic changes (33,
34) that occur in pregnancy, as well as the numerous
pregnancy-related changes in dietary patterns, including
diet quality and quantity (35, 36). Despite these challenges,



characterizing dietary sources of these chemicals during
pregnancy is important, as recommendations are needed
to minimize exposure, while providing pregnant women
with accessible and nutritious foods necessary to sustain
a healthy pregnancy. To address these pregnancy-specific
challenges, the aims of this review are to I) briefly review
food-monitoring sources of phthalates and bisphenols in
the general population and 2) evaluate methodologies and
provide future directions to help establish EDC-limiting
dietary recommendations for pregnant women.

Methods

PubMed was searched using combinations of various key-
words including diet(ary) + pregnant or pregnancy + pre-
dictor(s) or variability or determinants or distribution + en-
docrine disruptors or EDCs or phthalate(s) or bisphenol(s)
or BPA. Studies were included if they assessed associations
of consumption of foods or dietary patterns with EDC
exposures in pregnancy. Based on our literature search,
only 10 pregnancy cohort studies have evaluated dietary
predictors of EDC exposures [summarized in Table 2; (37-
46)]. Briefly, the 10 studies recruited >26 participants from
2003 to 2014; 6 cohorts were from the United States/Puerto
Rico, 2 from Spain, 1 from the Netherlands, and 1 from
Australia. The following chemicals were assessed in these
studies: highMWPs [DEHP, di-isononyl phthalate (DiNP),
di-isodecyl phthalate (DiDP), di-n-octyl phthalate (DOP),
and benzylbutyl phthalate (BBzP)], lowMWPs [DEP, di-n-
butyl phthalate (DBP), and di-iso-butyl phthalate (DiBP)],
BPA, BPS, and BPE One study investigated associations
of foods with urinary paraben, benzophenone-3, triclosan,
2,4-dichlorophenol, and 2,5-dichlorophenol concentrations
(37), but this review focuses on phthalates and bisphenols
because diet is not a major source of exposure to these other
chemicals (4, 7,47, 48). The food categories in Supplemental
Tables 1 and 2 were selected after abstracting all foods
or dietary patterns from the 10 studies, and collapsing
them across categories that were common to several studies
(when possible). Additional subcategories were created when
packaging or processing information was available for the
same food item. For example, several studies reported on
fish intake, but these studies assessed either general seafood
intake, canned fish intake, or fish intake (unspecified type).

Current Status of Knowledge

Food-monitoring studies are performed worldwide to eval-
uate the safety of foods and dietary patterns, including
assessing exposures to environmental chemicals through
certain dietary practices. These studies are performed by
government agencies, as well as independent laboratories
around the world. For example, the US FDA has ongoing
food-monitoring programs such as the Total Diet Study
(TDS) and the Chemical Contaminants Monitoring Program
to examine the safety of foods on the US market (49).
Through these programs, the FDA collects information
about consumer food preparation and consumption practices
(TDS), as well as the potential exposure to and risk of

chemical contaminants found in the US food supply (TDS
and Chemical Contaminants Monitoring Program) (49).
Similarly, the European Food Safety Authority carries out risk
assessments and food-monitoring studies within the Euro-
pean Union to determine the safety of chemical contaminants
in foods consumed by humans and animals (50). However,
many of these government food-monitoring programs have
not assessed concentrations of phthalates and bisphenols
in foods. Therefore, the food-monitoring studies assessing
exposure to phthalates and bisphenols from the food supply
(reviewed below) were conducted by independent laborato-
ries around the world. The goal of these food-monitoring
studies was to evaluate the potential for human exposure to
phthalates and bisphenols through food by capturing dietary
habits from various countries, including the United States,
Canada, United Kingdom, France, Spain, Norway, Belgium,
Tunisia, Israel, China, and Japan. There are extensive reviews
in the literature summarizing food-monitoring studies that
measured phthalate and BPA concentrations in foods (5, 51),
and some of the results from these reviews and additional
food-monitoring studies are summarized below.

Food-Monitoring Studies

Meat

Foods of animal origin, including beef, pork, and poultry,
are major sources of highMWPs and BPA from processing
and packaging (52), partially because highMWPs, and to
a lesser extent lowMWPs, are slightly lipophilic and can
bioaccumulate in fat-containing foods (53). International
food-monitoring studies consistently report high detectable
concentrations of highMWPs (especially DEHP) and BPA
in meat and meat products (5, 54-59). Food-monitoring
studies have also reported low, but detectable, concentrations
of lowMWPs [compared with highMWPs (5)] in meat and
meat products, suggesting that meats may also be important
sources of DEP, DBP, and DiBP (54, 55).

Seafood

Numerous food-monitoring studies from the United King-
dom, Norway, Belgium, China, and the United States have
reported detectable concentrations of phthalates and BPA
in seafood products (54-56, 60). Similarly to other foods
packaged in plastics (6, 54) and cans (59, 61), these food-
monitoring studies also suggest that food packaging materi-
als contribute to phthalate and BPA concentrations detected
in seafood products. A study in Spain found that 34.7% of
Spanish pregnant women reported consuming canned fish
>1-3 times/wk, making it the most frequently consumed
canned food in this population and a major source of BPA
during pregnancy (62).

Fruits and vegetables

Fruit and vegetable consumption is considered a measure
of healthier lifestyles associated with lower EDC exposures
(59, 63). Food-monitoring studies from Belgium, France,
China, and the United States report low concentrations

Dietary phthalates and bisphenols in pregnancy 805
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of both highMWPs and lowMWPs in fruit and vegetable
products, suggesting low likelihood for phthalate exposure
from these foods (55-57, 64, 65). However, 1 study has shown
that exposure to highMWPs and lowMWPs in vegetables
primarily comes from ready-to-eat vegetables (e.g., lettuce,
arugula, parsley, carrot, and corn salad) packaged in plastic
bags (66). BPA food-monitoring studies from Norway,
Canada, and the United States suggest that canned fruits and
vegetables, rather than fresh, are major exposure sources (59,
67), and that overall concentrations of BPA in noncanned
fruits and vegetables are relatively low (54, 58, 68).

Dairy products

Milk, yogurt, cheese, ice cream, and butter can be high
in fats, making it possible for phthalates to accumulate
in these foods (53). Analyses of milk in Belgium found
higher concentrations of highMWPs (DEHP and BBzP) and
lowMWPs (DBP and DiBP) in milk retail products than in
raw cow milk, suggesting that phthalates can migrate into raw
cow milk from contaminated feed ingested by cows, during
the mechanical milking process, and/or from milk packaging
materials used at the dairy factory (69). Food-monitoring
studies reported detectable concentrations of DEHP in select
cheese samples from Canada (1), DEHP/DiNP/DOP in milk
and cheese from Norway (54), DEHP/DOP/BBzP in milk
and other dairy from the United States (56), DEHP in
milk and dairy products from Belgium (55), and BBzP in
milk, butter/oil, and yogurt from Tunisia (70). In contrast,
Norwegian and US food-monitoring studies reported low or
undetectable concentrations of lowMWPs in milk and milk
products (5, 54-56).

Similarly to highMWPs, BPA has also been detected in
milk and dairy products. In Europe, higher BPA concentra-
tions were found in canned milk and dairy products than in
uncanned products (European Food Safety Authority) (71).
The BPA concentrations in European dairy are consistent
with those from China (72), Canada (59), and Japan (73).
Detectable BPA concentrations were also found in dairy
products (milk, ultra-fresh dairy products, and cheese)
consumed by French pregnant women (74), suggesting that
these are important sources of BPA exposure in pregnancy.

Fast food

Food-monitoring and epidemiological studies suggest that
fast food and/or foods served at restaurants are likely sources
of phthalate and BPA exposures (5, 53). Although phthalates
and bisphenols could leach into foods during processing,
they have also been shown to migrate into foods from
packaging, including pizza boxes or sandwich wrappers (75).
A food-monitoring study in Canada reported detectable
concentrations of BPA in some fast-food products (French
fries, hamburgers, and sandwiches), but not others (pizza
and chicken nuggets), and concluded that hamburgers had
the highest BPA concentrations of all fast foods assessed
(59). An assessment of fast food intake in the general US
population (NHANES 2005-2014) found that, compared
with nonconsumers, both low and high consumers of food

away from home had significantly higher concentrations
of urinary sum of di(2-ethylhexyl) phthalate metabolites
(sum-DEHPs) and monocarboxyoctyl phthalate [but not
mBzP (monobenzyl phthalate), mEP, mBP (mono-n-butyl
phthalate), or miBP (mono-isobutyl phthalate) (76)]. A
similar study further analyzed fast food consumption in the
US population by food group and found that fast-food grain,
including pizza, intake was associated with urinary sum-
DEHPs and sum of di-isononyl phthalate metabolites (sum-
DiNPs), whereas potato chip and hamburger intakes were
associated with higher urinary sum-DEHPs and sum-DiNPs
(77).

Organic and environmentally friendly food and dietary
patterns

Organic, chemical-free, and environmentally friendly foods
are generally considered markers of healthier lifestyles, but
associations of these dietary patterns with EDC exposures are
not well characterized. Although the literature is limited, a
dietary intervention that focused on exclusive consumption
of fresh and organic foods for 3 d found that urinary DEHP
metabolite concentrations decreased by 53-56% and urinary
BPA concentrations decreased by 66% from pre- to during-
intervention. However, foods provided to and prepared by
these participants were from plastic-free packaging and
nonplastic containers (52), making it difficult to determine
if the decreases in urinary chemical concentrations were due
to the foods’ organic status or their packaging/preparation
materials. Similarly, residents of a rural vegetarian/vegan
community in Israel had significantly lower urinary phthalate
metabolite concentrations, but BPA concentrations in these
individuals were not different from those in the general
Israeli population (78). However, a US dietary intervention
with fresh and organic foods prepared without plastics found
significantly higher urinary DEHP metabolites after the
intervention, which was due to increased intake of certain
foods (e.g., spices and peanut butter) (79).

Plastic containers and tableware

Both phthalates and BPA are used to manufacture plastics
for food storage and cooking containers (4). Data suggest
that these are important sources of human EDC exposure,
because these EDCs can migrate from plastic containers and
tableware into foods and beverages, especially during heating
and cooling (5, 62). For phthalates, migration levels of DBP
were higher with prolonged plastic container use and longer
heating time (80), and high concentrations of DEHP and
DBP were found in plastic tableware at room temperature
(81). BPA, however, migrates from reusable polycarbonate
plastic water bottles into water at room and high temper-
atures (82), and the use of polycarbonate water bottles has
been shown to increase urinary BPA concentrations (83),
especially during the hot summer months (84).

Canned foods and beverages

BPA is used to manufacture polycarbonate and epoxy resins
for metal can linings and is detectable in a variety of
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canned foods (54, 59, 85-87). A study characterizing dietary
BPA exposure in the French population (including pregnant
women) identified that canned products accounted for ~50%
of total BPA exposure (74). Phthalates are generally found in
plastic food packaging materials, so their concentrations in
canned products are low, but detectable (54).

Dietary Predictors of Phthalates and Bisphenols
in Pregnancy

Figure 1 summarizes potential sources of phthalates and
bisphenols from food packaging materials and consumer
food practices. As previously mentioned, both diet and
physiology are greatly modified in pregnancy (33-36). Thus,
despite the many food-monitoring studies assessing dietary
sources of phthalates and BPA in the general public, studies
specifically in pregnancy are important for establishing
dietary recommendations for this vulnerable population.
In the 10 studies reviewed here, urinary concentrations
of phthalates and bisphenols in women from US studies
were comparable to those of women in the general US
population [using data from the 2013-2014 NHANES (2)].
The studies performed outside the United States recruited
cohorts to reflect their individual populations, suggesting
that exposures described in these studies likely repre-
sent the general population of each country. Overall, in
pregnancy, associations between use of plastic containers
and increased urinary phthalate metabolite concentrations,
and between consumption of canned foods and increased
urinary BPA concentrations were consistent with previous
food-monitoring studies. Foods and dietary patterns as-
sociated with a healthier lifestyle, such as organic foods,
grown/raised/caught foods, vegetarianism, and folic acid
supplementation, as well as some other dietary patterns and
foods, including soups and bouillon, spices, and grains, were
generally associated with lower urinary phthalate metabolite
and bisphenol concentrations in pregnant women. However,
despite the many food-monitoring studies reporting high
phthalate and BPA concentrations in meats and dairy, the
designs of most studies in pregnant women were unable
to reliably detect associations of specific foods/food groups
with phthalates and BPA. Some of the differences and
inconsistencies in study design are highlighted in Table 2 and
will be discussed in the following sections.

Measuring urinary phthalates and bisphenols

Some technical/analytical factors may be important to con-
sider when evaluating currently available studies in pregnant
women. First, the analytical methodologies vary slightly
among the 10 studies reviewed here (Table 2), and additional
studies may be needed to determine whether unifying these
methods would eliminate reported inconsistencies between
studies. Another important technical consideration when
using urine to assess chemical exposures is establishing
appropriate methods to account for urine dilution across
participants. In the studies reviewed here, 2 studies did not
adjust for urinary dilution, whereas 5 adjusted for creatinine
and 3 adjusted for specific gravity (Table 2). Urinary density
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can vary greatly across pregnancy and depending on hydra-
tion status, therefore raw values of phthalate and bisphenol
concentrations need to be adjusted for some measure of urine
density. Furthermore, it has been suggested that creatinine
in pregnancy is affected by pregnancy-related fluid dilution,
making specific gravity adjustment a more accurate approach
in pregnant women (88).

Evaluating exposure to phthalates and bisphenols

Most studies in pregnant women reviewed here included
analyses of phthalates and bisphenols, but classification of
these chemicals often varied across studies. For example,
findings for associations between milk consumption and uri-
nary mBP (metabolite of DBP) in pregnancy were conflict-
ing. One study reported that the sum of di-n-butyl phthalate
metabolite concentrations (composed of mBP, miBP, mono-
hydroxybutyl phthalate, and mono-hydroxyl-isobutyl phtha-
late) was negatively associated with milk consumption (37),
whereas other studies found no association (41) or a positive
association (40) between milk consumption and urinary
mBP, and no association with urinary miBP (40, 41). Similar
examples were also observed for sum or individual measures
of other phthalates and bisphenols (Table 2 and Supplemental
Tables 1 and 2), which suggests that classifying chemicals
into their predicted exposure sources (parent chemicals)
may yield differing results compared with assessment of
individual breakdown metabolites.

Studies in pregnant women report low reproducibility and
sensitivity of urinary phthalate metabolites and bisphenols
across pregnancy (89-93). To overcome this challenge,
several of the studies reviewed here collected 2 (39, 40, 44)
or even 3 (41, 45) urine samples across pregnancy to evaluate
gestational exposure to bisphenols and phthalates. Assessing
these relations at multiple times in pregnancy may be critical
to account for some of the physiological and dietary shifts
that occur in early compared with late pregnancy. However,
aligning the timing of exposure assessment in relation to
diet may be more important to accurately and consistently
predict dietary sources of chemical exposure. Based on the
current review of the literature, only 1 study accurately
captured dietary sources of phthalates and bisphenols (41),
as it assessed chemical exposure within 48 h of the dietary
report, whereas other studies used surveys that assessed
much broader windows of dietary intakes. This appears to
be a critical difference in study design, as many observations
differed between this study and others. For example, in
1 study, milk consumption assessed by a 3-mo FFQ was
associated with increased urinary mBzP concentrations (40),
whereas mBzP assessed within 48 h of dietary assessment was
not associated with milk consumption (41). Similarly, higher
cheese consumption was associated with lower urinary mBzP
(41) when assessed within 48 h of the dietary survey, whereas
no associations were reported with urinary mBzP in a study
assessing diet using a 3-mo dietary questionnaire (40). Given
that the study assessing chemical exposure within 48 h of the
dietary report was limited to women in northern Puerto Rico,
future studies in other pregnant populations should expand
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on findings from this study by assessing chemical exposure
at multiple times across pregnancy and within 24-48 h of
dietary assessment.

Assessing diet in pregnancy

Dietary patterns are most often assessed using FFQs, which
are inexpensive, easy to use, and validated to reflect long-
term dietary intake patterns in pregnant populations (94, 95).
Because FFQs and other similar questionnaires are designed
to assess dietary intake of nutrients, not chemicals in food,
they may not accurately predict dietary sources of phthalate
and BPA exposure. Especially problematic is that information
collected from these questionnaires spans weeks or months,
whereas the short half-lives of EDCs mean that urinary expo-
sure assessment reflects their concentrations within (often)
24 h of assessment. Based on the aforementioned examples,
assessment of diet within ~24 h of exposure assessment will
be the most appropriate approach for quantifying dietary
sources of phthalates, bisphenols, and other environmental
chemicals that have relatively short half-lives.

The other critical factor to consider when evaluating
currently available studies in pregnancy is the broad range
of dietary surveys used in these studies (Table 2). First, many
studies utilized exceedingly general categories of various food
types. Examples of this include using the vague category of
“processed meat” (37), the term “seafood” (37, 38, 43) to refer
to all types of fish or shellfish, the combined analysis of all
“fruits and vegetables” (43), and the overly broad analysis
of “fast food” (43) without specifying the food item or
restaurant category. These general categories make it difficult
to establish patterns of chemical exposures from specific
foods, and to ultimately provide pregnant women with

specific recommendations as they make food-purchasing
decisions.

More importantly, many studies reviewed here acknowl-
edged that their dietary surveys were unable to distinguish
between various categories of food packaging, including
fresh, frozen, or packaged foods. For example, in the Infancia
y Medio Ambiente Project, first- and second-trimester
consumption of canned fish was associated with higher
urinary BPA concentrations (39), whereas 2 other studies
found no associations between fresh, frozen, or uncanned
fish consumption and urinary BPA (39, 45). BPA is used to
manufacture polycarbonate and epoxy resins for metal can
linings and is detectable in a variety of canned foods (54, 59,
85-87), so observations of higher BPA concentrations with
consumption of canned (but not other) fish are consistent
with food-monitoring studies. However, several other studies
assessed seafood or fish intake with BPA, but the dietary
questionnaires in these studies did not distinguish between
fresh or canned fish, making it difficult to conclusively
interpret these findings (37, 38, 44). Future studies should
utilize dietary questionnaires that robustly assess both diet
and the mode of food packaging/preparation by asking
specifically about how each food item was packaged (e.g.,
fresh, canned, plastic, glass) and prepared (e.g., microwaved,
steamed in plastic or glass).

Considering demographic and lifestyle factors

Another major challenge for establishing dietary correlates
of EDC exposure are the cultural differences in both dietary
intake and chemical production/food packaging. For exam-
ple, associations of meat and dairy intake with phthalates
and bisphenols differed greatly between pregnancy studies
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in the contiguous United States, Puerto Rico, and Spain.
These differences likely reflect variability in the types and
amounts of meats/dairy foods consumed in these cultures,
and how these foods are processed/packaged. Although it
is important to establish generalizable recommendations
for pregnant women, these cultural differences may require
culturally sensitive recommendations.

Most studies reviewed here acknowledged that many
of the unexpected associations observed between some
particular EDCs and foods may be due to other concomitant
lifestyle factors. Here, and in other pregnancy cohorts, these
factors included maternal age, race/ethnicity, country of
origin, prepregnancy BMI, marital status, education, employ-
ment status, annual income, and personal care/household
product use (37-41, 43-45, 90-93, 96). For example, mEP
concentrations were higher in pregnant women who used
bottled water for cooking 48 h before exposure assessment
than in women who used the public water supply (41).
Given that DEP (mEP’s parent compound) is primarily found
in personal care products, the authors of this study (41)
suggest that the positive association between bottled water
use and mEP is unrelated to use of plastics, and could be
explained by higher urinary mEP concentrations in women
reporting use of perfume/cologne and colored cosmetics. In
addition to carefully controlling for other important lifestyle
factors in statistical models, if dietary questionnaires fail to
capture cultural or geographic differences in food packaging
or processing, future studies may need to investigate these
factors as modifiers of food—exposure relations. For example,
annual income or employment status may affect seafood
choices. Therefore, although no overall associations may be
observed between fish consumption and phthalate exposure,
positive associations are possible in low-income groups that
tend to consume canned or packaged fish, but not in higher-
income women who tend to eat fresh or unpackaged fish.

Conclusion

Maternal diet is an established determinant of a healthy
pregnancy and fetal outcomes. Phthalates and BPA are
known to affect pregnancy and fetal development, and the
10 studies reviewed here suggest that certain dietary compo-
nents or patterns are important sources of BPA, highMWPs,
and lowMWPs in pregnancy. However, consistencies in
observed associations between studies were limited to long-
term lifestyle choices, including those related to home food
preparation (use of plastics to store, prepare, and heat foods)
and choices of food types (canned, organic). Several well-
designed studies in nonpregnant populations do suggest that
changing dietary behaviors can limit exposure to phthalates
and bisphenols. For example, a dietary intervention of
5 families in the United States (n = 20) found significant
reductions in urinary BPA and DEHP metabolites after
limited consumption of foods packaged and prepared in
plastics and cans, and increased concentrations of these
chemicals with resumption of packaged food consumption
(52). Furthermore, a strict 48-h fasting study of 5 indi-
viduals from Germany observed significant reductions in
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urinary highMWPs from prefast to postfast, whereas urinary
lowMWP concentrations stayed consistent throughout the
study (97). These findings suggest that addressing the
inconsistencies in study designs among the pregnancy studies
described here could provide valuable insight for establishing
specific EDC-limiting dietary recommendations to improve
pregnancy and fetal outcomes.
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