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Abstract Di (ethylhexyl) phthalate (DEHP) is a global envi-
ronmental pollutant. This study aims to systematically review
the literature on health effects of exposure to DEHP including
effects on reproductive health, carcinogenesis, pregnancy out-
come, and respiratory system. The literature search was done
through Scopus, ISI Web of Science, Google Scholar,
PubMed, Medline, and the reference lists of previous review
articles to identify relevant articles published to June 2016 in
each subject area. The inclusion criteria were as follows: orig-
inal research, cross-sectional studies, case—control studies, co-
hort studies, interventional studies, and review articles. Both
human and animal studies were included. The search was
limited to English language papers. Conference papers, edito-
rials, and letters were not included. The systematic review was
conducted and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
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(PRISMA) statement. Overall, 152 of the 407 papers met the
inclusion criteria. We provided an up-to-date comprehensive
and critical assessment of both human and animal studies
undertaken to explore the effects of DEHP. It revealed that
in experimental studies, exposure to DEHP mainly targeted
the reproductive, neurodevelopment, and respiratory systems.
Human studies reported that exposure to this contaminant had
carcinogenic effects and influenced neurodevelopment in ear-
ly life. This systematic review underscored the adverse health
effects of DEHP for pregnant women and the pediatric age
group. It summarizes different response of humans and exper-
imental animals to DEHP exposure, and some suggested un-
derlying mechanisms.

Keywords Phthalates - Environmental exposures - Health -
Systematic review - Toxicity

Introduction

In recent years, accumulating evidence exist on the health
effects of environmental agents including plasticizers, pesti-
cides, metals, and several industrial chemicals (Dalsenter et al.
2006). Endocrine disruptor substances (EDS) are a group of
chemical environmental factors with deleterious effects on
hormonal balance (Albert and Jegou 2014). Phthalates or
phthalate esters are synthetic diesters of phthalic acid, first
produced in 1920 (Kimber and Dearman 2010; North et al.
2014). Phthalates are used in a wide variety of products and
applications and are found in medical devices, gelling agents,
adhesives, lubricants, cosmetics, dispersants, and emulsifying
agents. They are also used in many household and consumer
goods including PVC interior surface coverings, food wrap-
pings, shower curtains, nail polish, plastic goods, and kitchen
plastic ware (Kimber and Dearman 2010). The most common
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phthalates can be loosely grouped into lower molecular
weight (diethyl phthalate [DEP], dimethyl phthalate [DMP],
and dibutyl phthalate [DBP]) and higher molecular weight
(di(2-ethylhexyl) phthalate [DEHP], diisodecyl phthalate
[DIDP], diisononyl phthalate [DINP], and benzyl butyl
phthalate [BBP]) (North et al. 2014). Approximately 90 %
of phthalates, particularly the higher molecular weight com-
pounds, are used as plasticizers (DEHP, DIDP, and DiNP) and
the lower molecular weight phthalates (DMP, DEP, and DBP)
are used in solvents, inks, waxes, adhesives, cosmetics, insec-
ticides, and pharmaceuticals. Human exposure to phthalates
occurs through the ingestion of contaminated food and water,
as well as other routes including inhalation, house dust, and
dermal contact (North et al. 2014; Ventrice et al. 2013).
Phthalate toxicity has been reported since 1950s. In recent
years, the alleged harmful effects of phthalates on human
health have been of concern of the media and populations
(Albert and Jegou 2014). As in the case of other phthalates,
DEHP, also known as dioctyl phthalate (DOP), is mainly used
as a plasticizer in PVC products. The main concerns on the
potential toxic effects of DEHP that are experimentally ob-
served in various species are of substantial concern on the
human endocrine system. Based on fertility studies in mice,
DEHP is the most potent reproductive toxicant among the
phthalate esters (Ventrice et al. 2013). Human exposure to
DEHP can occur via the dermal contact, inhalation, oral, and
intravenous routes of exposure, and when released from med-
ical equipment to patients in the neonatal intensive care unit,
its levels in the body can be high (Caldwell 2012). A study
among Russian women revealed that chronic occupational
exposure of phthalate esters was associated with increased
rates of miscarriage, anovulation, and decreased rates of preg-
nancy (Hoyer 2001). A study on 84 newborns indicated that
either DEHP or mono-(2-ethylhexyl) phthalate (MEHP) was
present in 77.4 % of the examined samples Moreover, MEHP-
positive newborns showed a significantly lower gestational
age compared with other infants (Latini et al. 2003b). The
toxicokinetics of DEHP in humans, experimental animals,
and cellular systems might have important roles in discrimi-
nating the potential adverse effects (Caldwell 2012). DEHP is
a lipophilic compound and it is not chemically combined to
PVC; therefore, this phthalate can be released from plastic
(Herreros et al. 2010). Pre- and postnatal oral exposure to
DEHP may be related in animals with male reproductive reg-
ulation and function alteration (Carbone et al. 2010). It is well
established that DEHP might produce intrauterine deaths, tes-
ticular atrophy, and teratogenicity in rodents. More specifical-
ly, its marked adverse effects are documented on the male
reproductive development following in utero exposure
(Saillenfait et al. 2011). In animal studies, repeated oral expo-
sure to DEHP caused disruptions of reproductive performance
(Hoyer 2001). An in utero study found that lactational expo-
sure of pregnant rats to the DEHP showed effects on male
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offspring including reduced anogenital distance, areola and
nipple retention, undescended testes, and permanently incom-
plete preputial separation (Moore et al. 2001). DEHP carcino-
genic hazard and its reproductive hazard have been reviewed
previously by the World Health Organization (WHO)
International Agency for Research on Cancer (IARC) and
expert panels convened by the National Toxicology Program
(NTP) Center for the Evaluation of Risks to Human
Reproduction (CERHR), a joint venture between the NTP
and the National Institute of Environmental Health Sciences
(NIEHS), respectively. Both the previously published
CERHR and TARC efforts contained discussed DEHP expo-
sure and absorption, distribution, metabolism, and elimination
(ADME) (Caldwell 2012).

Given the increasing evidence about adverse health effects
of exposure to phthalate and some controversies in current
findings, the aim of this study is to systematically review
and summarize the scientific literature on associations be-
tween exposure to DEHP and health effects including repro-
ductive effects, carcinogenesis, pregnancy outcome,
neurodevelopment, and respiratory effects.

Methods

The present systematic review was conducted and reported in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement (Liberati
et al. 2009). Ethical approval was not required as this was a
secondary data analysis.

Literature search

We searched Scopus, ISI Web of Science, Google Scholar,
PubMed, and Medline. All databases were searched to
June 2016. As we had different outputs, we used several sep-
arate keywords for each aim or each output of this study.
The following keywords and search strategy were used for
reproductive system, carcinogenesis effects, effect on preg-
nancy outcome, and effect on respiratory system, respectively:

1. For reproductive system: (“bis(2-ethylhexyl) phthalate
esterase” [Supplementary Concept] OR “Diethylhexyl
Phthalate”[Mesh] OR “di-n-octyl phthalate”
[Supplementary Concept] OR “phthalate ester hydrolase”
[Supplementary Concept] OR “phthalic acid”
[Supplementary Concept]) AND (“Reproduction”[Mesh]
OR “Reproductive Health”[Mesh] OR “Infertility”[Mesh]
OR “Pregnancy”[Mesh] OR “Fertility”’[Mesh] OR
“Infertility, Male”[Mesh] OR “Infertility, Female”[Mesh]).

2. For carcinogenesis effects: (“bis(2-ethylhexyl) phthalate
esterase” [Supplementary Concept] OR “Diethylhexyl
Phthalate”[Mesh] OR “di-n-octyl phthalate”
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[Supplementary Concept] OR “phthalate ester hydrolase”
[Supplementary Concept] OR “phthalic acid”
[Supplementary Concept]) AND (“Neoplasms”[Mesh]).

3. For pregnancy outcome and neurodevelopment: (“bis(2-
ethylhexyl) phthalate esterase” [Supplementary Concept]
OR “Diethylhexyl Phthalate”[Mesh] OR “di-n-octyl
phthalate” [Supplementary Concept] OR “phthalate ester
hydrolase” [Supplementary Concept] OR “phthalic acid”
[Supplementary Concept]) AND (“Premature
Birth”[Mesh] OR “Birth Weight”’[Mesh] OR “Infant,
Low Birth Weight”[Mesh]), OR “development” OR
“neurodevelopment”. We also searched for (“bis(2-
ethylhexyl)phthalate esterase” [Supplementary Concept]
OR “Diethylhexyl Phthalate”[Mesh] OR “di-n-octyl
phthalate” [Supplementary Concept] OR “phthalate ester
hydrolase” [Supplementary Concept] OR “phthalic acid”
[Supplementary Concept]) AND (“Abortion,
Induced”[Mesh] OR “Abortion, Spontaneous”[Mesh]
OR “Pregnancy Outcome”Mesh] OR
“Stillbirth”[Mesh]).

4. For respiratory system: (“bis(2-ethylhexyl) phthalate
esterase” [Supplementary Concept] OR “Diethylhexyl
Phthalate”[Mesh] OR “di-n-octyl phthalate”
[Supplementary Concept] OR “phthalate ester hydrolase™
[Supplementary Concept] OR “phthalic acid”
[Supplementary Concept]) AND (“Asthma”[Mesh] OR
“Asthma, Occupational”’[Mesh] OR “Pulmonary
Disease, Chronic Obstructive”’[Mesh]).

All elements were searched using both controlled vocabu-
lary terms (Medical Subject Headings) and free text words,
and the search was not limited to title and abstract for this
reason that maybe our desired result or desired outcome being
a secondary aim of the studies. Limits were applied to exclude
conference papers, editorials, and letters. The search was re-
fined to English language, and we did not consider any time
limitation. We included both human and animal studies.

Hand searching

To increase the sensitivity and to select more studies, the ref-
erence list of the published studies was checked as well.

Selection criteria

Studies identified from the literature search were selected on
the basis of the predefined selection criteria presented below.

Inclusion criteria

1. Cross-sectional studies, case—control studies, cohort stud-
ies, reviews, and interventional studies

2. Studies investigating the associations between di-2-
ethylhexyl phthalate and effects on reproductive system,
carcinogenesis effects, effect on pregnancy outcome, and
effect on respiratory system

Exclusion criteria

1. Letters, conference abstracts, or editorials
2. Poor quality articles

Data extraction and abstraction

Titles and abstracts of papers were screened, and rele-
vant papers were selected. Duplicates were removed.
Then, full texts of relevant papers were read, and find-
ings were rescreened. Two independent reviewers (MZ
and MK) screened the titles and abstracts of papers,
which were identified by the literature search, for their
potential relevance or assessed the full text for inclusion
in the review. In the case of disagreement, the discrep-
ancy was resolved in consultation with an expert inves-
tigator (RK).

Two reviewers abstracted the data independently (PP and
MZ). The required information that was extracted from all
eligible papers was as follows: data on first author’s family
name, year of publication, country of the study, population
studied, aim, and findings of studies.

Study selection strategy

In the systematic search, 3063 unique references were
identified (Fig. 1). Of them, 2448 were excluded on the
basis of the title and abstract. For the remaining 407
articles, the full text was retrieved and critically
reviewed. After the selection process, 152 papers were
included.

Results

The studies included in this review revealed different adverse
health effects of exposure to phthalates; we categorized them
to following effects:

Effects on the reproductive system

In animal studies, some phthalates induced reproductive
tract developmental anomalies that consisted of epidid-
ymal malformations or absence of the epididymis, crypt-
orchidism, decreased anogenital distance (AGD), in-
creased incidence of hypospadias, delayed preputial
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Fig. 1 Literature search and
flowchart for selection of primary
study

Articles identified through electronic database
search (n=3085)

(Pub Med; 1771 Scopus: 1263 Google Scholars:
47)

A

Removed duplicates

articles (n=233)

A 4

Articles screened by title
and abstract

(n=2852)

A

Excluded non-relevant

y

A 4

articles (n=2448)

(n=

Retrieved Full text
405)

v

Articles identified through
reference checking (n=2)

Full text articles assessed
for eligibility (n=407)

Excluded full texts (n=242)

poor quality articles: 29

not appropriate article type: 91
articles that had a different
purpose: 126

v

A

A

Studies included in the Systematic Review
(n=152)

separation (pubertal milestone), retention of thoracic
nipples, and testicular lesions (Hauser and Calafat
2005). Reproductive tract developmental anomalies
were seen in rats dosed during gestation and/or lactation
with DEHP (Gray et al. 2000). Therefore, few published
human studies have explored their relationships with
exposure to phthalates and potential risk factors. A
study on the relationship between prenatal exposure to
phthalate esters and AGD in 85 male infants revealed
that maternal prenatal urinary concentrations of MEP,
MBP, MBzP, and mono-isobutyl phthalate (MiBP) were
inversely associated to age-adjusted anogenital index
(AGI). However, MEHP is a DEHP oxidative metabo-
lite, but it was unrelated to AGI, and MEOHP and
MEHHP were of borderline significance with AGI
(Swan et al. 2005). An increased proliferative activity
of Leydig cells in the testes of DEHP-treated rats as
well as the induction of Leydig cell hyperplasia are
reported (Akingbemi et al. 2004). Summary of
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published literature of DEHP effects on reproductive
system is presented in Table 1.

Carcinogenesis effects of DEHP

The Carcinogen Assessment Group of the USEPA classified
DEHP as a probable human carcinogen (group B2) (Voss et al.
2005). Administration of some phthalates, e.g., DEHP, to ro-
dents resulted in adverse liver effects including increased liver
weights, histological changes, elevated liver enzyme levels,
and, in some cases, tumors. These effects were related with
peroxisomal proliferation, a process related to metabolism of
cholesterol and fatty acids (McKee et al. 2002; Ward et al.
1998). Also, in adult rodents, DEHP showed a liver tumor-
promoting effect, which is mediated by peroxisome
proliferator-activated receptor o« (PPAR). On the other hand,
DEHP and other phthalates might hit the liver metabolic pro-
gramming through different pathways, including perturba-
tions of gap junctional intercellular communication
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(Maranghi et al. 2010). In fact, phthalates, including DEHP,
are activators of nuclear receptors PPAR«, 3, and v (Rusyn
and Corton 2012).

Table 2 summarizes some of the most representative stud-
ies on carcinogenesis effects of DEHP.

DEHP effect on pregnancy outcome

Once DEHP is absorbed into the human body, it is hydrolyzed
to MEHP, by enzymes present in the lung, blood, and gut.
Therefore, MEHP can cross the placenta and arrive at fetal
circulation (Whyatt et al. 2009). Prenatal exposure to MEHP
has been associated with higher occurrence of early first tri-
mester pregnancy loss (Arbuckle et al. 2014). As the DEHP
action might be influenced by on time, age, and dose and
because effects of DEHP are influenced by the stage of devel-
opment at exposure among animals, the DEHP-related expo-
sure risk is higher for the developing fetus and newborn, par-
ticularly preterm (Latini et al. 2003b).

Also, reduced anogenital distances in male infants, a po-
tential early marker of reproductive toxicity in humans, have
been reported (Arbuckle et al. 2014). A recent large case—
control study reported significant associations with MEHP,
MECPP, and ¥ DEHP metabolites (Ferguson et al. 2014).
Summary of published literature of DEHP effect on pregnan-
cy outcome is presented in Table 3.

DEHP effect on neurodevelopment

Prenatal exposures to phthalates might also be related child
neurobehavioral development (Serrano et al. 2014). Elevated
maternal urinary concentrations of some phthalate metabolites
have been related with increased internalizing behaviors and
decreased child mental and motor development and decreases
in the psychomotor development index, particularly in girls
(Whyatt et al. 2012). Likewise, findings of a birth cohort con-
firmed such effects in girls and confirmed that gender has an
effect modifier in the association of prenatal phthalate expo-
sure with neurodevelopment (T¢llez-Rojo et al. 2013).

However, another birth cohort did not document the ad-
verse effects of prenatal phthalate exposure on children’s cog-
nitive, psychomotor, or behavioral development (Gascon et al.
2015).

DEHP effects on respiratory system

DEHP might promote an aggravated asthmatic response in-
volving increased immunological and inflammatory media-
tors and pathophysiological changes of lung tissue (Larsen
et al. 2007). Moreover, the indoor environment might contrib-
ute to the increase in allergic asthma. As phthalates are not
chemically bound to products, these compounds can diffuse
within materials, leach out, and then adhere to airborne

@ Springer

particles or disperse into the air. Therefore, phthalates easily
enter into dust that settles on phthalate-containing products
(Ait Bamai et al. 2014).

Asthma can have various symptoms with reversible airway
obstruction, coughing, wheezing, tightness of the chest, and
breathlessness. Specially, the prevalence of asthma and aller-
gies in children has increased markedly in recent decades
(Shin et al. 2014). Some epidemiological studies have sug-
gested a higher risk of respiratory problems among workers
of plastic industry and in children. Actually, these studies have
offered evidence for the possible relationship between PVC
materials and exposure to phthalates and the risk of allergic
asthma (Guo et al. 2012). Summary of published literature of
DEHP effect on respiratory system is presented in Table 4.

Discussion

This study reviewed the adverse health effects of exposure to
DEHP on various organs. It serves as confirmatory evidence
of diverse health hazards of DEHP on different organs. Our
findings underscore the necessity of paying more attention to
the adverse health effects of phthalates at individual and pub-
lic levels. Reducing the industrial use of phthalates and or
substituting them with safer plasticizers as well as increasing
the public knowledge about such health hazards especially for
females in reproductive age and the pediatric age group are of
special concern.

Effects on reproductive system

The developing male reproductive system is one of the most
vulnerable targets of phthalate ester toxicity (Hannas et al.
2011). Many experimental studies have suggested that
phthalates and their metabolites might produce reproductive
and developmental toxicities. Although most of these animals
were exposed to phthalate esters at relatively high level to
assess its toxicological effects, some studies showed that even
relatively low doses of phthalates could cause toxic effects.
Therefore, it remains to be determined whether humans are
exposed to PAEs at harmful levels to generate health effects or
not. DEHP is known to develop adverse effects on the male
reproductive system in rodents; moreover, DNA damage in
human lymphocytes is induced by DEHP and their metabo-
lites as MEHP (Matsumoto et al. 2008). Experimental animal
data exist on the influences of DEHP on reproduction follow-
ing exposure during in utero development and the nursing
period. Evidence also exists on reproductive effects of
DEHP following exposure after receiving weaning food and
during the adult life (Kavlock et al. 2002a). Some other animal
studies revealed that oral exposure to DEHP could affect re-
productive processes (Kavlock et al. 2006). Limited experi-
ence exists to characterize the DEHP reproductive and
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developmental toxicity, and only a few studies have proposed
that DEHP could be a reproductive toxicant in human beings.
Therefore, evaluation of human reproductive risk must be ex-
trapolated from research studies in experimental animals,
where differences of species in metabolism and dynamics of
PPAR-alpha are of important considerations (Kavlock et al.
2006; Matsumoto et al. 2008).

Some studies have clearly shown that DEHP exposure
might cause adverse effects in experimental animals. In labo-
ratory rats, phthalate exposure is associated with various de-
grees of adverse effects including decrease in body weight,
decrease in gonadal zinc, increase in specific activities of en-
zymes such as glucuronidase, decrease in the activity of acid
phosphatase, dose-dependent enlargement of the liver, reduc-
tion of testosterone and increase in luteinizing hormone and
follicle-stimulating hormone in serum, degenerative changes
in testis and increased occurrence of abnormal sperm, reduc-
tion in testis weight and anogenital distance, areola and nipple
retention, undescended testes, decrease in serum testosterone
and in the activity of the steroidogenic enzyme 17b-
hydroxysteroid dehydrogenase, reduction in Leydig cell T
production, fetal deaths, reduction in daily sperm production
and epididymal sperm counts, reduction in absolute and rela-
tive weights of androgen-dependent tissue organs, increase in
mRNA levels of leukemia inhibitory factor (LIF), increases in
the absolute volumes of Leydig cells per adult testis, reduction
of adult serum testosterone levels, decrease in fetal and adult
testosterone production, decreases in relative weight of testos-
terone dependent organs, delayed preputial separation, low
serum testosterone, reduction in the anogenital distance,
sperm counts, and reproductive organ weights, reduction of
seminal vesicle weight, increase in the inhibitory GABAergic
tone and a reduction in the stimulatory effect of aspartate on
gonadotropin level, decrease in mean testis weight, decreases
in total volumes of testis, increase incidence of severe hypo-
spadias, reduction in penile length, and anogenital distance/
body weight. An experimental study showed that low-dose in
utero exposure to DEHP (10 mg/kg) resulted in increased
testicular T levels, whereas a higher dose of DEHP
(750 mg/kg) resulted in reduced T levels and AGD in rats.
Low and high doses of postnatal DEHP administration had
different effects on T levels (Lin et al. 2008). In another study,
developmental toxicity occurred at the highest dose
(500 mg/kg/day), as indicated by the increase in the incidence
of post-implantation losses and the consequent reduction in
mean litter size system on rats (Dalsenter et al. 2006). It should
be noted that species differences in sensitivity to DEHP tox-
icity are reported. In addition, these different results may be
attributable to between-study differences in dose, route, and
periods of administration of DEHP. In particular, differences
in the DEHP biological effects in rodents following different
routes of administration may be due to the route dependency
of mono-de-esterification of the phthalate diester (Ma et al.

>

3

expression was also notably increased in treatment with
phthalate (BBzP) were the dominant phthalates present in
floor dust (medians = 172.2 and 46.8 pg/g, respectively),
and dibutyl phthalate (DBP), diethyl phthalate (DEP), and
diisobutyl phthalate (DIBP) were the dominant phthalates
respectively). The risk assessment results indicate that 82—
89 % of children in California ECE had DBP exposure
estimates exceeding reproductive health benchmarks.
Further, 8 11 % of children less than 2 years old had
DEHP exposure estimates exceeding cancer benchmarks

estradiol, BBP, DBP, and DEHP

estradiol, BBP, DBP, and DEHP. Estrogen receptor o
To carry out a probabilistic health Di(2-ethylhexyl) phthalate (DEHP) and butyl benzyl

in indoor air (medians = 0.52, 0.21, and 0.10 pg/m

Finding
AKT, and PCNA were noted in cultures with 17 (3-

Harbor” risk levels established

risk assessment comparing
exposure estimates to “Safe
for chemicals causing

reproductive toxicity and

cancer

Aims

Type of study
Cross-sectional

Population sutdied

40 early childhood
education (ECE)
facilities from the
California counties of
Alameda (n = 20) and
Monterey (n = 20), to
measure five phthalate
esters in indoor dust
(n = 39) and indoor and
outdoor air (n = 40 and
14, respectively)

Location
California

Table 2 (continued)
Gaspar et al. (2014)

Reference

@ Springer
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Table 4 (continued)

Finding

Aims

Location Population studied Type of study

Reference

and mucus production in offspring, with a decrease in
inducible nitric oxide synthase (iNOS) in the lung tissue

asthma susceptibility using a murine model

To investigate the effects of maternal exposure Maternal exposure to DEHP reduces airway inflammation
to DEHP during pregnancy on neonatal

mice (gestational

Pregnant BALB/c
day (GD) 13)

of asthma induced by ovalbumin (OVA)
To analyze whether oxidative stress induced by The data indicated higher ROS and malonaldehyde (MDA)

Experimental study

SPF male BALB/c

You et al. (2014)

mice

levels and lower glutathione (GSH) contents in DEHP +

OVA group than that in OVA group, while vitamin E, an

DEHP with or without OVA could trigger

AHR and airway inflammation

antioxidant, could restore reactive oxygen species (ROS),
MDA, and GSH levels to control levels and attenuate the

DEHP and/or OVA effect

2006). After oral administration in rats, DEHP is rapidly hy-
drolyzed to MEHP by lipases in the gut and absorbed as the
monoester and 2-EH (Kavlock et al. 2002a). Therefore, con-
sidering the differences between inhalation and oral exposure,
a study suggested that the timing, duration, and route of ex-
posure to DEHP may be important variables that determine its
adverse effect on steroid biosynthesis (Ma et al. 2006). Studies
showed that the effects of DEHP in mice depend on timing of
exposure and dose.

Different underlying mechanisms are proposed by previous
reviews on the adverse effects of phthalates on reproductive
health and fertility. These studies suggested that phthalate ex-
posure may influence ovarian reserve (Hart 2016) or may in-
duce defects in folliculogenesis and steroidogenesis, which in
turn can cause infertility, premature ovarian failure, and non-
reproductive disorders (Hannon and Flaws 2015; Patel et al.
2015). Another review concluded that exposure to phthalates
might reduce the fertility by activating the peroxisome
proliferator-activated receptors, as well by increasing the fatty
acid oxidation, and by reducing the capacity of coping with
increased oxidative stress (Mathieu-Denoncourt et al. 2015).

Exposure in gestational days 7 and 8 led to a high incidence
of malformations and death, but exposure in other days had
fewer health effects (Ventrice et al. 2013). In humans, expo-
sure of females to some of phthalates was found to be associ-
ated with significantly increased odds of preterm birth
(Ferguson et al. 2014). In humans, a positive correlation
between high urine phthalate levels and pregnancy complica-
tions such as toxemia, anemia, and preeclampsia was found in
pregnant women living near a plastic manufacturing company
(Gupta et al. 2010). Variability in an individual’s exposure to
phthalate esters can result from changes in the use of personal
care products, daily activities, or diet and exposure may vary
over time. These observations, along with the non-persistent
nature of phthalate esters, may result in differences in the
timing of exposure to phthalates during the day (Hauser and
Calafat 2005).

A review concluded that exposure to phthalates might re-
duce the duration of pregnancy (Bajkin et al. 2014). Another
review reported inconsistent findings of some studies on the
negative impact of phthalates on gestational age (Jurewicz and
Hanke 2011). Our findings are consistent with a recent review
that revealed no clear conclusion on the effects of phthalates
on gestational age and birth weight (Marie et al. 2015).
Although controversies exist on the effects of phthalates on
gestational age and birth weight, we suggest that it is more
prudent to reduce the phthalate exposure of females in repro-
ductive age.

Carcinogen effect

Phthalate esters may be responsible for cancer in humans
(Ventrice et al. 2013). The carcinogenicity database in animals
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revealed that DEHP might cause liver cancer (Rusyn and
Corton 2012). The mechanism of hepatic neoplastic transfor-
mation is related to the activation of PPAR« although DEHP
is also able to cause liver cancer in mice lacking PPAR«,
suggesting that activation of PPAR«x is not essential
(Ventrice et al. 2013). It is well documented that DEHP pro-
duces a range of hepatic effects in animal studies, for instance
increased risk of malformations as neural tube and pituitary
defects, chronic renal inflammation, benign and malignant
liver tumors, decrease in fetal weights, nonneoplastic lesions
in the liver, urinary bladder, and nasal cavity, The toxic effect
is variable in animal species where there is repeated exposure
to DEHP. This variability is seen in the nature of the effect and
in the dose required to cause a response. For example, mice
and rats are the most sensitive species with primary target
organs being testes and liver. Liver effects are primarily those
associated with peroxisome proliferation (Kavlock et al.
2002b). The difference in disposition, metabolism, or excre-
tion by the route of administration may be responsible for the
difference in DEHP teratogenicity (Shiota and Mima 1985).
Important species differences in expression and molecular sig-
naling for PPARa have been reported. Human express PPARa
at lower level in liver, whereas PPARa is expressed at high
levels in mice and rats livers (Rusyn and Corton 2012).

Various mechanisms have been suggested for the car-
cinogenic effects of phthalates. Some experimental stud-
ies have documented the effects of DEHP on chromo-
somes, spindle, and mitosis; morecover DEHP might in-
duce DNA damage and can alter mitotic rate, apoptosis,
and cell proliferation; it can also activate some nuclear
receptors. Environmental exposures of humans to DEHP
have been associated with DNA damage. Some human
and animal studies proposed that the carcinogenic ef-
fects of DEHP are mediated through multiple molecular
signals, including DNA damage (Caldwell 2012). The
carcinogenic effects of DEHP are found in different tar-
get tissues, notably in liver and testis (Rusyn and
Corton 2012).

The tumor-promoting properties of phthalates are also con-
sidered to be because of their effects on the length of telo-
meres, which are specialized chromatin necessary for the
maintenance of chromosomal stability (Cai 2016). This effect
is reported for breast cancer (Scinicariello and Buser 2015).

It is also documented that phthalates might promote breast
cancer stem cells (Wang et al. 2016).

Exposure to phthalate esters may have a carcinogenic role
by enhancement of cancer cell proliferation, migration and
invasion (Hsu et al. 2016). Moreover, exposure to Benzyl
butyl phtalate is found to increase the chemoresistance of
breast cancer (Hsu et al. 2015). It is also suggested that the
effects of phthalates on prostate cancer might be mediated by
activating the Hedgehog signaling pathway (Yong et al.
2015).

@ Springer

Pregnancy outcome

Exposures of phthalates exist at global level and are consid-
ered as a potential harm for pregnant women (Jensen et al.
2012). The adverse effects of the observed prenatal exposure
to phthalate esters in human newborns remain to be deter-
mined. Prenatal and postnatal exposures may have synergistic
and cumulative actions in producing adverse neonatal effects,
especially for premature infants with very low birth weight
(Latini et al. 2003b). Prenatal exposures to phthalates might
also be related to changes in timing of labor (Serrano et al.
2014). However, a few numbers of studies did not confirm the
adverse health outcomes of exposure to phthalates during
pregnancy (Adibi et al. 2003; Latini et al. 2003a). Such con-
troversies might be the dynamic changes in amniotic fluid
volume and composition throughout pregnancy, which in turn
would complicate interpretation of measured pollutant con-
centrations (Jensen et al. 2012). Differences between results
of studies are suggested to be due to differences in sampling
variability, statistical power, confounding factors, temporal
trends in exposures, and possibly the batch effects in the lab-
oratory examinations (Latini et al. 2003b). Effective strategies
to prevent exposures of phthalates in pregnant women are of
great interest especially for the developing fetus. Observations
of an Old Order Mennonite (OOM) community from
Germantown, Pennsylvania suggests that the elimination of
cosmetics, the limited use of personal care products (PCPs),
and the consumption of mostly homegrown produce may con-
tribute to the significantly lower metabolite concentrations in
this population compared to larger, national samples. Little is
known about how consumption habits and typical lifestyle
impact exposure in pregnant women (Serrano et al. 2014).
One of the limitations of several studies is that the data on
daily activity and use of personal care products were not avail-
able for most of mothers, and thus the exact sources of DEHP
exposure are not known (Zhang et al. 2009).

Effects on respiratory system

Asthma is a common chronic inflammatory disease of the
airways (Ventrice et al. 2013). The concentrations of
phthalates in the indoor air are approximately 10 times higher
than outdoors. As children inspire more air per kilogram of
body weight than adults do, they may be at increased risk of
inhalational exposure. Some sources of phthalates in indoor
air are PVC building materials, furniture, and some products
including body fragrances and aromatic air fresheners (North
et al. 2014). Interior materials used in houses include plasti-
cized PVC products used as wall and floor covering materials.
These PVC products are potential emission sources of
chemicals including DEHP widely used as a plasticizer
(Hauser and Calafat 2005). House dust is known to play a
role in exposure of phthalate; however, the contribution from
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this source is unclear and has large variations throughout life.
Median concentrations of DEHP have been found to range
from 340 to 858 mg/g of house dust across different countries.
Little information is available on how phthalate levels might
affect allergic responses to the house dust (North et al. 2014).
The present review showed that DEHP exposure associated
with adverse effects on respiratory system. All studies have
suggested that exposure to DEHP may be associated with
development of asthma, wheezing, and allergic symptoms
(Adibi et al. 2003; Chen and Chien 2014; Ferguson et al.
2014; Gaspar et al. 2014; Habib and Karim 2012; Hansen
and Grafton 1994; Herreros et al. 2010; Latini et al. 2003a; Li
et al. 2012; Modigh et al. 2002; Singh et al. 1974; Takashima
et al. 2008; Wang et al. 2013; Zhang et al. 2009). It is reported
that there are phthalate esters in house dust and allergic asthma
in children aged 1-6 years (Bornehag et al. 2004). In children,
after oral ingestion, DEHP is rapidly absorbed and metabolized
to MEHP in the gastrointestinal tract, which will be eliminated
after conjugation with glucuronic acid. Therefore, children
represent a high-risk group for adverse effects of phtalates
(Ventrice et al. 2013). In an experimental study, DEHP
increased immunoglobulin G1 levels, and MEHP produced a
significant increase in the levels of both immunoglobulin E and
immunoglobulin G1 and are related to allergic reactions. Some
phthalate monoesters are shown to contribute to inflammatory
processes by promoting cytokine interleukin 6 and production
of interleukin § in human epithelial cell line A549 (Bornehag
etal. 2004; Larsen et al. 2007; Tarlo 2003). Several factors must
be considered when weighing the evidence of an association
between phthalates and allergy. First, biological markers of
phthalate exposure are limited to the period they represent
because these markers have short half-life and vary temporally;
therefore, they have limited value in evaluating long-term
exposure. Moreover, it is possible that because of increased
personal care product or medication use, individuals with
allergies, asthma, and atopic dermatitis might have higher levels
of phthalates (North et al. 2014).

Conclusion

The current review provides evidence on several adverse
health effects of exposure to phthalates, notably for
pregnant women and the pediatric age group. It also
revealed that humans and experimental animals respond
differently to DEHP; the underlying mechanisms need
to be determined. Because of the small number of hu-
man studies, further investigations on humans are nec-
essary to determine the safe levels of phthalates in dif-
ferent products. In addition to restricting the use of
phthalates, simultaneous effort should continue to sub-
stitute phthalates with other plasticizers especially
DEHP.
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