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Abstract

Pregnant women are exposed to various chemicals, including endocrine-disrupting chemicals
(EDCs) such as phthalates and bisphenols. Increasing evidence suggests that early life exposures
to phthalates and bisphenols may contribute to cardiometabolic risks. The aim of this narrative
review was to summarize current knowledge of the effects of fetal and childhood exposure to
phthalates and bisphenols on child growth and child cardiometabolic outcomes and the effects on
maternal outcomes. In total, 54 studies were identified and included. The majority of studies found
effects of phthalates and bisphenols on maternal, child growth, and cardiometabolic outcomes.
Currently results suggest that early life exposure to phthalates and bisphenols may have a
substantial influence on perinatal and postnatal cardiometabolic programming. In a large part of
the investigated outcomes studies show contradictory results. However, the majority of the existing
evidence is based on non-cohort studies with single samples neglecting time-variant effects and
complicating conclusions regarding causal inference. More studies are needed investigating the
mechanisms and its potential interactions.
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Introduction

Pregnant women are exposed to a variety of chemicals,[1, 2] including endocrine-disrupting
chemicals (EDCs) such as phthalates and bisphenols.[3-6] Increasing evidence suggests that
early life exposures to phthalates and bisphenols may contribute to the burden of
cardiovascular and metabolic disease in western countries. Recent work suggests that these
exposures may be costly. Health care costs of obesity and diabetes attributable to adult
phthalate and bisphenol exposure in Europe is in the order of €17 billion annually.[7] Insofar
as prenatal and childhood exposures may even be more impactful, the costs of
cardiometabolic conditions due to these exposures may be higher.

In this narrative review, we summarize current knowledge of the effects of fetal and
childhood exposure to phthalates and bisphenols on child growth and child cardiometabolic
outcomes. Additionally, we summarize the effects of phthalate and bisphenol exposure on
maternal outcomes.

Phthalates and Bisphenols

Phthalates are synthetic chemical esters of phthalic acid that are widely used in a variety of
consumer products to impart flexibility, pliability and elasticity to plastics and therefore
known as “plasticizers”.[8] Phthalates can be classified in two groups. Low molecular
weight (LMW) phthalates (e.g. di-methyl phthalate (DMP), di-ethyl phthalate (DEP), di-n-
butyl phthalate (DBP)) are frequently added to personal care products as aerosol delivery
agents, emollients, to impart flexibility in nail polishes, and to retain scent.[9] High
molecular weight (HMW) phthalates (e.g. di-2-ethylhexylphthalate (DEHP), di-
isononylphthalate (DiNP), di-isodecylphthalate (DiDP), di-n-octylphthalate (DnOP),
butylbenzyl phthalate (BBzP)) are used as plasticizers to impart flexibility in vinyl plastics
(e.g. polyvinyl chloride plastics (PVC)) for diverse applications including flooring, medical
devices and food packaging.[10] In the category of HMW phthalates, di-2-
ethylhexylphthalate (DEHP) is of particular interest, considering many food packaging
methods include the use of plastics containing DEHP.[11] However, the last few years DiNP
and DiDP have replaced DEHP to a great extent, mainly due to governmental embargoes.
[12]

Bisphenol A (BPA) is used to produce polycarbonate plastics and epoxy resins used in
various consumer products, including the lining of metal cans, toys and water pipes.[13] The
last few years, bisphenol A has been substituted by synthetic bisphenol analogues like
bisphenol F (BPF) and bisphenol S (BPS), which has been determined in various food
items[14]. BPS has been found as well in paper and paper products, including currency bills.
[15]

Routes of Exposure and Metabolism

Phthalates are non-covalently bound to many plastics, creating a large risk for release into
the environment over time.[9] Phthalates are generally lipophilic[16] and have short
biological half-lives (less than 24h), undergoing hydrolysis and sometimes oxidation before

Reprod Toxicol. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Philips et al.

Page 3

glucuronidation or sulfation before excretion into urine of feces, but it can be measured as
well in blood and breast milk.[9] A portion of the unconjugated (free) monoester and/or its
secondary metabolites may also be directly excreted in urine.[17] The primary routes of
exposure to phthalates are ingestion, salivary absorption, inhalation, intravenous, and
transdermal. Depending on the route of exposure, the chemical is distributed into various
body parts based on vascular blood supply and affinity, which in turn may lead to a
difference in bioavailability. Ingested chemicals often undergo a first-pass effect, entering
the liver through the hepatic portal system for metabolization, which reduces bioavailability.
Following inhalation, salivary absorption, intravenous, and transdermal exposure this first-
pass effect is initially bypassed, provoking a higher bioavailability.[18]

Population based studies often use urine as a measurement for exposure to phthalates
because it is noninvasive and notwithstanding the short biological half-life it may reasonably
reflect the exposure in the last several weeks or even months.[18, 19] The majority of the
population based studies using urinary phthalate concentrations measured the concentration
of the free plus glucuronidated species of phthalate metabolites, together being the total
concentration. However, the free metabolite concentrations are less stable over time than the
total metabolite concentration, suggesting free metabolite concentrations are not a useful
indicator of metabolic susceptibility. Time of collection is an important factor that must be
taken into account, since concentrations of metabolites vary during the day as a result of
timing of exposure.[17]

Various products containing polycarbonate plastics and epoxy resins have been studied to
obtain more knowledge on bisphenol leaching. Regarding polycarbonate plastics, different
results have been obtained on the effects of washing and heating on BPA leaching, although
all studies found leaching. Several studies have been performed that found that heating
temperature had a significant effect on BPA leaching from metallic coated food cans.[13]

Studies investigating the metabolism of BPS and BPF are lacking. Concerning BPA it is
known that after ingestion BPA undergoes a first-pass metabolism in the gastrointestinal
tract and liver consisting of glucuronidation and, to a lesser extent, sulfation metabolizing
BPA to bisphenol A monoglucuronide (BPAG) and bisphenol A sulphate (BPAS) for
approximately 98%. In plasma, more than 90% of BPA is bound, depending on the route of
exposure. Exposure through inhalation and skin absorption have been reported as important
routes of exposure, as unconjugated bisphenols might circulate longer in the plasma, while
ingested bisphenols undergo the first-pass metabolism.[20, 21] However, it has been
reported that UDP-glucuronosyltransferase (UGT) enzymes found in the airways exhibit a
high activity towards bisphenols.[21] Both BPAG and BPAS are excreted in urine within 5-7
hours after oral administration.[20, 22] BPA penetrates and accumulates in the human
placenta, with higher levels of BPA in the placenta compared to maternal and fetal plasma.
[23] In a rat-study, BPF residues have been detected in the uterus, placenta, amniotic fluid,
and fetuses, with comparable higher levels of BPF in the (intra)uterine compartment
compared to maternal blood.[24]

Biomonitoring studies have observed high plasma concentrations not consistent with the
observation of an extensive first-pass metabolism of oral BPA. However, concentrations of
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urinary BPA tend to be much higher than serum concentrations. It has been hypothesized
that these relatively high concentrations both in plasma and urine could be explained by
sublingual absorption, bypassing the first-pass metabolism.[25] While another study has
suggested that this hypothesis does not hold, the contradictory study is beset by critical
differences in site of blood collection and volume of urinary output that actually support
sublingual absorption as a substantial contributor to exposure.[22, 25]

A potentially important role in metabolism with a large effect on bioavailability is reserved
for the human microbiome. The microbiome comprises the residential microbes humans are
colonized by and there is a broad interindividual variation. Several bacterial species possess
B-glucuronidases and B-glucuronides, enzymes involved in deconjugation and conjugation.
Depending on the composition of the microbiome, phthalates and bisphenols could be
conjugated or deconjugated after enterohepatic circulation, resulting in a smaller or larger
exposure to unconjugated chemicals, respectively.[26, 27]

Potential Mechanisms of Effect

Hydrolysed phthalate metabolites have been shown to penetrate the human placenta.[28] In
vitro studies demonstrated that several commercially used phthalates may bind to estrogen
receptor alpha (ERa.), having a weak estrogenic activity,[29, 30] and to androgen receptors
(ARs), having a strong anti-androgen activity.[31, 32]

Another potential mechanism is by activation of nuclear transcription factor peroxisome
proliferator-activated receptors (PPARs). PPAR-gamma (PPARy), expressed predominantly
in adipose tissue and to a lesser extent the macrophage and liver, acts as regulator for
adipocyte differentiation, lipid metabolism and reduces inflammation resulting in improved
insulin sensitization.[33, 34] However, despite potential benefits, PPAR~y agonists have been
shown to cause adverse effects regarding increased lipid accumulation and release of
adipocyte-related hormones leading to an increased susceptibility for the development of
obesity.[35] Several phthalates have been shown to be PPARYy activators, causing
obesogenic effects.[34-37] PPARs form heterodimers with the retinoid X receptors (RXRS),
binding together on the target DNA and thereby activating the expression of downstream
genes. Therefore, RXRs have the same targets as PPARs. Many common phthalates have
been shown to bind to RXRs.[37] Likewise, oxidative stress is a potential mechanism for
phthalate effects. In a prospective cohort study of pregnant women all urinary phthalates
were associated with increased oxidative stress markers.[38]

The potential mechanisms of action from bisphenols resemble those from phthalates to a
great extent. Studies regarding the mechanism of action from BPF and BPS are scarce.
Bisphenols are weak xenoestrogens binding to estrogen receptors (ER) and the G-protein-
coupled receptor 30 (GPR30) in its unconjugated form, with greater binding affinity to ERB
compared to ERa., considering a 100 to 10.000-fold lower relative binding affinity of
bisphenols to ERs compared to estradiol (E2).[20, 39, 40] However, findings suggest that
BPA is equally potent as E2 and it is suggested that this results from actions through non-
genomic pathways and disruption of steroidogenesis.[13, 20, 41] BPF and BPA have been
reported to increase the level of 17B-estradiol. BPF appears to be even more potent than
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BPA, given the higher concentrations of 17p-estradiol after exposure of H295R human
adrenocortical carcinoma cell line to BPF.

Like phthalates, bisphenols have anti-androgen capacities, binding to ARs.[31, 39] A
decrease in free testosterone level is reported when exposed to bisphenols, in the order BPF
> BPS > BPA. Since the binding affinity of BPS to the AR is low, the testosterone effect of
BPS seems to be androgen receptor independent.[39, 42] Both BPS and BPF increased
progesterone levels, BPA and BPS decreased cortisol levels, and BPF increased cortisol
levels. [42]

Similar to phthalates, BPA appears to induce an activation of PPARa and possibly to a
smaller extent a weak activation of PPARy, causing obesogenic effects.[34, 35, 37] Besides
the binding to PPARs, also BPA binds to RXRs with more affinity to RXRs.[37] Likewise,
oxidative stress is a potential mechanism for BPA effects. The same Puerto Rican
prospective cohort study describing the association between phthalates during pregnancy
and oxidative stress markers found a significant association between urinary BPA and
oxidative stress markers in pregnant women.[43] An in vitro study showed oxidative stress
effects from BPS and BPF.[42] Furthermore, BPA has been reported to have nitrosative
stressor effects and effects on free fatty acids (FFASs). Oxidative stress and imbalances in
FFAs are known mediators of tissue specific insulin resistance and inflammation.[44]

Adverse metabolic outcomes could also be hypothesized by interaction of phthalates and
bisphenols with the adipocytokines leptin and adiponectin. Adiponectin and leptin are
adipocyte-produced hormones having a role in metabolic regulation and function. In adults,
leptin inhibits appetite, stimulates thermogenesis, enhances fatty acid oxidation, decreases
glucose, and reduces body weight and fat. Paradoxically, leptin levels increase in obesity.
[45] Meanwhile, in adults low adiponectin levels have been associated with insulin
resistance, dyslipidemia, atherosclerosis, and metabolic syndrome.[45, 46] An overview of
the potential mechanisms of effect is shown in Figure 1.

Maternal Pregnancy Outcomes

Two studies investigated the effect of phthalates and BPA on the time to pregnancy. A
Canadian pregnancy cohort found no association between first trimester phthalates or BPA
and recalled time to pregnancy.[47] Meanwhile, a preconceptional cohort study exploring
the effects of phthalates and BPA on fertility in the both men and women in the United
States found several phthalates to be associated with longer time to pregnancy in males,
while other phthalates were associated with shorter time to pregnancy in females. Neither
male nor female BPA concentration was associated with time to pregnancy.[48] Two human
studies have pointed out that a higher level of BPA was associated with (recurrent)
aneuploidy and euploid miscarriages.[49, 50]

During pregnancy maternal glucose levels increase to provide adequate nutrition for fetal
growth and development. Two studies investigated the effect of phthalates and BPA on
maternal glucose levels and gestational diabetes mellitus (GMD).[51, 52] Neither phthalates
nor BPA was associated with increased maternal glucose levels or GMD. However, a small
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cohort study of pregnant women found that women in the highest tertile of urinary MiBP
and MBzP had lower blood glucose levels at time of the routine GMD screening compared
to women in the lowest concentration tertile.[52] A Japanese study investigated the effect of
DEHP on maternal triglycerides and fatty acid levels, detecting an inverse association
between maternal serum MEHP concentrations and triglyceride and fatty acid levels during
pregnancy. These findings could have implications for fetal health. The growth and
development of the fetus and its organs depend on a sufficient supply of nutrients including
fatty acids and lipids crossing the placenta, determining birth outcomes. However, in this
particular study no effect on fetal growth was observed.[53]

Only one study explored the association with preeclampsia, investigating differences in the
distribution of BPA between maternal, placental and fetal compartments. This small case-
control study reported that preeclamptic women have significantly higher concentrations of
BPA in placental tissue compared to normotensive pregnant women, while concentrations of
BPA in maternal serum and cord blood did not differ significantly. Accordingly, BPA was
equally distributed between maternal, placental and fetal compartments in the normotensive
group, while preeclamptic women showed an unequal distribution with a high level of BPA
in the placental compartment.[54]

Overall, the amount of studies for the separate outcome measures is limited. However, the
presented outcomes suggest potential adverse effects of phthalates and bisphenols on
fecundity, miscarriages, and preeclampsia. There are no studies reporting on pregnancy
induced hypertension or HELLP syndrome. An overview of the included studies including
outcomes, strengths and weaknesses is given in Table 1. Study characteristics and results of
all included studies separately are shown in Supplementary Table 1.

Fetal Outcomes

In addition, the same mechanisms that affect maternal outcomes may also affect fetal
outcomes. Phthalates have been investigated more thoroughly for their effects on
prematurity compared to bisphenols. Nine studies explored the relationship between prenatal
phthalate exposure and prematurity. In contrast to our hypothesis, two of these studies found
a positive association between phthalate exposure and gestational age at delivery, reporting
an increase of only one or two days to the gestational age at birth due to higher levels of
phthalates. Both studies measured phthalates in urinary samples in the beginning of the third
trimester.[55, 56] A French small prospective cohort study found no association of
dibutylphthalate and its main metabolite monobutylphthalate in cord blood and breast milk
with length of gestation.[57] The remaining six studies found a significant association
between a higher exposure to phthalates and reduced gestational age at time of birth.[58-63]
Two of these studies performed the measurements of exposure in cord blood samples.[58,
61] Of the remaining four studies with phthalate measurements performed in urinary
samples, one found a significant reduction in gestational age which only remained in male
infants after analysis was stratified for gender. Unfortunately, the timing of urinary sample
collection was not specified.[63] Two included studies consist of the same birth cohort with
up to four urinary samples during pregnancy investigating the overall relationship with
prematurity and windows of vulnerability for spontaneous and placental preterm birth,

Reprod Toxicol. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Philips et al.

Page 7

respectively. Both studies report that the odds of preterm birth compared to term birth are
1.3-1.5 times higher for children prenatally exposed to high levels of phthalates compared to
children exposed to lower levels of phthalates.[59, 60] One of these studies revealed that
spontaneous and placental preterm birth, defined as delivery with presentation of
preeclampsia or intrauterine growth restriction, had different sensitivity windows of
exposure to phthalates during pregnancy. Spontaneous preterm birth, defined as delivery
with presentation of spontaneous labor of preterm premature rupture of membranes, showed
to be significantly associated with higher phthalate metabolite concentrations measured at
the beginning of the third trimester, while placental preterm birth was associated with higher
phthalate metabolite concentrations measured during the first trimester.[60]

Regarding bisphenols, all four studies presented in this review examined only BPA and its
relationship with prematurity.[56, 63-65] Three of these studies associated higher urinary
BPA levels, mainly measured during third trimester, with a significant reduction in
gestational age at time of birth of one to four days.[63-65] As for phthalates the gestational
age reduction remained only significant in male infants in one of these pregnancy cohorts.
[63] The remaining study on bisphenols found no relationship between BPA with gestational
age at time of birth.[56]

The association of phthalates and bisphenols with fetal growth is explored with 7 studies
reporting on phthalates and 7 studies on bisphenols, including the already presented results
from the Japanese study investigating also fetal nutrients during pregnancy displaying no
association between DEHP and fetal growth.[53] With respect to phthalates, of the
remaining 6 studies, 4 all Chinese studies found that a higher exposure to phthalates was
significantly related with reduced body size measures at birth.[58, 66-68] A cohort study
among 207 women reported a reduction in birth weight of 15-139 grams per natural log
increase in phthalate concentrations.[58] One of these studies also displayed a negative
association between phthalates and DNA methylation in the human placenta, suggesting
placental methylation as a possible mediator of the relationship between phthalates and birth
measurements.[67] Contrasting with our hypothesis, two studies found positive associations
between phthalates and fetal head circumference at time of birth.[56, 57]

Of the studies on BPA, 4 studies found no association between BPA and body size measures
at birth.[56, 64, 69, 70] Two studies found higher BPA levels to be associated with decreased
body size measures at birth.[71, 72] In a subset of the Dutch Generation R study fetal weight
and head circumference were significantly decreased per unit increase in creatinine
corrected BPA among women with three urinary BPA measurements during pregnancy.
Children born to women in second highest exposure group had an average decrease of 683
grams birth weight. This relationship progressively attenuated among women with fewer
BPA measurements.[72] On the contrary, a Korean multi-center birth cohort study found a
higher creatinine corrected urinary BPA levels during third trimester to be associated with
and increased birth weight in male neonates and increased ponderal index in female
neonates.[73]

Hence, the majority of studies show mostly negative effects of phthalates and negative or no
effects of BPA on gestational age and body size measures at birth. No studies have explored
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the other bisphenols besides BPA. An overview of the included studies is given in Table 1.
Details of all described studies are represented in Supplementary Table 1.

Childhood Outcomes

Phthalates and bisphenols have been reported to have an influence on childhood growth. All
three studies exploring the relationship between prenatal phthalates and childhood growth
discovered different results in males and females, predominantly resulting in negative
associations with growth in males.[74-76] An extensive Spanish birth cohort reported that
the molar sum of first and third trimester urinary HMW phthalates was significantly
associated with reduced weight gain z-score in the first 6 months in boys and
nonsignificantly with lower BMI z-scores in boys at any age (measured until 7 years of age).
Meanwhile, in girls the molar sum of first and third trimester HMW phthalates was
nonsignificantly associated with higher BMI z-scores.[76]

Two out of 4 studies reported that a higher level of prenatal BPA exposure was associated
with an increase in several childhood growth parameters in preschoolers, including BMI z-
score, weight and waist circumference.[69, 77] The remaining two studies showed prenatal
BPA exposure to be related to a lower postnatal BMI in preschool till mid-childhood aged
girls, not boys.[6, 78] After subdivision in prepubertal and pubertal girls, only in prepubertal
girls prenatal BPA exposure remained negatively associated with BMI z-score and waist
circumference.[6]

In total, 18 studies investigated the influence of exposure to phthalates and bisphenols during
childhood on childhood growth. Five out of nine studies found childhood exposure to
phthalates to be associated with increased growth parameters in mid-childhood till
adolescence, including obesity indices consisting of subscapular skinfold thickness, BMI,
hip- and waist circumference.[79-83] Four of these studies reported different effects in males
and females, suggesting sex to be an effect modifier.[79-82] Also ethnicity is a potential
modifier of effects. A cross-sectional analysis of the 2003-2008 NHANES data showed an
increase in overweight and obesity among non-Hispanic blacks related to childhood
phthalate exposure, while among other ethnic groups no significant associations have been
found.[83] Two studies found childhood phthalate exposure to be associated with reduced
mid-childhood growth measures, including BMI, fat mass, waist circumference, BSA,
weight and height.[75, 84] The two remaining studies found no relationship between
childhood phthalate exposure and preschool till adolescent growth, defined as a BMI >85t
and >95™ percentile, respectively.[85, 86]

Eleven studies examined the relationship between levels of BPA in childhood and growth, of
which 2 studies did not find any relationship between BPA and preschool till mid-childhood
growth measures, including weight, height, waist circumference and BMI.[87, 88] The
earlier mentioned HOME study found two-sided outcomes: exposure early in childhood to
higher levels of BPA was associated with a lower BMI at the age of two. However, their
BMI slopes increased more rapidly between 2 and 5 years of age.[78] Six studies showed
that higher BPA levels in childhood were associated with increased growth parameters,
including BMI, waist circumference, waist-to-height ratio, hip circumference and body fat.
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[6, 89-93] Measurements are obtained over the whole age spectrum of childhood and
adolescence. Three of these studies were based on subsamples from the National Health and
Nutrition Examination Survey (NHANES) in the United States. Samples were not identical
as a result of heterogeneous inclusion criteria and outcome measures differed to a certain
extent. However, all examined the relationship with BMI.[90-92] Both sex and ethnicity
were shown to be potential effect modifiers of the relation between childhood exposure to
BPA and childhood growth parameters. In the NHANES data, childhood urinary BPA
concentrations were significantly associated with increased risks for obesity and increased
waist-to-height ratios among non-Hispanic white boys.[90-92] Contrastingly, a study of
Chinese schoolchildren found a significant association between childhood BPA exposure
and increased BMI and hip circumference in girls, but not in boys. However, it must be
noted that BPA concentrations were not adjusted for urinary dilution.[93] Two earlier
mentioned studies found childhood BPA exposure to be associated with reduced overweight
and obesity, respectively.[85, 86] One of these studies is the only study included in this
review investigating not only BPA but also BPS. However, no associations have been found
with BPS regarding growth measures.[86]

The aforementioned Spanish study showed that in girls the molar sum of prenatal exposure
to both HMW and LMW phthalates was significantly associated with lower systolic blood
pressure z-scores at 4 and 7 years of age. For both sexes there was a negative association
with diastolic blood pressure, but none of the associations reached the level of significance.
[76]

Four studies have examined childhood exposure to phthalates and bisphenols with respect to
cardiovascular outcomes. All studies, including 2 studies published on phthalates and 2
studies on BPA, confirmed the hypothesis that childhood exposure to phthalates and
bisphenols is associated with adverse cardiovascular outcomes in terms of increased blood
pressure and low-grade albuminuria in preschool till adolescent age.[87, 94-96] Details are
shown in Supplementary Table 1.

The relationship between childhood exposure to phthalates and bisphenols and childhood
metabolic outcomes has been explored in six studies. The majority of studies used the
homeostatic model assessment of insulin resistance (HOMA-IR) to assess insulin resistance
in which a HOMA-IR = 4.39 was defined as insulin resistance.[87, 88, 91, 97, 98] The
analysis of the 2003-2008 NHANES data showed HMW phthalate metabolites to be related
to a higher HOMA-IR in adolescents, which was mainly DEHP dependent. Adding BPA to
the model did not change the association.[97] A recent follow-up analysis of the 2009-2012
NHANES data confirmed this association and explored whether the newer DINP, a
replacement for DEHP, was also associated with increased insulin resistance. Also DINP
showed to be associated with an increased insulin resistance.[98] Further evidence on the
association with phthalates is lacking.

Three studies of BPA failed to find an association with childhood metabolic outcomes in
mid-childhood till adolescent age, including adipokines, insulin resistance, blood lipids,
insulin and glucose.[88, 91, 99] The earlier mentioned case study of obese children found a
significant mainly negative non-monotonic exposure-response relationship between BPA and
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fasting insulin and HOMA-IR in a case study of obese or overweight children aged 3-8
years. Unfortunately, BPA was not adjusted for urinary dilution in this analysis, which made
it difficult to estimate its adjusted effect.[87]

To conclude, the greater part of studies examined the association of phthalates and

bisphenols with growth, giving contradictory results. Sex, stage of puberty and ethnicity are

proposed as potential effect modifiers. An overview of the included studies is given in Table

1. Details of all described studies are represented in Supplementary Table 1.
Discussion

We identified many studies investigating potential effects of prenatal and childhood
phthalate and bisphenol exposure on growth and cardiometabolic risks. As presented
throughout the paragraphs, exposure to phthalates and bisphenols is believed to induce
pathways towards several adverse health effects. This conceptual model of mechanisms is
shown in Figure 2. In vitro studies showed that exposure to phthalates and bisphenols causes
hormonal disruption, epigenetic changes, oxidative and nitrosative stress. The effects could
be affected by the time of exposure, both during fetal life and childhood. Exposure during
fetal life may induce prematurity and low birth weight. Aside from the many
disadvantageous outcomes from premature birth, both premature birth and low birth weight
have been associated with cardiometabolic dysfunction, including overweight in adolescence
and adulthood, dyslipidemia, insulin resistance, endothelial and glomerular dysfunction.
[100-103] As shown before, exposure during childhood is associated with aberrant growth
patterns inducing overweight and obesity and early signs of cardiovascular and metabolic
dysfunction, including glomerular and endothelial dysfunction, increased blood pressure and
increased insulin resistance. Together with the earlier mentioned cellular changes both fetal
and childhood exposure to phthalates and bisphenols may give rise to an increased risk for
cardiovascular and metabolic disease in adulthood. As shown in the earlier paragraphs,
effects could be affected by the time of exposure, both during fetal life and childhood, as
well as by the sex and race of the child.

Little is known about the epigenetic changes phthalates and bisphenols can cause and what
mechanism lies behind it. The epigenetic effects of fetal BPA exposure were explored in
mouse models. This study showed that BPA induces DNA hypomethylation, while maternal
nutritional supplementation of methyl donors like folate negated the BPA-induced DNA
hypomethylation in the offspring.[104] This could be a major point of engagement, yet has
not been examined in humans. An in vitro study of human adipocytes from prepubertal non-
obese children investigated the effect of BPA on gene expression in adipocytes, disclosing an
increase in pro-inflammatory cytokines involved in the lipid metabolism and a decrease in a
gene involved in insulin production.[105] As mentioned in the mechanisms paragraph
phthalates and bisphenols are reported to interfere with PPARs and RXRs, potentially
causing epigenetic changes. RXRs form heterodimers using its nuclear receptor with all
members of the class 1 nuclear receptors, including PPARs, but also the vitamin D3 receptor
and the thyroid hormone receptor. Several drugs and mechanisms are claimed to interfere
with the nuclear receptor from RXRs.[106, 107] However, little is known about the
interaction mechanisms. Overall, very few studies have been investigating the mechanisms
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of phthalates and bisphenols combined with clinical outcomes in humans. More studies are
needed investigating mechanisms and potential.

This review shows several limitations in the present literature, especially regarding time of
exposure. One of the main limitations is the inconsistent exposure-response relationship in
almost all studies performed so far, causing non-differential misclassification of exposure
leading to underestimation of the effect. Only one study controlled for puberty, while the
degree of puberty could be an important modifier of effects. Only one study described in this
review investigated the effects of exposure to BPS, while all other studies only examined
BPA. Exposure to BPF has not been studied at all. As shown in the paragraph on maternal
pregnhancy outcomes, studies on maternal pregnancy outcomes are scarce, in particular
studies investigating the effect of phthalates. Studies investigating prenatal exposure to
phthalates and bisphenols and metabolic outcomes are lacking, just as studies investigating
prenatal exposure to bisphenols and childhood cardiovascular outcomes. The cardiovascular
effects of prenatal phthalates have only been examined in one study; therefore it is difficult
to draw conclusions. Adult studies on delayed effects of prenatal and childhood exposure to
phthalates and bisphenols are lacking. Due to the long effect latency this might be harder to
investigate.

In total, 54 studies are included in this review, of which the majority uses urinary samples to
estimate phthalate or bisphenol exposure. Eight cohort studies collected more than one urine
sample during pregnancy,[6, 59, 60, 72, 76-78, 99] of which 3 studies collected additionally
childhood urine samples.[6, 78, 99] Only three of these multi-sample studies during
pregnancy did not take the average of measured concentrations, but analyzed the samples
separately, trying to find windows of vulnerability.[6, 60, 99] An overview of the included
studies and their strengths and weaknesses is presented in Table 1.

Concluding, the human evidence for effects of these chemicals is suggested but limited by
methodological difficulties that complicate interpretation. However, an underestimation of
effect is most likely. Future studies should focus on also the newer phthalates and bisphenols
investigated in a distinct range of time with preferably multiple urine samples to reveal
windows of sensitivity for the various biomarkers of effect. When windows of sensitivity
during pregnancy would be uncovered, future parents could be informed through
preconceptional consults or in early pregnancy. Moreover, to gain a better understanding in
the effects, more studies are needed investigating the mechanisms and its potential
interactions preferably combined with clinical outcomes. Furthermore, to provide more
evidence on prolonged health effects epigenetics should be included in future studies in
order to guide evidence-based prevention of harmful exposures.
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Abbreviations

AR androgen receptor

BBzP butylbenzyl phthalate

BMI body mass index

BPA bisphenol A

BPAG bisphenol A monoglucuronide
BPAS bisphenol A sulphate

BPF bisphenol F

BPS bisphenol S
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DBP di-n-butyl phthalate

DEHP di-2-ethylhexylphthalate

DEP di-ethyl phthalate
DiDP di-isodecylphthalate
DiNP di-isononylphthalate
DnOP di-n-octylphthalate
DMP di-methyl phthalate

DOHaD Developmental Origins of Health and Disease

E2 estradiol

EDC endocrine disrupting chemical
ER estrogen receptor

FFA free fatty acid

GMD gestational diabetes mellitus
HDL high-density lipoprotein
HMW high molecular weight

HOMA-IR homeostatic model assessment of insulin resistance

IGF-1 insulin-like growth factor 1
LMW low molecular weight
MiBP mono-isobutyl phthalate
MBzP monobenzyl phthalate

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

NHANES National Health and Nutrition Examination Survey

PPAR peroxisome proliterator-activated receptor
PVC polyvinyl chloride plastics

RXR retinoid X receptor

UGT UDP-glucuronosyltransferase
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Highlights
. Early exposure to bisphenols and phthalates may have a great influence on
health
. In a large part of the investigated outcomes studies show contradictory results
. Most evidence is based on single sampling studies neglecting time-variant
effects
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Figure 1. Potential mechanisms of effect
ERa.: estrogen receptor alpha ; ERB: estrogen receptor beta ; E2: estradiol ; AR : androgen

receptor ; T/DHT: testosterone / dihydrotestosterone ; PPAR: peroxisome proliferator-
activated receptors ; RXR: retinoid X receptors ; FFA: free fatty acids.

Reprod Toxicol. Author manuscript; available in PMC 2018 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Philips et al.

Page 22
'g 'g [ Phthalates
s 2 32 Bisphenols
S o
5 F ¢
< 4
w o —
© <\""'l Time of exposure
.
3 =  Epigenetic changes (PPARs, RXRs,
g g DNA hypomethylation)
2 © . .
g a =  Hormonal disruption (estrogen,
S androgen, cortisol)
g =  Oxidative and nitrosative stress
w l
m
< E
= 9 =  Prematurity
@ § =  Low birth weight
g2 o
S 9 ¢ )
- 2 % '.9_, = Inflammation =  Lipid accumulation
,_T, g k] 8 =  Endothelial dysfunction = |nsulin resistance
w O £ 2o .
5 ] =  Glomerular dysfunction
22 R
S &
£3
g _g = Hypertension = Obesity
S g = Cardiovascular disease =  Type 2 Diabetes
)
=y 'g = Atherosclerosis = Dyslipidemia
Figure 2.

Exposure to phthalates and bisphenols is believed to induce pathways towards several
adverse health effects, including epigenetic changes, hormonal disruption, oxidative and
nitrosative stress. Effects could be affected by the time of exposure, both during fetal life and
childhood. Fetal exposure has been linked with prematurity and low birth weight. Childhood
exposure has been associated with early signs of cardiovascular and metabolic dysfunction.
Both prematurity and low birth weight have also been associated with cardiometabolic
dysfunction. Therefore, both fetal and childhood exposure may give rise to an increased risk
of cardiovascular and metabolic disease in adulthood.

Reprod Toxicol. Author manuscript; available in PMC 2018 March 01.



Page 23

Philips et al.

painsesw dH3N pue dH3A
Ajuo spioe Aney pue sapliadA|bin
Buipaebal ‘sajdwries poojq

Bulusaios NSO
aunnoJ Jo awn 1e
s|ana] asoan|h poojq
J3MO] peY dzdIN

yum Apnis T ‘ajdwes auo AjuQ M pue 4giiN Aleunn [e5-TG]sIone] p1oe
Burdwes Jo awn ay} noge 10 8|18 1s8ybiy [eg]481s8WILI PUOIBS Aney pue sapluadA|brn
a1eIndde a)inb ‘salpnis L0yl Z :S 3y} Ul UBWOAN annebaN [zs]uersawiny 15414 [eslete [2slz. sarefeyiyd ‘as0on|f poojq [eudalen
[05‘617] sabelLeasiw
projdna
pue Apiojdnaue
sajdwes Areurn jo peaisul sajdwes | (qualindal) pue vdg
poojq ‘Apnis [013U02-85e9 T AN | O [9A8] BY) UBaMISq
papnjoul saberireasiw jo ABojona uolreldosse aanisod
umouun Ajuo ‘Apms 110yod TS | & punoy saIpnis yiog aAIISOd [0g-6v]1e1s8WL1Y 15114 [oclos [6v]1STT vdg [05-6v]¥is1a aberseasiN
[8v]
‘Aoueubaid 01 swn
pue vdg usamisg
SUOITRII0SSE
Bep paj[edal uo paseq Apnis HoOYod 0uU punoy Uoyod
B Ul SISAJeue aAdadsoal T i\ Jeuondaouodaid v
Safewsy pue safew yioq [217] Aoueubaid
paJojdxa Apnis feuondaouosaid 0} aW1} paj[edal pue
3y} ‘uonnyip Areunn Joy Vdg Ja1saWL 1siy
paisnipe sajdwies Areutin ‘papnjoxa | UaMIBQ UOILIDOSSE [8t]uoisnjoul
Anjuais/Anjiuagur yum sajdnod 0U punoy Uoyod Jeuondaouodald
‘Apmis 110yod [euondaouodald T :s AKoueuBaid suo 1IN [2v]1a1sawin 1s114 [sv]t0s [2¥]T00Z vdg
[81] sarewsy
ur Aoueubaid
0} w1} Jaloys
U} pajeldosse
alam sarefeyyyd
1ay10 8j1Iym
‘sajew ui Aoueubaid
01 awn Jabuoj
UM pajeldosse
aq 03 sayefeyiyd
[J9ASS puUNoy 1oyod
"eJep paj|edal uo paseq Apnis 10Yod Jeuondasuodaid
® Ul SISAJeue aAnoadsoslal T i\ v [2v]Aoueubaid
Sa[eLa) pue sajew yioq 0] aWi) paj[edal
paJojdxa Apnis jeuondaouodaid pue sarefeyiyd
ay} ‘uonnyip Areunn Joy Ja)sawy 1s11y
paisnipe sajdwes Areuun ‘papnjoxa | Usamiag UOIIRIJOSSE [87]uoisnjoul
Anjuais/Anjisgul yum sejdnod 0OU punoy Uoyod JInu / aA1rebau Jeuondasuodald [8p-
‘Apn1s 110yo2 [euondaduodaid T :S Aoueubaid sup / 3AIIS0d [2¥]18150WL13 35414 [8¥1T0S [2¥]T002 sale|eyyd J¥]Aoueubaid 01 swi)
SINODLNO ADNVNOIHd TVYNHILVIN
(M) sassauseapn/(S) s1ybuaais awoaN0 SUOITRIJ0SSY ainsodxa Jo awi| azis ajdwes | sjouaydsiq 1o/pue sareeyiyd awodN0

Author Manuscript

T alqeL

Author Manuscript

aWw001N0 13d SaIPNIS PapNjoul 3yl JO MBIAISAQ

Author Manuscript

Author Manuscript

available in PMC 2018 March 01.

Reprod Toxicol. Author manuscript



Page 24

Philips et al.

uonewnss abe

Jeuonelsab uo uorewLiogul payodal
sa1pnis o Aofew ayy ‘uonnip

10} 21921109 || pasn sajdues
Areunn Ajurew ‘saipnis 10yo9 wo.y

UOIIBID0SSE SIY) 3UO
ur yorym 4o [g9-€9]
uononpal abe
leuoneisab pue vdg
USBMIBQ UOIIRIO0SS.
Jueoliubis e

[7olA1enijap a10eg
[£9]paiyi0ads 10u wis)

[s9]o9

$19SQNS J0 SAIPNIS LOYOI IV :S |  PUNOJ SaIpms sauy L aneBau Ajuren | [G9'9gheisawn payL | [9]296 [€9]z2 [9slvoy vdg
[95 ‘sg]Asenjep
1e abe Jeuonelseh
pue ainsodxa
arefeyyd usamiag
pasn sanseaw aWwoINo uorea1102 annsod
SNOLIeA ‘paly1oads Jou Apnis auo | e punoy Salpnis om}
ur awn Burdwes ‘swi peoiq Jono | pue [g5] uoieidosse
uaxe} uayo Burjdwes ‘Burjdwes ou punoj Apnis auo
ajdnnw saipms z AJuo M [e9-85]"Asanijop [e9]paiioads Jou wis
uonewnss | wuaeid Jo uonanpal [09-65]Aoueubaid
abe Jeuoirelsah uo uomewIOLUI abe jeuoneisab pue JaN0 sa|duwres Ino4
pauodal saipnis Jo Aulofew ainsodxa ayefeyiyd [19'85'25]po0|q p10d [eolzL
3y} ‘uonN|Ip J0j Pa19a.I0d [[e pasn | UBMIBQ UOIBII0SSE J0 wnyedisod Ajuoys [zolo9 [19]v8 [09]z8Y
sa|dwes Areunin Ajurew ‘saipnis ueoyubls [z9'9]asawin payL [65]esy [85]L02 [s9-g5Iurig
10y09 (Louy s19sqns) ||V 'S | punoy saIpnis XIS annefau Ajurey [geliasawinisng | [26]98 [95]v0v [SGlesz sarelelyd Te abe [euoneIss
S3INODLNO VL34
[ys]Apueayiubis
JayIp j0u pip poo|q
pJ0J pue WnJas
Ul SUOIRIIUSIUOD
Aym
‘uswom jueubaid
anIsualoWIou
0} pasedwiod anssi
[ejuaoeld ul vdg
painseaw dg Ajuo 10 SUOIBIIUBIUOD
‘sa|dwies Aseunn jo peajsul sajdwes Jaybiy Apueaisiubis
poojq ‘Apnis [0U02-3seD) AN aney UaWIOM poojq pJ0d [edljiqun
salsdoiq [ewuadeld :S anduwejosaid AAINSOd pue Alanljap alojeg 85 vdg [5] e1sdweosaid
[16]
‘punoy sem snjijjaw
a1dwes Areunin sajaqelp Jeuonelsah
auo Ajuo ‘Apnis [0U02-35eD M\ pue \/dg usamiag
Buijduwes Jo awil INOgE 87RINJIY S uoneroosse oN 1IN [telesawin pay L [tslve vdg
[es]
‘AoueuBaid Burinp
s|ana| p1oe Aney pue
apLIgdA|611} Jamo|
U} pajeloosse
91aM SUOITRIIUAIUOD
dH3IN
wnJas [eusdre [zs]
*8]11481 159MO] 3y} Ul
uswom 03 pasedwod
(M) sassaudieapn/(S) sybuaais awoInQo SUOITRIJ0SSY aansodxa Jo awi| azis ajdwes | sjouaydsiq 1o/pue sareeyiyd awodnN0

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2018 March 01.

Reprod Toxicol. Author manuscript



Page 25

Philips et al.

poo|q pJod yum Apmis

J8|[ews T ‘synsai ay} pabelane
g Ajaresedss syuswainseaw

ay1 asAjeue jou pip sajdwes
Areunn ajdinuw yum Apnis :m
uonnjip 1oy

pa1024109 sajdwes Aseurn ‘sajdures
pooyp|1yd ajdninw Ajjeuonippe
pPal99]]02 SaIpNIS 3y} O aUO
‘Buijdwres payeadal yum Apnis T
‘S91PNIS LI0YOI BI8M S3IPNIS [V S

U1 32UaJ3JWNIID
1SIem pue

SSew e} paonpai

B 0S|e punoy
SaIPNIS AU JO dUO
‘Alreuonippy ‘shoq
ut [INg padnpal
Y)IM paleIdosse

aq 01 sarefeyiyd

0} aInsodxa
|ereusald punoy
SaIpNIS 881y} ||V

ansod :spI9
anrebau :skog

[9/]se3sawinny panyy
9 1sd14 [/ eisowin
payL [2]pooiq piod

[os]16¢ [S2]vee [v2]68

saleleyiyd

[82-v2L
‘69‘9]aansodxa |ereuaud

"ol pooypIyD

SINODLNO AOOHATIHO

awn jo

polad peoiq e J3N0 UsYe} UsHOo Sem
yarym ‘ajdures auo Ajuo pajas||od
salpnis Jo Aluofew ayl M
sa|dwres 881y} 0} dn pa1oa||0a Apnis
auQ "UonN|Ip 1o} PalaLI0d sajdwes
Aleuin uo paseq ‘salpnis Hoyod
WoJJ S}8SgNS J0 Sa1pnis Uoyod
a1am sa1pnis o Awlofew ay] :S

[e]

'S3]eU0aU Sfeway

u1 xapul [esspuod
pue sajeuoau

afew ui ybiam yuig
pue \/dg usamisq
uoneloosse annisod
e punoy Apnis

auo [z2'T2lymag e
sainseaw azis Apoq
pue ainsodxs vdg
US3MI3Q UOITRII0SS.
anneBau e punoy
‘Aoueubaid Burinp
sjuslaInseaw

¢ 01 dn yum Apms
e Buipnjour ‘saipnis
om1 [02'69'v9'95]
"SUOITRII0SSE OU
punoy saIpnis Jno4

aniebau
Sjuswainseaw
pareadal yum
Apnis ‘|Inu Ajurepy

[z21Aoueubaid

18A0 sajdwies aaiy L
[t2]pooiq p10d [12
‘y9]A1ani|ap alogeg
[e2 ‘9g]umisauin
payL [02'69lsersawnn
puo2ss

[es]2¢2 [2l]6T2
[t2126 [02]oss [69]0zs
[#9]295 [9s]vor

vdd

awn

10 poiad peo.q e 1ano Uax el uayo
a1dwes ‘Burjdwes ajdnjnw oN A
uonn|ip 1o} paroaliod sajdwes
AJeunin uo paseq ‘salpnis HoOYod
WwoJ4 S18sgns Jo Sa1pnis Uoyod
alam sa1pnis Jo Allofew ay] S

[26'95]'yg

Je 80UBJBJWNIID
peay pue sajejeyyd
MIAIT usamiag
suolyeld0sse annisod
punoy saIpnis om|
[eg] suoneioosse

ou punoy Apnis auQ
[89-99'85] yuig

1e SaInseal azIs
Apog uo sarefeyyd
10 109448 anirebau

B puNoy SaIPNIs Ino4

annebau Ajurey

[89'85"25]p00|q p10d
1o wnyredisod Ajoys
[29'99°9G]ua1s8WL
payL

[eglum1s8WILI pUOIES

[89]toz [29]6TT
[99]9zT [85]202
[26]98 [9s]vov [es]8TE

sareleyiyd

[£2-99'v9'85-95'¢5]yniq
Je saunseaw azis Apog

pasn sainseau
aWO03IN0 SNOLIBA ‘paiy1oads Jou
Apnis auo ur swn Burdwes ‘swn
10 pouiad peolq e JaA0 Uael uslo
ajdwes ‘Burjdwes ajdninw oN M

[95]suoneioosse
ou punoj Apnis
auQ [g9]1opuab
10} uonEdIENS
J1a)e siueyul djeW
u1 paurewsal Ajuo

(M) sassaudieapn/(S) sybuaais

awoa1n0

SUOIRIN0SSY

24nsodxa Jo awi]

azis a|dwes

sjouaydsiq Jo/pue serejeyiyd

awoaln0

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2018 March 01.

Reprod Toxicol. Author manuscript



Page 26

Philips et al.

uonnjip

10} Pa19a1I09 a1am sajdwes |fe
‘sa|dwies pooypj1yd ajdinw yum
Apnis T yaym o sajdwries Areurin
Ppa198]102 salpnis papnjoul ||V S

B puUNO} SaIpNIs OM|
[98'58] 'suoneroosse
0ou punoy

salpms om1_ [£8-6/]
'sAog Ul punoy
Apueuiwopaid
‘32UaJ9JWNJIID
1s1em

pue-diy ‘ssauxIyy
plosuns Jejndeasgns
‘IINg Butpnjout
‘sigr9we.ed

yimouB pooyp|1yd
uo sarefeyyd 03
ainsodxa pooyp|1yd
10 1993 annisod

© punoy saIpnis Al

sAoq Joj 1sow

[£8'78'6/]eouadsslope
1112 pooyp(Iyd pIA
[s8'z8‘08]pooup1ud
PIA [#8]pooypiiyd
pIW [113 [00Y2s3Id
[5/]s18100y2s0.1d
[98]eouaassjope

113 s18]ppoL

[98]9, [s8]06 [78]st8
[e8]vssz [28].8€
[t8lesz [08le6y [62]
pay1oads 10N [S/]vee

sarelefiyd

[e6-82'G2'0]
ainsodxa pooyp|iyo
‘umoab pooypiyd

s}nsal ay} pabelane

g Ajaresedas syuswiainseaw

ay1 asAjeue jou pip sajdwes
Areunn ajdinuw yum saipms :m
Ja1sawi

AqQ siuawialnseaw ydg Jo} sasAjeue
Ananisuas pawoylad Apnis

3UO ‘uonN|Ip AJeuln 1o} pajoalIod
Apn1s auo Joy 1dadxa |[e ‘sajdures
pooypiyd ajdmnw Ajjeuonippe
Pa193]]09 S3IPNIS BU} JO OM)
‘sa|dwes Aoueubaid omy payds)|od
saIpnis € ‘sajdwies Areurn yum
S3IPNIS LI0Y0I BIaM SaIpNIs ||V :S

[22'60]'1Ng
puR 92U8I9JWINIIID
1srem ‘(queaiyiubis

10u) yBram paisn(pe
wBray Buipnjout
‘siajowesed

ymoub [esanas

uo ainsodxa vdg
lereuasd Jo 1089
anisod e papodal

‘skoq Jo Ajuo

Pa1ISISUOD BUO YIIYM
0 ‘sa1pn1s om|
[9]-e0uaI8jWIN2AD
1S1eM pue

1IN YUM pajeroosse
Alanirebau

paurewsl ainsodxa
vdg [eteusud sjnb
leuagndaid ui Ajuo
‘Salpnls asay JO

auo u1 abeys Auagnd
10} UOIBIILIIRNS
1ayv [82 ‘9] 'skoq
jou ‘s|IB Ul NG

U0 19343 aAIreBau

e pey ainsodxa
Vvdg [ereusid 1eyy
PaMOYS SaIPNIS OM].

aAIlefau / aA1ISOd

[2/]1@sewin piyy
1si14 [82'69]4a1s8WLy
puo2as [9lumsawin
puo23s 79 15114

[81]162
[22]20v [69]02s [9]20v

vdd

[9.]

|16 ur IINg Jaybiy
B UM pale1oosse
sem sarefeyiyd

0} ainsodxa [eyeua.d
SIPNIS 8} 40 BUO U]
[5/]'s1416 10U ‘sAoq

(M) sassaudieapn/(S) sybuaais

awoa1n0

SUOIRIN0SSY

24nsodxa Jo awi]

azis a|dwes

sjouaydsiq Jo/pue serejeyiyd

awoaln0

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2018 March 01.

Reprod Toxicol. Author manuscript



Page 27

Philips et al.

3W0JINO0 XSIJ JB[NISBAOIPIED
e se ainssaid poojq Ajuo ‘painseswu
sareeypyd Ajuo ‘sisAjeue ayy ut
pabelane alem sajdwres Areurin ;M\
uonnjip

Aseunn 1oy pa1oali09 sajdwres ‘dn
-MO| |0} 8]qeuoseal ‘sajdwes Areutn
[euJalew om) yum Apnis LIoyoD :S

ON "21025-Z aJnssald
poojq 21]01SAS Jamo|
UM pajeldosse
Apueaipiubis

alam sarefeyyyd
MIAT pue

MWWH 4iog Jo wins
Jejow ayp sj1b u|

annebaN

191SaLULY PIL 79 1S

[o/]T6g

sareleiyd

[92]pooupiya Burinp
painseaw sawoINo
‘aansodxa [ereusaad

YS11 JB |NdSenoIpaed

Sdd |ouaydsiq Jamau ay}

papnjoul osje Apnis auo ‘uonn|ip
10} Pa1231109 d1am sajdwes |[e
‘sa|dwes pooyp|1yd adinw yum
$81pNIS Z YdIym 4o sajdwies Areurin
Pa398]]02 SaIpNIS papn|aul ||V S

[98] punoy aiam
SUOI}RID0SSE OU Ing
‘Sdg parebnssaul
0os[e salpnis

asau Jo auo [98's8]
"IINE U Ydg 0}
aInsodxa pooyp1yd
U3aMIaq UOIRId0SSe
annebau e punoy
saipms om_ [gg'/8]
"SUOI}BII0SSE OU
punoy saIpnis om|
"S9Xas Ay} UsamIaq
30UBIBYIP Jed|d

oN [8/]abe jo sieak
G pue Z Usamiaq
Alpide. atow
paseaJoul sadojs
1ING Ing ‘omy Jo abe
ay1 1e |INg Jemo) e
YN Pa1eIdosse Sem
aInsodxa pooyp1yd
AlJea 1ey) punoy
Apmis auo [£6-68'9]
"90UBIBJWINAIID

diy pue

ones Jyb1ay-oy-isrem
‘IINgG Butpnjou
‘90Ud9sajope

1113 jooyosaid

wolj painseaw
sJa)aweled

UmmolB pooyp|iyd
uo vdd 01

ainsodxa pooyp|1ys
10 10943 annisod

B pUNOJ SBIPNIS XIS

Sdg

10} suOISN|oU0d
MEIP 0] 3UBPIAS
ybnous jou
‘aniisod Ajureiy

[z6-68]90uaosajope
111 pooyp|iyd

PIIA [88'58]pO0UP]IYD
PIN [£6'28]pooupiiyd
prui i jooyasaid
[98]eousassjope

111 s181ppoL

[e6]ozeT

[z6]o0zz [16]028€
[06]8e8z [68]652
[8g]os [28]6¢€ [98]9L
[s8loe [82]262 [9lz0v

Sdd vdd

[¥8's/1wbray

pue Jybiam ‘vsg
‘IINg ‘Butpnjout
‘UimoiB pooyp|iyd
-piw pue sarefeyyd
0} aInsodxa
pooyp|iyd usamiag
uo1eI0SSe aAlebau

(M) sassaudieapn/(S) sybuaais

awoa1n0

SUOIRIN0SSY

24nsodxa Jo awi]

azis a|dwes

sjouaydsiq Jo/pue serejeyiyd

awoaln0

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2018 March 01.

Reprod Toxicol. Author manuscript



Page 28

Philips et al.

Bundwes sjdnjnw oN M
aInseaw awodINo

Ue Se 8oUe)sISal uljnsul pasn
S3IPNIS |[e auo Joj 3dadxa ‘uonn|ip
Areunin 1o} pa1oaliod sajdwes
Areuin pajas)|09 sa1pnis |1V S

[66'T6'88] 'sewoaino
dljogeisw pooyp|iyo
pue \dg usamiaq
suoneldosse Aue
puiy j0u pip saipnis
331y L [28] uonnip
Aseunin 1oy paisnipe
j0U Ajgreunyiojun
‘30UBISISal Uljnsul
pue uinsui Bunsey
pue a1nsodxs Vdg
pooypjiyd ussmiaq
uoneId0Sse aAlefau
® pamoys Apnis auQ

linu Ajurey

[16]00U82s8|0pR
111 pooyp|iyd
PIN [66'88]pOOUPIIYD

PIA [28]pooypiiyd
pruw |1 jooyasaid

[66]88T
[t6]oz¢e¢ [88]o8 [28]6€

Vvd4

S3IPNIS [BUOIIBS-SSOID
yiog ‘Burdwes ajdinw oN A
uonnjip

Areunin 1o} pa1oaliod sajdwes
AleuIn uo paseq salpnis ylog :S

[86'26]

"90UeISISal Uljnsul
pue dNIQ Jamau

ay1 pue ‘dH3A
Aurew ‘ainsodxa
ajereyiyd MINH
pooypjiyd usamiaq
uoleldosse aanisod
B punoj saIpnis ylog

9ANISOd

[86°26]80usoss|opy

[86]9s¢ [26]992

saleleyiyd

[66-16'T6'88-28]swo0n0
pue ainsodxa pooyp|iyd

>{S11 21|0CeIN

*3W09IN0 Jey}

uo podal Jou pip Ing SjaAg) pidi|
os|e painseaw Apnis auo ‘Buijdwes
adiInw yym saIpnis ou ‘Apnis asea
1[BWS 3UO PUe [BUOII3S-SS0JI T I
“elINUILINg[e

uo T ‘ainssaid poojq uo Apnis

T ‘uonnjip Areuun 1oy pajdaliod
sajdwes Asreurin pooypjiyd S

[g6°28] ainssaud
poojq dljoiselp
pasealoul ue sAoq

Ul pue elnuIwNgfe
pasealoul

Buipnjaul ‘sawodlno
Je|naseAoIpIed
aslanpe

pue ainsodxa

\vd4 pooypliya
U93MIaQ UOIJeId0SSe
annisod e osje
pamoys saipnis yiog

aAIISOd

[g6]eouaasajope
111 pooyp|iyd

PIN [28]pooypiiyd
piw |1 jooydsald

[s6lo.2 [28]6€

Vdd

Burdwes sjdinw yym saipns
0U ‘S3IpNIS [BUOI193S-SS04 Z I
eLnuIwNg e

uo T ‘ainssaid poojq uo Apnis

T ‘uonnjip Areuun 1oy padaliod
sa|dwes Areurin pooypjiyd S

[96'v6] eLNUILINGE
pasealoul

pue 8109s-z ainssaid
poojq 21]01sAS
Buipn|our ‘sawoalno
Je|nasenoIpIed
aSIanpe pue
pooyp|1yd Butinp
alnsodxa arefeyyd
uaMIag Mul|
anisod e pauodal
salpnis yiog

aANISOd

[96‘v6]aouaasajope
1113 pooypiiyd pIN

[96]299 [v6]8e82

sareleyiyd

[96-v6',8]owWwo00IN0
pue ainsodxa pooyp|1yos
‘SI e [nasenolpaed

'sjouaydsiq
uo pawLioyiad
U9aq aAeY Sa1pnis

(M) sassaudieapn/(S) sybuaais

awoa1n0

SUOIRIN0SSY

24nsodxa Jo awi]

azis a|dwes

sjouaydsiq Jo/pue serejeyiyd

awoaln0

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2018 March 01.

Reprod Toxicol. Author manuscript



	Abstract
	Introduction
	Phthalates and Bisphenols
	Routes of Exposure and Metabolism
	Potential Mechanisms of Effect
	Maternal Pregnancy Outcomes
	Fetal Outcomes
	Childhood Outcomes
	Discussion
	References
	Figure 1
	Figure 2
	Table 1

