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Abstract
Phthalates are a family of industrial chemicals that have been used for a variety of purposes. As the potential consequences
of human exposure to phthalates have raised concerns in the general population, they have been studied in susceptible
subjects such as pregnant women, infants and children. This article aims at evaluating the impact of exposure to phthalates
on reproductive outcomes and children health by reviewing most recent published literature. Epidemiological studies focusing on exposure to phthalates and pregnancy outcome, genital development, semen quality, precocious puberty, thyroid
function, respiratory symptoms and neurodevelopment in children for the last ten years were identified by a search of the
PubMed, Medline, Ebsco, Agricola and Toxnet literature bases. The results from the presented studies suggest that there
are strong and rather consistent indications that phthalates increase the risk of allergy and asthma and have an adverse
impact on children’s neurodevelopment reflected by quality of alertness among girls, decreased (less masculine) composite
score in boys and attention deficit hyperactivity disorder. Results of few studies demonstrate negative associations between
phthalate levels commonly experienced by the public and impaired sperm quality (concentration, morphology, motility).
Phthalates negatively impact also on gestational age and head circumference; however, the results of the studies were
not consistent. In all the reviewed studies, exposure to phthalates adversely affected the level of reproductive hormones
(luteinizing hormone, free testosterone, sex hormone-binding globulin), anogenital distance and thyroid function. The
urinary levels of phthalates were significantly higher in the pubertal gynecomastia group, in serum in girls with premature
thelarche and in girls with precocious puberty. Epidemiological studies, in spite of their limitations, suggest that phthalates
may affect reproductive outcome and children health. Considering the suggested health effects, more epidemiologic data
is urgently needed and, in the meantime, precautionary policies must be implemented.
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developmental processes and support endocrine homeo-

Phthalates are suspected of being endocrine disrupt-

stasis in the organism [1].

ing chemicals (EDCs). Endocrine disrupting substances

Phthalates are a family of industrial chemicals that have

may interfere with the production, secretion, transpor-

been used for a variety of purposes. They are added to plas-
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tics including children’s toys and medical devices to make
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for fragrance. Phthalates can also be found in adhesives
and glues, agricultural adjuvants, building materials, personal care products, detergents, paints, pharmaceuticals,
food products and textiles. They are also used in a variety
of household applications such as shower curtains, vinyl
upholstery, floor tiles, food containers and wrappers, and
cleaning materials. The most widely used phthalates are the
di-(2-ethylhexyl) phthalate (DEHP), the diisodecyl phthalate (DIDP), and the diisononyl phthalate (DINP). DEHP
is the dominant plasticizer used in PVC due to its low cost.
Another phthalate, benzylbutylphthalate (BBP) is used in
the manufacture of foamed PVC-popular flooring material.
Because phthalates are ubiquitous in daily life, the potential consequences of human exposure to phthalates have
raised concerns in the general population and have been
studied in susceptible subjects such as pregnant women,
infants and children [2].
DEHP induced anti-androgenic action and abnormalities
of the male reproductive system in prenatally exposed animals, likely affecting the normal development of the testes [3–7]. Consequently, most of the research on phthalates is focused on their association with aberrant male
reproductive development [8]. Some phthalates, notably
DEHP and dibutyl phthalate (DBP), inhibit the synthesis of testosterone by Leydig cells, thereby reducing fetal
testosterone concentration in experimental studies [9].
This caused disordered sex differentiation, including
a reduced anogenital distance (AGD), impaired testicular descent and reduced genital size [10]. Extensive experimental research on reproductive effects of phthalates
has been published indicating lower birth weight or early
body weight in rodents after prenatal exposure to various
phthalates [11–13]. Studies on humans demonstrated decreased sperm quality [14–16] and negative effects on children’s health [17], including reduced birth weight [18] and
impaired development of the reproductive system [19].
Evidence regarding EDCs and their importance in the
synthesis of selected cytokines, immunoglobulins, and cell
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mediators as well as their impact on immune cell activation
and survival has recently been presented by Chalubinski
and Kowalski [20]. Phthalates have also been suggested
to act as either allergens or adjuvants [21,22] and cause
allergy and asthma [23,24].
Although phthalates do not bioaccumulate in the body
like dioxins and other chemicals, their ubiquitous presence in the environment and the size of the population
exposed suggest that the potential impact of phthalate
exposure could be very large. Humans are exposed to
phthalates by multiple routes. Exposures can be oral
(e.g., DEHP via phthalate-contaminated food, water and
other liquids, in children through mouthing of toys and
tethers) or dermal (e.g., diethyl phthalate (DEP), via cosmetics and other personal care products). Exposure can
also be via inhalation (phthalates volatilize from PVC,
nail polish, hair spray, and other phthalate-containing
products) and parenteral (e.g., DEHP via tubing used in
neonatal intensive care nurseries). Because phthalates
can cross the placenta, exposure to the developing fetus
during critical points in development is also a concern.
Fetuses may have been exposed to phthalates and their
monoesters in the amniotic fluid of their mothers [25].
Once absorbed, phthalates are rapidly metabolized to
the high-molecular-weight monoesters, which can undergo further oxidation to form oxidative metabolites [26].
Phthalate metabolites have been detected in many body
tissues including urine, blood, semen, amniotic fluid
and breast milk [26]. Phthalates have also been measured in residential indoor environments in both house
dust [24,27] and indoor air [28] as well as in foods, milk,
and drinking water. However, the relative contribution from the various sources and routes of exposure to
phthalates is unknown [29].
As there is increasing evidence that exposure to phthalates may affect human health, the aim of this paper is to
critically review the literature on exposure to phthalates,
reproductive outcome and children health.

PHTHALATES — REPRODUCTIVE OUTCOME AND CHILDREN HEALTH

MATERIALS AND METHODS
Epidemiological studies focused on the exposure to
phthalates and reproductive outcome or children health
were identified by a search of the PubMed, Medline, Ebsco, Agricola and Toxnet literature databases. The combination of key words used were: exposure to phthalates,
reproductive disorders, pregnancy outcome, semen quality, endocrine disruptors, respiratory symptoms, children’s
neurodevelopment, precocious puberty. From each study,
the following information was abstracted: study population, type of outcome (pregnancy outcome, semen quality, neurodevelopment, respiratory symptoms, precocious
puberty), exposure and methods used for its assessment
(including biomarkers). Finally, in this review were included human studies published in English in peer reviewed
journals since 2000. The period was chosen because
there were few studies conducted on human health outcomes associated with phthalate exposure prior to 2000.
At that time the availability of sensitive, specific, and affordable bioassays made biomarkers feasible for the use
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in epidemiological studies for measuring exposures to
phthalates. At the same time, growing rodent literature
provided convincing data on the reproductive toxicity of
several commonly used phthalates [39].

RESULTS
Reproductive outcomes
Animal studies have showed that exposure to phthalates
results in profound and irreversible changes in the development of reproductive tract [4,31] especially in males,
raising the possibility that phthalate exposures could be
the leading cause of the reproductive disorders in humans [32,33].
Many adverse effects on animal fertility and reproduction have been documented for phthalates following
exposure before puberty. In particular, certain phthalates (DEHP, DBP, BBP) when administered to pregnant
experimental animals during a critical window of development appear to play a relevant role in determining

Table 1. Exposure to phthalates and reproductive outcome
Study population

Type
of study

Definition of exposure

Results

References
Wolff 2008 [18]

US, New York City
404 women

Cohort
study

Urine — 5 phenol
(2,5-DCP, 2,4-DCP,
TCS, BP3, BPA) and 10
(MECPP, MEHHP,
MEOHP, MEHP, MBzP,
MCPP, MiBP, MBP,
MEP, MMP) phthalate
metabolites (measured
in the third trimester
of pregnancy)

Low-molecular-weight phthalate
monoesters (low-MWP) metabolites had
a positive association with:
gestational age: 0.97 (95% CI: 0.07–1.9),
head circumference: 0.13 (95% CI:
0.01–0.24).
Higher prenatal exposure
to 2,5-dichlorphenol (2,5-DCP) predicted
lower birth weight in boys (–210 g average
birth weight)

Denmark
130 infants;
62 cryptorchid
/ 68 healthy boys

Cohort
study

Breast milk collected
1-3 months postnatally
was analyzed
for 6 phthalate
monoesters (MMP, MEP,
MBP, MBzP, MEHP,
MiNP)

MEP and MBP were positively correlated Mein 2006 [47]
with sex-hormone binding globin (SHBG)
(p = 0.002 and p = 0.01, respectively);
MMP, MEP, and MBP with the ratio of
LH to free testosterone (p = 0.002–0.044)
and MiNP with luteinizing hormone
(p = 0.019). MBP was negatively correlated
with free testosterone (p = 0.033).
IJOMEH 2011;24(2)
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Table 1. Exposure to phthalates and reproductive outcome — cont.
Study population
Italy,
84 newborns

Type
of study
Crosssectional

Definition of exposure
Serum DEHP and MEHP
concentrations in the cord
blood of 84 consecutive
newborns

Results
MEHP-positive newborns showed
a significantly lower gestational
age compared with MEHP-negative
infants (p = 0.033). Logistic regression
analysis results indicated a positive
correlation between absence
of MEHP in cord blood and gestational
age at delivery
(OR = 1.50; 95% CI: 1.013–2.21;
p = 0.043).

References
Latini 2003 [36]

2,5-DCP — 2,5-dichlorophenol; 2,4-DCP — 2,4-dichlorophenol; BP3 — benzophenone-3; TCS — triclosan; BAP — bisphenol A;
MCPP — mono-3-carboxypropyl phthalate; MEHHP — mono-(2-ethyl-5-hydroxylhexyl) phthalate; MEOHP — mono-(2-ethyl-5-oxohexyl)
phthalate; MiBP — monoisobutyl phthalate; MEP — monoethyl phthalate; MBzP — monobenzyl phthalate; MBP — monobutyl phthalate;
MECPP — mono-2-ethyl-5-carboxypentyl phthalate; MEHP — mono-(2-ethylhexyl) phthalate; MMP — monomethyl phtalate; MinP — monoisononyl
phthalate; DEHP — di-(2-ethylhexyl) phthalate.

Table 2. Exposure to phthalates and genital development
Study population

Type of
study

Definition of exposure

References

Taiwan,
65 pregnant women

Cohort
study

Amniotic fluid and urine
samples from pregnant
women were collected
to measure 5 phthalate
monoesters (MBP, MEHP,
MEP, MBzP, MMP)

Significant positive correlation
only between creatinine adjusted
urinary MBP and amniotic fluid
MBP (p < 0.05) in all infants and,
only in female infants, a significantly
negative correlation between amniotic
fluid MBP, AGD (p < 0.06), and the
anogenital index adjusted by birth weight
(p < 0.05)

Huang 2009 [54]

Mexico,
73 pregnant women

Hospitalbased
cohort

Phthalate monoester
metabolites, measured
in prenatal urine samples
(MEHP, MBzP, MEP,
MBP)

Statistically significant association
between MEP exposure and reduced
AGD and also between MBzP exposure
and reduced penis length and width

BustamanteMontes 2008 [53]

Significant associations between AGD
and the three metabolites of DEHP:
MEHHP, MEHP, MEOHP, as well
as their sum
Relationship between DEHP metabolites
and penile width. MEHP metabolite was
significantly and inversely related
to testicular descent.

Swan 2008 [52]

Multicenter 9 phthalate monoester
United States
Clinics affiliated with cohort study metabolites, measured
in prenatal urine
university hospitals
samples (MBP, MBzP,
in Los Angeles,
MCPP, MEP, MiBP,
Minneapolis, Columbia
MMP, MEHHP, MEHP,
and in Iowa City;
MEOHP)
134 boys 2–36 months
of age
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Table 2. Exposure to phthalates and genital development — cont.
Study population

Type of
study

Definition of exposure

United States,
Multicenter 9 phthalate monoester
Clinics affiliated with cohort study metabolites, measured
university hospitals
in prenatal urine
in Los Angeles,
samples (MBP, MBzP,
Minneapolis, Columbia
MCPP, MEP, MiBP,
and in Iowa City;
MMP, MEHHP, MEHP,
85 boys 2–36 months
MEOHP)
of age

Results
Urinary concentrations of MEP, MBP,
MBzP, MiBP were inversely related to
anogenital index (AGI)
Comparing boys with prenatal MBP
concentration in the highest quartile with
those in the lowest quartile, the odds ratio
for a shorter than expected AGI was 10.2
(95% CI: 2.5–42.2). The corresponding
odds ratios for MEP, MBzP, and MiBP
were 4.7, 3.8, and 9.1, respectively
(all p-values < 0.05)

References
Swan 2005 [8]

AGI — anogential index; AGD — anogenital distance/weight.
Other abbreviations as in Table 1.

reproductive and developmental toxicity [34]. These esters
have been shown to produce a syndrome of reproductive
abnormalities — the phthalate syndrome, characterized
by malformations of the epididymis, vas deferens, seminal
vesicles, prostate, external genitalia (hypospadias), cryptorchidism [10]. On other hand, only a limited number of
studies in human populations suggest an association between phthalate exposure and adverse reproductive health
outcomes [35]. A correlation was found between urinary
phthalate levels and pregnancy complications such as
anemia, toxemia, and preeclampsia in women living near
a plastics manufacturer [36,37]. The results of the studies
on exposure to phthalates and reproductive outcome in
humans are presented in Table 1 and their impact on genital development in Table 2.
Body size measures of the infants at birth
The study evaluating the association between prenatal
exposures to phthalates and phenol metabolites on body
size measures of the infants at birth was performed among
a cohort of pregnant New York City women. Concentrations of low-molecular-weight phthalate monoesters
(low-MWP) (which can be found in personal care products
like fragrances, shampoo, cosmetics, and nail polish) were

positively associated with gestational age and with head
circumference in boys and girls [18]. Higher prenatal exposures to 2,5-dichlorophenol (2,5-DCP) predicted lower
birth weight in boys (–210 g average birth weight difference
between the third tertile and first tertile of 2,5-DCP exposure) [18]. The phthalate exposure was also associated with
a shorter pregnancy duration in the study performed by
Latini and co-workers (2003) [25]. The authors measured
serum DEHP and mono-(2-ethylhexyl) phthalate (MEHP)
in the cord blood of 84 infants born in Italy. Infants for
whom MEHP and DEHP were detectable in cord blood
were categorized as “MEHP-positive” and “DEHP-positive”. MEHP-positive newborns showed a significantly lower gestational age compared with MEHP-negative infants.
No associations with gestational age were found for DEHP,
and no significant relations were observed between either
DEHP or MEHP and birth weight [25].
Reproductive hormones and cryptorchidism
The one study showing an association between phthalate exposure and reproductive hormones in boys was
performed in Denmark [38]. Both mono-ethyl phthalate
(MEP) and mono-n-butyl phthalate (MBP) showed significant positive correlations with sex hormone-binding
IJOMEH 2011;24(2)
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globulin (SHBG). Mono-methyl phthalate (MMP), MEP,
and MBP were significantly positively correlated with the
luteinizing hormone (LH)/free testosterone ratio, while
mono-isononyl phthalate (MiNP) was positively correlated with increasing level of LH. MBP was negatively correlated with free testosterone. However, no association was
found between phthalate monoester levels and cryptorchidism in boys in that study [38].
Anogenital distance
Anogenital distance (AGD) is an indicator of in utero androgenic exposure [39] and has been added to the US EPA
testing guidelines for reproductive toxicity studies [40–42].
The first study which examined AGD in relation to prenatal
phthalate exposure in humans was performed in four cities in United States (Los Angeles, Minneapolis, Columbia, Iowa City) in a multicenter pregnancy cohort study
(85 boys) [8]. Anogenital index (AGI) was defined as AGD
divided by weight at examination [AGI = AGD/weight
(mm/kg)] and the age-adjusted AGI was calculated by regression analysis. Urinary concentrations of four phthalate
metabolites: MEP, MBP, monobenzyl phthalate (MBzP),
and monoisobutyl phthalate (MiBP) were inversely related to AGI (p-values for regression coefficients ranged
from 0.007 to 0.097). Comparison was done between boys
with prenatal MBP concentration in the highest quartile and those in the lowest quartile. The odds ratio for
a shorter than expected AGI was 10.2, 95% CI: 2.5–42.2.
The corresponding odds ratios for MEP, MBzP, and MiBP
were 4.7, 3.8, and 9.1, respectively (all p-values < 0.05).
This data supports the hypothesis that prenatal phthalate
exposure at environmental levels can adversely affect male
reproductive development in humans [8]. This study was
updated by Swan in 2008 [43] by including a bigger sample
size (106 boys) and analysing examined DEHP metabolite concentrations in relation to both AGD and two other
endpoints consistent with the phthalate syndrome (e.g., penile width and testicular descent). In the updated analysis,
120
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significant associations between decrease of AGD and the
three metabolites of DEHP, 5 mono(2-ethylhexyl) phthalate (MEHHP), MEHP, 5 oxo-mono-(2-ethylhexyl) phthalate (MEOHP)), as well as their sum were found. Relationships between DEHP metabolites (most notably MEHP)
and penile width were observed as well [43].
Another study of 73 pregnant Mexican women in a hospital-based cohort investigated the association between exposure to MEHP, MBzP, MEP and MBP during pregnancy
and AGD in male newborns. This study found a statistically significant association between MEP exposure and
reduced AGD and also between MBzP exposure and reduced penis length and width [44].
In the study performed in Taiwan, amniotic fluid and
urine samples from 65 pregnant women were collected to
measure five phthalate monoesters (MBP, MEHP, MEP,
MBzP and mono-methyl phthalate (MMP)). A borderline
significantly negative correlation was found in female infants between amniotic fluid MBP and AGD (p < 0.06)
as well as the anogenital index adjusted by birth weight
(p < 0.05). However, no correlation was found between
prenatal phthahlate exposure in utero and AGI in male
newborns [45].
Summing up: the effects of phthalates exposure on pregnancy outcome in humans are by no means consistent.
While some phthalates (DEHP and metabolite MEHP)
seem to be negatively associated with gestational age [25],
others, like the sum of low and high molecular weight
phthalate monoesters (low MWP and high MWP) exposure, had shown a positive association with gestational age
and with head circumference [18].
Reproductive hormones seem to be affected by the exposure to phthalates. MMP, MEP, and MBP were significantly positively correlated with the luteinizing hormone
(LH)/free testosterone ratio and MiNP with increasing
level of LH. Similarly, MBP was negatively correlated
with free testosterone [38]. Phthalate exposure (MEP,
MBP, MBzP, MiBP, MEHP, MEOHP, MEHHP) also was
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associated with reduced anogenital distance [8,43–45].

and adult Leyding cells when rats were exposed to higher

On the other hand, no association was found between

doses [46]. Other studies in animals showed reduction of

phthalate monoester levels and cryptorchidism [38], which

protein levels in fetal Leyding cells and deregulation of

is consisted with animal studies.

cholesterol transport and steroid synthesis [47].
Several recent epidemiological studies have addressed

Semen quality, sperm DNA damage and male

the male reproductive toxicity of phthalates [14,15,

reproductive hormones

48–52] (Table 3). Duty et al. [48], in Boston compared

Laboratory experiments with rodents have shown that

levels of eight phthalate metabolites in urine among

phthalates can adversely affect sperm quality. Ge et al. [46]

men with normal and abnormal semen quality recruited

found that at lower doses phthalates increase testosterone

from 168 subfertile couples. They observed an inverse

production either by increasing Leyding cell numbers or

dose-response relationship between two phthalate me-

by directly stimulating testosterone production [46]. How-

tabolites (MBP, MBzP) and both sperm concentra-

ever, inhibition of testosterone was noticed in both fetal

tion and motility. These findings were corroborated

Table 3. Exposure to phthalates and semen quality
Study population

Type of
study

Definition of
exposure

Semen analysis

Results

References

United States
Male partners
(N = 45) of
subfertile couples
presenting
to a Michigan
infertility clinic

Crosssectional
pilot
study

Urinary
concentrations
of phthalate
metabolites: MEP,
DEHP, mono3-carboxypropyl
phthalate

Motility,
concentration
and morphology

Low sperm concentration was Wirth 2008 [59]
significantly associated with
above median concentrations of
MEP and low morphology with
above median concentrations
of mono-3-carboxypropyl
phthalate. Increased odds
for low concentration and
above median concentrations
of metabolites of DEHP
(OR = 5.4, 95% CI: 0.9–30.8)
and low morphology and above
median concentrations of MEP
(OR = 3.4, 95% CI: 0.9–13.8)
were also found

India
Urban/rural
population of
Lucknow visiting
Obstetrics and
Gynecology
Department

Crosssectional

Urinary
concentrations
of 5 phthalate esters
(DEP, DEHP, DBP,
DMP, DOP)

Motility,
concentration
and morphology

Infertile men showed
Pant 2008 [60]
statistically significant
(p < 0.05) higher levels
of pollutants in the semen
than fertile men. A negative
correlation between semen
phthalate level viz DEHP and
sperm quality and positive
association with depolarized
mitochondria, elevation in ROS
production and LPO, DNA
fragmentation was established
IJOMEH 2011;24(2)
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Table 3. Exposure to phthalates and semen quality — cont.
Study population

122

Type of
study

Definition of
exposure

Semen analysis

Results

References

United States
Cross463 male partners
sectional
of subfertile couples
who presented for
semen analysis to
the Massachusetts
General Hospital
between
January 2000
and May 2004

Phthalate metabolites
in urine were
measured (MEP,
MBP, MBzP, MMP,
MEHP, MEHHP,
MEOHP)

Comet extent
(CE), percentage
of DNA in tail
(Tail%) and
tail distributed
moment
(TDM)

MEP was associated with
increased DNA damage.
MEHP was associated
with DNA damage after
adjustment for the oxidative
DEHP metabolites. After
adjustment for MEHHP,
for an interquartile range
increase in urinary MEHP,
CE increased 17.3% (95% CI:
8.7–25.7), TDM increased
14.3% (95% CI: 6.8–21.7)
and Tail% increased 17.5%
(95% CI: 3.5–31.5)

China
CrossParticipants residing sectional
in Shanghai were
surveyed in 2002.
Semen samples
of 52 men (aged
from 23 to 48 years)
were collected
from outpatients of
Shanghai Institute of
Planned Parenthood
Research

Concentrations
of three kinds of
commonly used
phthalates (DEP,
DBP, DEHP)

Sperm density,
livability,
concentration

There was a significant positive Zhang 2006 [61]
association between liquefied
time of semen and phthalate
concentrations of semen.
There was no significant
difference between phthalate
concentrations of semen and
sperm density or livability

United States
Cross463 male partners
sectional
of subfertile couples
who presented for
semen analysis to
the Massachusetts
General Hospital
between
January 2000 and
May 2004

Phthalate metabolites
in urine were
measured (MEP,
MBP, MBzP)

Sperm
concentration,
motility,
morphology

There were dose-response
Hauser 2006 [15]
relationships of mono-butyl
phthalate MBP with low sperm
concentration and motility.
There was suggestive evidence
of an association between the
highest MBzP quartile and low
sperm concentration

United States
Cross295 male partners
sectional
of subfertile couples
who presented for
semen analysis to
the Massachusetts
General Hospital
between 1999
and 2003

5 phthalate
metabolites were
measured in urine
(MBP, MEP, MBzP,
MEHP, MMP)

Sexual hormones

An interquartile range (IQR)
Duty 2005 [14]
change in MBzP exposure
was significantly associated
with a 10% decrease in FSH
concentration. An IQR
change in MBP exposure was
associated with a 4.8% increase
in inhibin B but this was of
borderline significance

IJOMEH 2011;24(2)
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Table 3. Exposure to phthalates and semen quality — cont.
Type of
study

Definition of
exposure

Sweden
234 young
Swedish men

Crosssectional

Urinary
concentrations of 4
phthalate metabolites
(MEP, MEHP, MBzP,
MBP)

Semen
volume, sperm
concentration
and motility were
measured, together
with sperm
chromatin integrity
(sperm chromatin
structure assay)
and biochemical
markers of
epididymal and
prostatic function,
reproductive
hormones in serum

Subjects within the highest
Jonsson 2005 [58]
quartile for MEP had fewer
motile sperms, more immotile
sperms, and lower luteinizing
hormone values, but there was
no suggestion of harmful effects
for most other endpoints

United States
168 men from the
Massachusetts
General Hospital
Andrology
Laboratory

Crosssectional

8 phthalate
metabolites were
measured in urine
(MEP, MMP, MEHP,
MBP, MBzP, MOP,
MINP, MCHP)

Comet extent —
a measure of total
comet length (μm),
percent DNA in
tail (tail%) —
a measure of the
proportion of total
DNA present in
the comet tail,
tail distributed
moment (TDM) —
an integrated
measure of length
and intensity (μm)

Duty 2003 [63]
With increased MEP level,
the comet extent increased
significantly by 3.6 μm
(95% CI: 0.74–6.47); the TDM
also increased 1.2 μm (95% CI:
–0.05–2.38) MBP, MBzP,
MMP, and MEHP were not
significantly associated with
comet assay parameters

United States
Cross168 men who were sectional
part of subfertile
couples and who
presented to the
Massachusetts
General Hospital
andrology
laboratory for semen
analysis between
January 2000
and April 2001

8 phthalate
metabolites were
measured in urine
(MEP, MMP, MEHP,
MBP, MBzP, MOP,
MINP, MCHP)

Sperm
concentration,
motility,
morphology

A dose-response relation
between tertiles of MBP
and sperm motility and
sperm concentration.
There was a dose-response
relation between tertiles of
MBzP phthalate and sperm
concentration

Study population

Semen analysis

Results

References

Duty 2003 [57]

DEP — diethyl phthalate; DBP — di-n-butyl phthalate; DEHP — di-(2-ethylhexyl) phthalate; DMP — dimethyl phthalate; DOP — di-octyl pthalate;
MNIP — mono-3-methyl-5-dimethylhexyl (isononyl) phthalate; MCHP — monocyclohexyl phthalate.
Other abbreviations as in Table 1.
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in a subsequent study of 463 infertile men using the same
study design [15] and to some extent by a smaller study
including 45 infertility clinic clients from the Great Lakes
Region in US [50]. In line are also results of a study performed in India. A negative correlation between semen
DEHP metabolites’ level and sperm concentration, motility, % of abnormal sperm was found in a population of
men that visited an infertility clinic [51].
In the US population studied by Hauser and Duty, there
was evidence of sperm DNA damage as assessed by the
neutral comet assay, in association with increasing exposure to MEP and MEHP [53,54]. Duty noticed that for
an interquartile range increase in specific gravity–adjusted
MEP level, the comet extent increased by 3.6 μm and tail
distributed moment (TDM) by 1.2 μm [54]. Also Hauser
noticed that MEP was asociated with increased DNA
damage while such effect for MEHP was observed after
adjustment for the oxidative DEHP metabolites. Comet
extent (CE), tail distributed moment (TDM) and Tail%
increased by 17.3%, 14.3% and 17.5%, respectively, for an
interquartile range increase in urinary MEHP [53].
Another study performed by Duty and co-workers [14]
showed that an interquartile range (IQR) change in MBzP
exposure was significantly associated with a 10% decrease
in FSH concentration. Additionally, an IQR change in
MBP exposure was associated with a 4.8% increase in inhibin B, but this was of borderline significance [14].
Similarly in a Swedish study, Jonsson et al. (2005) [49] reported that subjects within the highest quartile for MEP
had fewer motile sperms, more immotile sperms, and lower luteinizing hormone values.
However, in the study in China there was no significant relation between phthalate concentrations and sperm density and liveability and there was a significant positive association between liquefied time of semen and phthalate
(DEP, DBP, DEHP) concentrations of semen [52].
Summing up, results of several studies of subfertile
men demonstrate associations between phthalate levels
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commonly experienced by the public and impaired sperm
quality (impact on sperm concentration, morphology, motility), but findings have not been corroborated in studies
of men from the general population. Effects of phthalates
in sexually mature rodents have only been seen at much
higher exposure levels, which suggest higher susceptibility
of human males. It remains to be investigated if maternal
exposure to phthalates have bearings as to semen quality in the offspring. Long term prospective studies of boys
exposed in utero to phthalates would be needed to answer
this question.
Children’s neurodevelopment
As experimental studies suggest that higher levels of
DEHP may have adverse effects on neurobehavioral parameters in mice [12], there is growing concern about the
adverse effects of phthalates on children’s neurodevelopment. In recent years, there has been concern about
mental conditions, ranging from cognitive impairment
to schizophrenia, that have been linked to endocrine disruption [55]. Animal studies have also revealed that the
phthalate might cause hyperactivity similar to the clinical syndrome of attention-deficit/hyperactivity disorder
(ADHD) found in children [56].
Exposures to phthalates have been examined in relation
to neurodevelopment among neonates 5 days after birth
in United States [57], in Korea in children from elementary schools [58,59] and in United States both among children 4–9 years [60] and 3.6–6.4 years of age [61] (Table 4).
In the study performed among neonates enrolled in a multiethnic birth cohort at the Mount Sinai School of Medicine in New York City, maternal urinary concentrations of
phthalate metabolites and neonatal behaviors measured
within 5 days of birth using the Brazelton Neonatal Behavioral Assessment Scale were evaluated. There were strong,
inverse associations between increasing concentrations
of high molecular weight phthalate metabolites [MBzP,
mono-(2-ethyl-5-carboxypentyl) phthalate (MECPP),
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Table 4. Exposure to phthalates and children’s neurodevelopment
Study population

Type of
study

Definition of
exposure

Test used

Results

References

US, New York City
404 women;
188 children
between the ages
of 4 and 9 years

Cohort
study

Third-trimester
maternal urines
were collected
and analyzed
for 10 phthalate
metabolites
(MECPP, MEHHP,
MEOHP, MEHP,
MBzP, MCPP,
MiBP, MBP, MEP,
MMP)

Parent-report
forms of the
Behavior Rating
Inventory of
Executive
Function (BRIEF)
and Behavior
Assessment
System for
Children-Parent
Rating Scales
(BASC-PRS)

Increased loge concentrations of low Engel 2010 [69]
molecular weight (LMW) phthalate
metabolites were associated with
poorer scores on the clinical scale:
aggression: 1.24 (95% CI: 0.15– 2.34),
conduct problems:
2.40 (95% CI: 1.34–3.46),
attention problems:
1.29 (95% CI: 0.16– 2.41),
depression: 1.18 (95% CI: 0.11–2.24)
Composite scale:
externalizing problems:
1.75 (95% CI: 0.61–2.88),
behavioral symptom index:
1.55 (95% CI: 0.39–2.71)
Global Executive composite
index: 1.23 (95% CI: 0.09–2.36)
Emotional control scale:
1.33 (95%CI: 0.18–2.49)

South Korea
667 children at
nine elementary
schools in five
South Korean
cities

A crosssectional
study

Concentrations
of 3 urinary
phthalate
metabolites
(MEHP, MEOHP,
MBP)

Korean
Educational
Development
Institute–Wechsler
Intelligence Scale
for Children
(KEDI-WISC)
and Korean
Wechsler Adult
Intelligence Scale
(K-WAIS) for
mothers

Significant negative relationship
Cho 2010 [68]
between the urine concentrations of
the metabolites of DEHP and DBP
and children’s vocabulary subscores
after controlling for maternal IQ.
Among boys — negative
association between increasing
MEHP phthalate concentrations
and the sum of DEHP metabolite
concentrations and Wechsler
Intelligence Scale for Children
vocabulary score; however, among
girls — no significant association
between these variables were found

Seul, Korea
261 Korean
children, age:
8–11 years

Crosssectional
study

Concentrations
of 5 urinary
phthalate
metabolites
(MEHP, MEOP,
MEHP+ MEOP,
MNBP, MBP)

Korean
Educational
Development
Institute-Wechsler
Intelligence
Scales (KEDIWISC), which
test vocabulary,
arithmetic, picture
arrangement, and
block design

Teacher-rated ADHD scores were
Kim 2009 [67]
significantly associated with DEHP
metabolites but not with DBP
metabolites. Significant relationships
were also found between the urine
concentrations of metabolites for
DBP and the number of omission
and commission errors in continuous
performance tests
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Table 4. Exposure to phthalates and children’s neurodevelopment — cont.
Study population

Type of
study

Definition of
exposure

Test used

Results

References
Swan 2009 [70]

United States
Multicenter Urine samples
Clinics affiliated
pregnancy were collected
with university
cohort study during midhospitals in
pregnancy at
Los Angeles,
the time of the
Minneapolis,
mother’s prenatal
Columbia and
visit; 5 phthalate
in Iowa City;
metabolities were
74 boys and 71 girls
measured (MEHP,
(3.6–6.4 years
MEHHP, MEOHP,
of age)
MnBP, MiBP)

Preschool
Activities
Inventory (PSAI)
is designed to
discriminate
play behaviour
both within and
between the sexes
as well as a brief
questionnaire that
included questions
on other relevant
covariates (such as
age, number
and age of
siblings, parental
education and
questions on
parental attitudes
towards sexatypical toy
choice)

Concentrations of MnBP MiBP
and their sum, were associated
with a decreased (less masculine)
composite score in boys.
Concentrations of two urinary
metabolites DEHP, MEOHP
and MEHHP and the sum of
these DEHP metabolites plus
mono(2-ethylhexyl) phthalate
were associated with a decreased
masculine score

United States,
Cohort
New York City
study
295 children
enrolled in
a multiethnic
birth cohort
between 1998
and 2002 at the
Mount Sinai
School of Medicine

Brazelton
Neonatal
Behavioral
Assessment Scale
(BNBAS) to
children
within 5 days
of delivery

Among girls, there was a significant Engel 2009 [66]
linear decline in adjusted mean
Orientation score with increasing
urinary concentrations of high
molecular weight phthalate
metabolites (p = 0.02). Likewise,
there was a strong linear decline
in their adjusted mean Quality of
Alertness score (p < 0.01).
Indication of improved motor
performance with increasing
concentration of low molecular weight
phthalate metabolites among boys

Metabolites of 10
phthalate esters
in maternal urine
between 25 and 40
weeks gestation
were measured
(MMP, MEP, MBP,
MiBP, MBzP,
MECPP, MEHHP,
MEOHP, MEHP,
MCPP)

Abbreviations as in Tables 1 and 3.
Low molecular weight phthalate — MMP, MEP, MBP, MiBP.
High molecular weight phthalate — MBzP, MECPP, MEOHP, MEHP, MCPP.

MEHHP, MEOHP, MEHP, mono-(3-carboxypropyl)
phthalate (MCPP)] and orientation scores among girls.
Similarly, there was an inverse association between high
molecular weight metabolite concentrations and Quality of
Alertness scores among girls. Among boys, there appeared
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to be a slight positive association between increasing low
molecular weight metabolite concentrations (MMP, MEP,
MBP, MiBP) and motor performance [57].
In childhood, phthalate exposure was associated with
attention deficit hyperactivity disorder (ADHD) in

PHTHALATES — REPRODUCTIVE OUTCOME AND CHILDREN HEALTH

a cross-sectional study of South Korean children between
the ages of 8 and 11 years [58]. Another study performed
in South Korea among 667 elementary schools children
evaluated a relationship between the urine concentrations
of the metabolites of DEHP and DBP and children’s vocabulary scores. Among boys, but not girls, a negative association was found between increasing MEHP phthalate
concentrations and the sum of DEHP metabolite levels
and vocabulary score [59].
The association of prenatal phthalate exposure with behavior and executive functioning at 4–9 years of age was
examined in multiethnic prenatal population in New York
City. However, in multivariate adjusted models, increasing loge concentrations of low molecular weight phthalate
metabolites (MBP, MEP, MiBP, MMP) were significantly
associated only with poorer scores on conduct problems [60]. Another study in the United States assessed the
play behavior in relation to phthalate metabolites [MEHP,
MEHHP, MEOHP, ∑DEHP, mono-n-butyl phthalate
(MNBP), MiBP, ∑DBP] concentration in prenatal urine
samples. Phthalate metabolites measured in mid-pregnancy urine samples showed that concentrations of phthalate
metabolites were associated with a decreased (less masculine) composite score in boys [61].
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The findings of the reviewed studies indicate that children’s exposure to phthalates (MBzP, MECPP, MEHHP,
MEOHP, MEHP, MCPP, MMP, MEP, MBP, MiBP,
∑DEHP, ∑DBP) may bring about impairments in the
neurodevelopmental processes. The observed risks are generally presumed to be related to the endocrine altering
properties of these chemicals [57,61]. In all those studies,
exposure to phthalates was associated with neurodevelopmental disorders reflected by significantly poorer scores
on conduct problems [60], quality of alertness among
girls [57], decreased (less masculine) composite score in
boys [61] and lower concentrations and vocabulary score
among boys [59] as well as attention deficit hyperactivity
disorder (ADHD) [58].
Thyroid function in children
A normal thyroid function is important for growth and neurological development in children, and hypothyroidism in
childhood is accompanied by growth retardation. A growing number of reports have indicated that phthalates can
interfere with thyroid function in pregnant women [62] and
men [63]. However, so far only one study examined phthalate-related thyroid-disrupting effects in children. In a study
performed in Denmark among 845 children 4–9 years

Table 5. Exposure to phthalates and thyroid function
Study population
Denmark
845 children
4–9 years of age

Type of
study
Cohort
study

Definition of
exposure
12 phthalate
metabolites in urine
(MEP, MBP, MBzP,
MEHP, MEHHP,
MEOHP, MECPP,
MOP, MiNP, MHiNP,
MOiNP, MCiOP)

Outcome
Thyroid function,
Insulin-like
growth factor I,
growth

Results

References

Phthalate metabolites were
Boas 2010[73]
negatively associated with
serum levels of free and total
triiodothyronine. Metabolites
of di-(2-ethylhexyl) phthalate
and diisononyl phthalate were
negatively associated with
IGF-I in boys. Most phthalate
metabolites were negatively
associated with height, weight,
body surface, and height gain in
both sexes

Abbreviations as in Tables 1 and 3.
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of age, the concentrations of phthalate metabolites in urine
samples and their association with thyroid function, insulin-like growth factor I (IGF-I), and growth parameters in
children were assessed. The authors noticed that in girls,
phthalate metabolites were negatively associated with serum levels of free and total triiodothyronine, while metabolites of DEHP and DiNP phthalate were negatively associated with IGF-I in boys. Urinary phthalate concentrations
were negatively associated with childhood growth rate and
anthropometric measurements such as height, weight, body
surface and weight gain [64] (Table 5).
Precocious puberty
In females, the physical signs associated with the onset
of puberty are enlargement of the breasts, ovaries, and
uterus, as well as the growth of pubic and axillary hair
with apocrine secretion. The process by which puberty
occurs is primarily regulated by the endocrine system
through its chemical messengers, specifically the sexual
hormones [65]. Only in a small percentage of cases there
is an underlying medical condition such as a pituitary
tumor [66].

Precocious puberty is of particular concern in women because early timing of puberty is associated with the development of breast cancer [67]. Recently Lopez-Carrillo and
co-workers [68] examined the association between urinary
concentrations of phthalate metabolites and breast cancer in Mexican women [68]. MEP urinary concentrations
were positively associated with breast cancer. Risk was
even stronger when estimated for premenopausal women.
Pubertal gynecomastia referring to the enlargement of male
breasts attributable to the proliferation of ductile elements,
is a common problem occurring in up to 65% of adolescent boys [69]. In the study performed in Turkey, Durmaz
et al. [70] determined the plasma DEHP and MEHP levels in pubertal gynecomastia cases [70]. Plasma DEHP and
MEHP levels were found to be statistically significantly
higher in the pubertal gynecomastia group compared with
the control group. In the pubertal gynecomastia group, no
correlation was determined between plasma DEHP and
MEHP levels and any of the examined hormone levels
(luteinizing hormone (LH), follicle-stimulating hormone
(FSH), estradiol, prolactin, thyrotropin, free triiodothyronine (FT3), free thyroxine (FT4)) [70] (Table 6).

Table 6. Exposure to phthalates and precocious puberty
Study population

Type of
study

Turkey
Case40 newly
control
diagnosed pubertal
gynecomastia cases
who were admitted
to Hacettepe
University
Children’s Hospital.
The control group
comprised 21
age-matched
children without
gynecomastia or
other endocrinologic
disorder
128

IJOMEH 2011;24(2)

Definition of
exposure
DEHP and MEHP
levels in plasma

Outcome
Pubertal
gynecomastia

Results
Plasma DEHP and MEHP
levels were found to be
statistically significantly higher
in the pubertal gynecomastia
group compared with the
control group
DEHP: OR = 2.77
(95% CI: 1.48–5.21),
MEHP: 24.76
(95% CI: 3.5–172.6)

References
Durmaz 2010 [79]
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Table 6. Exposure to phthalates and precocious puberty — cont.
Study population

Type of
study

Definition of
exposure

Outcome

Results

United States
Multicenter 9 phthalate
Precocious
28 girls with central crossmetabolites in
puberty (CPP)
precocious puberty sectional
urine (MBP, MBzP,
(CPP) and 28 ageMCPP, MECPP,
and race-matched
MEHP, MEHPP,
prepubertal females
MEOHP, MiBP,
MEP)

No significant differences
between the children with
CPP and the controls in
either absolute or creatininenormalized concentrations
of any of the 9 phthalate
metabolites were found

China, Shanghai
110 precocious girls
and 100 control
children

Casecontrol

Puerto Rico
Cross41 samples from
sectional
thelarche patients
study
and 35 control (girls
younger than 8 years
of age)

References
Lomenick 2010 [82]

Serum level of:
DBP and DEHP

Precocious
puberty

Qiao 2007 [81]
Precocious girls’ uterus and
ovary volumes were higher
than those of normal children
respectively (p < 0.05,
p < 0.05). DBP in serum of
precocious girls had positive
correlation with the volumes
of the uteruses (r = 0.456,
p < 0.05), and had positive
correlation with volumes of the
ovaries (r = 0.378, p < 0.01).
DEHP in serum of precocious
puberty had positive correlation
with the volumes of uteruses
(r = 0.382, p < 0.05), and
had positive correlation with
volumes of ovaries (r = 0.689,
p < 0.01)

Blood serum
analysis of DEHP,
MEHP, DOP, BBP,
DEP, DBP

Premature
thelarche

Significantly high levels of
phthalates (DMP, DEP,
DBP, DEHP and its major
metabolite, MEHP) were
identified in 28 (68%) samples
from thelarche patients

Colon 2000 [80]

Abbreviations as in Tables 1 and 3.

Colón et al. [71] reported that levels of phthalates, particularly DEHP in serum of Puerto Rico girls with premature
thelarche were statistically significantly higher compared
with the control girls.
In the study conducted in China, DEHP levels in girls
with precocious puberty were found to be higher compared with the control group. It was noted also that girls
with higher DEHP levels have larger ovarian and uterus

size [72] (Table 6). In the United States, in a multicenter
cross-sectional study among 28 girls with central precocious puberty (CPP) and 28 age- and race-matched prepubertal females no significant differences in effects of
either absolute or creatinine-normalized concentrations
of any of the phthalate metabolites (MBP, MBzP, MCPP,
MECPP, MEHP, MEHPP, MEOHP, MiBP, MEP) were
found [73] (Table 7).
IJOMEH 2011;24(2)
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Table 7. Exposure to phthalates and respiratory problems
Study population
Sweden
4779 children
(1–3 years at baseline
and 6–8 years
at follow up)

Type of
study
Cohort
study

CrossBułgaria
A total of 102 children sectional
(2–7 years of age) with study
symptoms of wheezing,
rhinitis, and/or eczema
in preceding 12 months
(cases), and 82 were
nonsymptomatic
(controls)

130

Exposure

The questionnaire included Asthma,
questions on building
rhinitis,
characteristics, and flooring and eczema
materials in the bedrooms
(PVC, plastic cork, wood,
linoleum, stone, and wallto-wall carpet)

Results
Adjusted analyses showed that
the incidence of asthma among
children was associated with PVCflooring in the child’s bedroom
(OR = 1.52; 95% CI: 0.99–2.35)
and in the parent’s bedroom
(OR = 1.46; 95% CI: 0.96–2.23)

References
Larsson
2010 [87]

Kolarik
Dust samples from the
Wheezing, The concentration of DEHP
rhinitis,
was significantly associated with
2008 [24]
child’s bedroom were
wheezing in the preceding 12 months
collected. The dust samples eczema
(p = 0.035) as reported by parents.
were analyzed for their
A dose–response relationship
content of DMP, DEP,
between DEHP concentration and
DnBP, BBzP, DnOP
case status and between DEHP
concentration and wheezing in the
preceding 12 months was found

Sweden
10 851 children
(1–6 years)

CrossParental reported PCV
sectional flooring in sleeping rooms
study

Sweden
198 cases with
persistent allergic
symptoms and 202
controls without
allergic symptoms
(3–8 years of age)

Nested
casecontrol
study

Russia (nine cities)
5951 Russian
8–12-year-old
schoolchildren

CrossExposure assessment was
sectional based on the following
study
question: “Have you
conducted any of the
following renovations in
your home within
the past 12 months or
earlier?” The choices
were installation of
linoleum floor, painting,
particleboard, new
furniture, synthetic
carpet, wall covering, and
suspended ceiling
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Outcome

Wheezing,
cough
at night,
asthma,
rhinitis,
eczema

Dust samples were collected rhinitis,
from molding and shelves eczema,
in children’s bedroom.
asthma
Dust concentrations of six
phthalates were determined
(DEP, DIBP, DnBP, BBzP,
DEHP, DINP

Current
asthma,
wheezing,
and allergy

The combination of water leakage
in the home and PVC as flooring
material in the child’s or parent’s
bedroom was associated to higher
prevalence of airways symptoms
among children

Bornehag
2005 [33]

Higher median concentrations of
Bornehag
BBzP in dust among cases than
2004 [23]
among controls (0.15 vs. 0.12 mg/g
dust) was found. Analyzing the case
group by symptoms showed that
BBzP was associated with rhinitis
(p = 0.001) and eczema (p = 0.001),
whereas DEHP was associated with
asthma (p = 0.022)
The risks of current wheezing
Jaakkola
(OR = 1.36; 95% CI: 1.00–1.86)
2004 [86]
and allergy (OR = 1.31;
95% CI: 1.05–1.65) were significantly
related to the installation of linoleum
flooring during the past 12 months
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Table 7. Exposure to phthalates and respiratory problems — cont.
Study population
Finland
2568 Finnish children
aged 1–7 years

Type of
study

Exposure

CrossParents responses to
sectional a question assessing the
study
proportion of plastic wall
surfaces in the home

Outcome
Current
asthma,
allergic
rhinitis,
persistent
wheezing,
persistent
cough,
persistent
phlegm,
weekly
nasal
congestion/
excretion,
respiratory
infections

Results

References

Jaakkola
Lower respiratory tract
2000 [85]
symptoms — persistent wheezing
(OR = 3.42; 95% CI: 1.13–10.36),
cough (OR = 2.41, 95% CI:
1.04–5.63), phlegm (OR = 2.76;
95% CI: 1.03–7.41) — were strongly
related to the presence of plastic wall
materials, whereas upper respiratory
symptoms were not.
The risk of asthma (OR = 1.52;
95% CI: 0.35–6.71) and pneumonia
(OR = 1.81; 95% CI: 0.62–5.29)
was also increased in children
exposed to such materials

DIBP — diisobutyl phthalate; DnBP — di-n-butyl phthalate; BBzP — n-butylbenzyl; DINP — diisononyl phthalate; DnOP — di-n-octyl phthalate.
Other abbreviations as in Table 3.

The results of the most of presented studies indicate
that the levels of phthalates were statistically significantly higher in the pubertal gynecomastia groups compared with the controls [70]. Both in case of premature
thelarche [71] and precocious puberty [72], levels of
DEHP were statistically significantly higher compared
with the control girls. However, the last finding was
not confirmed in the study performed by Lomenick
et al. (2010) [73].
Respiratory problems in children
In the developed parts of the world, people spend as much
as 90% of their life indoors [74], which implies that indoor
environmental conditions are important for their health.
On the other hand, there has been an increase in asthma
and allergy during the past few decades. Because of the
rapid character of this phenomenon, it is believed to be
caused by changes in environmental exposures rather than
genetic changes [75]. There is accumulating scientific data
supporting the hypothesis that exposure to phthalates from

soft polyvinyl chloride (PVC) used in building materials
and in a huge number of consumer products may be linked
to asthma. Cross-sectional studies from Sweden, Russia
and Finland showed that both PVC flooring and PVC wall
covering material were associated to airway symptoms in
children [27,76,77]. Furthermore, two case-control prevalence studies from Sweden and Bulgaria reported an association between the concentration of DEHP in indoor
dust and asthma⁄wheezing in children [23,24]. Finally, in
a cohort study in Sweden, parental reported PVC flooring
in the child’s as well as in the parent’s bedroom when children were 1–3 years of age was associated with incident
asthma 5 years later [78] (Table 7).
In Finland, in population-based cross-sectional study involving 2568 Finnish children aged 1 to 7 years, plastic
wall materials in homes (reported by parents) were significantly associated to airway symptoms: wheezing, cough,
phlegm, asthma, pneumonia in adjusted analysis [76]. The
second study performed by the same group of authors
[77] among 5951 Russian 8–12-year-old schoolchildren
IJOMEH 2011;24(2)
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studied risks of current asthma, wheezing, and allergy with
relation to recent renovation and the installation of materials with potential chemical emissions (based on parental
questionnaire). PVC and linoleum flooring material was
significantly associated with airway symptoms: current
wheezing and allergy in adjusted analysis [77].
Another cross-sectional study in Sweden related home
characteristics including exposure to PVC flooring and
dampness problems to symptoms in airway, nose, and
skin among 10 851 children (1–6 years) [27]. In this study,
PVC flooring in combination with water leakage in the
home was significantly associated with airway symptoms
(wheezing, rhinitis) in adjusted analysis [27].
In nested case–control study performed by the same group
among children 3–8 years of age, benzylbutylphthalate
(BBzP) was associated with rhinitis and eczema, whereas
DEHP was related to asthma [23].
The similar pattern was found in study of children in Sofia
and Burgas [24]. Dust samples from the child’s bedroom
were collected. A dose–response relationship between
concentrations of DEHP and increasing prevalence of
wheezing in the following 12 months (p = 0.035) as reported by parents was found [24].
The most current cohort study was performed in Sweden
to examine the association between exposure to PVC
flooring in the child’s and parent’s bedroom in homes of
children aged 1–3 and the incidence of asthma, rhinitis,
and eczema during the following 5-year period [78]. Exposure assessment was based on parental reporting of PVC
flooring in sleeping rooms. PVC-flooring in the child’s
bedroom and in the parents’ bedroom was associated with
doctor diagnosed asthma in analysis adjusted for smoking
in family, age, sex, allergy in family, single-parenthood,
multifamily house [78].
Based on results presented above, there seems to be possible association between exposure to phthalates (DEHP,
and BBzP ) and the occurrence of asthma symptoms and
allergy. The PCV flooring at home and the plastic wall
132
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materials impact on the occurrence of asthma, wheezing,
cough and pneumonia.

DISCUSSION
The results of the reviewed studies suggest that exposure
to several phthalates may affect reproductive outcome
and children health in terms of gestational age, body size
measures, reproductive hormones, genital development,
neurodevelopment, thyroid function, semen quality, precocious puberty and respiratory system abnormalities
(asthma, wheezing, eczema).
Most of the presented studies found an association between exposure to phthalates (at least one of its metabolites) and semen quality, reproductive outcome (body size
measures of the infants at birth such as: gestational age,
birth weight, head circumferences, reproductive hormones
and genital development) and children health (asthma
and allergy symptoms, neurodevelopment, thyroid disruption, precocious puberty).
In contrast, no such association was presented in case of
cryptorchidism [38].
The results of the most of presented studies indicate that
the levels of phthalates (DEHP, MEHP, DEP, DBP) were
statistically significantly higher in the pubertal gynecomastia group and among premature thelarche cases. However,
opposite results were also presented [73].
The health effects of exposure to specific type of phthalates
are presented in Table 8. Exposure to DEHP and its metabolites (MEHP, MEHHP, MEOHP) negatively affected anogenital distance, children’s neurodevelopment, gestational
age, DNA damage, sperm concentration, livability, density
and morphology, ADHD, level of insulin-like growth factor
I and some respiratory problems: asthma and wheezing. On
the other hand, the positive correlation was found between
DEHP exposure and ovarian and uterus size. Also positive
correlation was noticed between MEP and MBP exposure
and level of sex-hormone binding globin and ratio of LH.

PHTHALATES — REPRODUCTIVE OUTCOME AND CHILDREN HEALTH

DEP and DBP and their metabolites impact the semen
parameters: motility, concentration, livability, density, morphology, anogenital distance, level of FSH, LH, free and
total T3, DNA damage and children’s neurodevelopment.
MBzP exposure was associated with anogenital distance,
sperm concentration and DNA damage. In case of the effect on respiratory symptoms BBzP concentrations in house
dust impact rhinitis and eczema.
The results of the most of presented studies were adjusted for well-known confounders. In studies on exposure to
phthalate and children’s neurodevelopment for: mother
IQ, age, gender, parental education, socioeconomic status,
birth weight, history of breast-feeding, residential area. In
respiratory symptoms studies: sex, age, smoking at home,
type of building, construction period, allergy and asthma in
the family, day-care center attendance, dampness problems,
pets, birth weight. The results of the studies on reproductive
outcome were adjusted for: race, infant sex, gestational age,
smoking during pregnancy, maternal education, marital
status, prepregnancy BMI. Most of the studies on semen
quality were adjusted for age, smoking, BMI and abstinence
time in thyroid function studies on age and sex whereas in
genital development studies on age and weight. Precocious
puberty studies were based on the differences in level of
phthalates in cases and control groups.
However, when reviewing the epidemiological studies
on the influence of exposure to phthalates and examined
health effects, it is important to take into account the current limitations of these studies resulting from inadequacies in exposure assessment, and study design.
Exposure assessment
Exposure assessment is a crucial part of any area of
environmental epidemiology. The best assessment of
exposure usually involves measurements of contaminants in urine, blood, semen, amniotic fluid, and breast
milk [25]. Exposure in almost all presented studies was
based on specific biomarkers of exposure mainly in
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urine [8,14,15,18,43,49–54,57–61,64,73]. As phthalates
are metabolized to their monoesters within a few hours
or days [79,80], urinary phthalate monoesters are considered good biomarkers for assessing phthalate exposure in humans [8,62,80–82]. A study of the variability of
phthalate metabolite concentrations in men of reproductive age found that a single urine sample was reasonably
predictive of the subject’s exposure to the parent phthalate over 3 months [81]. This may reflect habitual use of
phthalate-containing household and consumer products.
A recent review by Teitelbaum et al. [83] of sources of
variability in biomarkers of environmental exposures in
minority children, including phthalates, also confirms that
a single spot urine sample is sufficiently representative of
exposure over a six-month period to warrant its use as an
exposure estimate in epidemiological studies.
Critical points of sexual differentiation in the external
genitalia in the fetus begin at around 7–17 weeks [84,85].
Amniotic fluid obtained from routine amniocentesis
at 16–20 weeks of gestation may be a better marker for
the assessment of prenatal phthalate exposure during the
period of sexual differentiation [86,87]. So far, only in one
study the phthalate, besides in the urine from pregnant
women, were measured in amniotic fluid [45].
Phthalates were also assessed in cord blood [25], plasma [70] blood serum [71,72]. Umbilical cord blood and
the placenta are biomarkers of fetal exposure to environmental hormones, especially for persistent organic pollutants [88,89]. However, using cord blood or the placenta to
evaluate phthalates exposure in the fetus may not represent fetal exposure during the crucial periods [25].
Breast milk samples were analyzed in Danish-Finnish cohort
study on cryptorchidism [38]. However, children are exposed
to many phthalates simultaneously and exposure through
lactation is only one of many potential exposure routes.
Dust concentrations of phthalates were assessed in the
studies on respiratory symptoms [23,24]. In those kind of
studies also questionnaire including questions on building
IJOMEH 2011;24(2)
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** [68]

Neurodevelopment ** [66,69] ** [66]

ADHD

** [14]

** [63]
** [62]

Level of FSH

DNA damage

** [62]

** [68]
** [67]

** [60]

Semen
morphology

** [61]

** [61]

** [59] ** [57];
** [15]

Sperm
concentration

** [52]

** [36]

Sperm density

** [58] ** [57];
** [15]

Sperm motility

MEHP

** [61]

** [8] ** [8]
** [54]

Anogenital
distance

** [36]

DEHP

Sperm livability

** [58]

LH — luteinizing
hormone

Sum of high-MWP
* [47] * [47] * [47]

MEP

Ratio of LH

MBP

* [47] * [47]

* [18]

Head
circumference

MMP

Level of sexhormone binding
globin

* [18]

Sum of low-MWP (MiBP,
MBP, MEP, MMP)

Gestational age

Outcome

Phthalates

MEOHP

MEHHP

** [14]

** [57];
** [15]

** [68]

** [8] ** [8] ** [52] ** [52]

MBzP
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MiBP
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** [61]

** [61]

** [61]

** [67]

** [61]

** [61]

** [61]
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BBzP

MnBP

DBP

DEP

Higher level
in girls with
premature
thelarche [80]

Premature
thelarche

** [73]

Level of total T3

** [24]

Wheezing

Abbreviations as in Tables 1 and 3.
* Positive correlation.
** Negative correlation.

** [23]

Asthma

** [23]

* [81]

Higher level
in girls with
premature
thelarche [80]

** [23]

Higher level
in girls with
premature
thelarche [80]

** [70]

Eczema

** [73]

* [81]

Higher level
in girls with
premature
thelarche [80]

Higher
level in
gynecomastia
group [79]

** [70] ** [70] ** [70]

Rhinitis

Level of
IGF-I (insulin
like growth
factor I)

** [73]

Level of free
triiodothyronine
(T3)

Oviary and uterus
size

Higher
level in
gynecomastia
group [79]

Pubertal
gynecomastia

Less masculine
scores

Table 8. Exposure to specific type of phthalate and health effects — cont.
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characteristics were used to evaluate the phthalate exposure [27,76–78]. A validation of the questionnaire used in
those studies has been reported earlier [90], where parental reports on building characteristics were compared with
observations of professional inspectors.
The potential confounding from exposure to other chemicals in most presented studies is unclear. Also the risk
from a mixture of phthalates (or phthalates and other antiandrogens), whether acting by similar mechanisms or not,
cannot be accurately assessed.
Study design
In most of the studies reviewed, cross-sectional design
were used to assess the exposure to phthalate and children health [14,15,24,25,27,49–54,58,59,71,73,76,77]. The
cross-sectional approach is most often associated with
considerable differential dropout and uncertainty about
the comparability of exposed and non-exposed groups.
It may be possible to overcome some of the major limitations of studies by choosing a longitudinal design with
a follow-up of intraindividual changes. Such prospective design was used in some of the presented studies
[8,18,38,43,57,60–62,64,78]. Three studies used also casecontrol design [23,70,72].
A low response rate is always a problem in epidemiologic
investigations. However, such problems mainly involve
representativity and may help avoiding bias when analyzing associations between exposures and health effects.
A bias in the study could be introduced if parents with sick
children knew the risk factors for their child’s illness and
reported more of such factors.
Challenges for future studies
It is necessary to conduct longitudinal studies. Such studies
should take into account other factors which may interfere
with reproductive system and children health. Future studies should have sufficient power and homogenous groups
with an appropriate non-exposed control group.
136
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When the influence of confounding factors is likely, these
should be taken into account during the stage of study design and data collection and finally in the statistical analysis.
Further evaluation of phthalates which are commonly used
substances in human population is highly recommended.
The longitudinal design option is a rational answer to several of the main limitations in the cross sectional approach.
Longitudinal studies may be the “gold standard” for assessing risks to human health, but these are expensive and
take a lot of time. Therefore, they must be augmented by,
and closely linked to, animal studies in which mechanism
and causality can be demonstrated. While several links between rodent and human studies have been made in this
area, as discussed above, these are limited by several discrepancies between human and animal testing.
Because of these important differences in route, dose
level, and multiplicity of agents, it is often unclear how
to interpret findings across species. For these reasons, if
chemical risk assessment is to be relevant to human exposure, future assessments should incorporate more environmentally relevant scenarios, including mixtures.
Epidemiological data is needed in human populations,
along with a better mechanistic understanding of the reproductive health effects of phthalates.

CONCLUSION:
The results from the presented studies suggest that there
are strong and rather consistent indications that phthalates
impact thyroid function [64] and occurrence of allergy and
asthma [23,24,27,76–78]. Low-molecular-weight phthalate monoester metabolites had a positive association with
gestational age and with head circumference [18]. Phthalates also have infuence on lower gestational age [25], reproductive hormones (luteinizing hormone — LH), free
testosterone, sex hormone-binding globulin (SHBG) [38]
and anogenital distance [8,43,45]. Results of few studies on semen quality demonstrate associations between

PHTHALATES — REPRODUCTIVE OUTCOME AND CHILDREN HEALTH

phthalate levels commonly experienced by the public and
impaired sperm quality (impact on sperm concentration,
morphology, motility).
In spite of their limitations, epidemiological studies suggest awareness of environmental factors which may affect
human health. Given the suggested health effects and the
wide-spread exposure, more epidemiologic data are urgently needed, and in the meantime, precautionary policies should be implemented.
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