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Abstract

Objectives: The objective of this study was to evaluate the impact of phthalate exposure on pregnancy duration and birth
outcomes based on the Polish Mother and Child Cohort (REPRO_PL). Material and Methods: Phthalate exposure was
determined by measuring 11 phthalate metabolites (mono-ethyl phthalate (MEP), mono-iso-butyl phthalate (MiBP),
mono-n-butyl phthalate (MnBP), 30H-mono-n-butyl phthalate (OH-MnBP), mono-benzyl phthalate (MBzP), mono-
(2-ethylhexyl) phthalate (MEHP), mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono-(2-ethyl-5-oxohexyl) phthal-
ate (MEOHP), mono-hydroxy-iso-nonyl phthalate (MHiNP), mono-oxo-iso-nonyl phthalate (MOiNP), and mono-n-octyl
phthalate (MOP)) in the urine collected from 165 mothers during the third trimester of pregnancy by high performance
liquid chromatography with tandem mass spectrometry (HPLC-MS/MS). The following measures at birth were considered:
gestational age, birth weight, length as well as head and chest circumference. Results: Pregnancy duration was inversely as-
sociated with natural log concentrations (ug/g creatinine) of MEP (standardized regression coefficient (§) = 0.2, p = 0.04)
after adjustment for a variety of confounders. Significant impact of MOINP on head circumference (§f = -0.1, p = 0.05) was
also observed. Conclusions: The study findings add further support to the hypothesis that phthalate exposure may be as-
sociated with shorter pregnancy duration and a decreased head circumference, and underscore importance of public health
interventions to reduce that exposure.
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INTRODUCTION

Phthalates are frequently used as plasticizers and sol-
vents, and thus they are widely present in the environ-
ment. Low-molecular weight phthalates (low-MWP)
such as diethyl phthalate (DEP) are mostly metabolized
to their hydrolytic monoesters. They are used as coating
for pharmaceuticals or in personal care products, includ-
ing cosmetics or perfumes [1]. High-molecular weight

phthalates (high-MWP), with = 8§ carbons in the alkyl
chain (e.g., di(2-ethylhexyl) phthalate (DEHP)), are me-
tabolized to their hydrolytic monoesters, which are exten-
sively transformed to oxidative products. High-molecular
weight phthalates are present in polyvinylchloride floors,
wall coverings, food packaging and medical devices [1].

Fetal exposure to phthalates is of particular importance
because their metabolites can cross placenta and have

The study was performed under the project No. DEC-2011/01/B/ NZ7/06462 “Phthalate exposure and birth outcome and child neurodevelopment” from the National

Science Centre, Poland. Project manager: Kinga Polanska, Ph.D.
Received: May 22, 2015. Accepted: October 20, 2015.

Corresponding author: K. Polanska, Nofer Institute of Occupational Medicine, Department of Environmental Epidemiology, $w. Teresy 8, 91-348 £.6dz, Poland

(e-mail: kinga@imp.lodz.pl).

Nofer Institute of Occupational Medicine, LddZ, Poland

683


http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://dx.doi.org/10.13075/ijomeh.1896.00691

684

ORIGINAL PAPER K. POLANSKA ET AL,

been found in amniotic fluid, placental tissue, cord blood
and neonatal meconium [2-6]. During prenatal period
there is a critical window for organ and system develop-
ment when exposure to chemicals, at the level that is not
dangerous for adults, may adversely affect morphology
and functioning of the systems. Birth outcomes, such as
birth weight, have been frequently used for evaluation of
fetal development and have been indicated to predict oc-
currence of diseases and neurodevelopment delay later in
life [7-9].

Several studies on the effects of prenatal phthalate expo-
sure on pregnancy duration and birth outcomes have been
published [4-6,10-17]. However, the studies evaluating
the impact of phthalate exposure on duration of preg-
nancy are not consistent. Some of them have indicated
no effect [10] and other a decreased [4,6,14-17] as well
as increased gestational age [11,13]. In addition, in some
studies [10,12] no association between phthalate exposure
and birth outcomes has been observed, whereas in other —
statistically significant positive [11] and negative associa-
tions have been reported [5,6].

The aim of this study was to assess the impact of prena-
tal phthalate exposure on pregnancy duration and various
birth outcomes.

MATERIAL AND METHODS

Study design and population

The present study is based on the data from the Polish
Mother and Child Cohort (REPRO_PL) - a multicenter
prospective cohort study launched in 2007 with the aim to
evaluate a variety of environmental factors contributing to
the pregnancy outcomes, children’s health and neurode-
velopment. The mothers’ recruitment and follow-up pro-
cedures have been previously published [18]. The women
were recruited provided they fulfilled the following in-
clusion criteria: single pregnancy up to 12 weeks of ges-
tation, no assisted conception, no pregnancy complica-
tions, and no chronic diseases as specified in the study
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protocol. While the whole REPRO_PL cohort consists
of 1700 mother—child pairs, due to organizational and
financial restrictions, the current analysis focused only
on 165 randomly selected pregnant women and their new-
borns from £.4dz district.

The study was approved by the Bioethical Committee of
the Nofer Institute of Occupational Medicine (NIOM),
+.6dz, Poland, and a written consent was obtained from all
the mothers before commencement of the study.

Measurements of urinary phthalate metabolites

Sample collection and selection of phthalate metabolites

for exposure assessment

Prenatal exposure to the following phthalates: diethyl
phthalate (DEP), di-iso-butyl phthalate (DiBP), di-n-
butyl phthalate (DnBP), butyl-benzyl phthalate (BBzP),
di(2-ethylhexyl) phthalate (DEHP), di-iso-nonyl phthal-
ate (DINP) and di-n-octyl phthalate (DOP) was deter-
mined by measuring phthalate metabolites in the spot
urine collected from the mothers between the 30-
34th week of pregnancy. The third trimester of preg-
nancy was selected for exposure assessment as in this pe-
riod fetal growth velocity is the highest, so for pregnancy
outcomes it has been implicated as having the most rel-
evance. The spot urine samples were collected into poly-
ethylene cups and stored at —20°C until analysis, which
was performed at NIOM.

The following 11 phthalate metabolites were measured:
mono-ethyl phthalate (MEP), mono-iso-butyl phthal-
ate (MiBP), mono-n-butyl phthalate (MnBP), 30H-mo-
no-n-butyl phthalate (OH-MnBP), mono-benzyl phthal-
ate (MBzP), mono-(2-ethylhexyl) phthalate (MEHP),
mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP),
mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono-
hydroxy-iso-nonyl phthalate (MHiNP), mono-oxo-iso-
nonyl phthalate (MOiINP), and mono-n-octyl phthal-
ate (MOP). Molar concentrations of MnBP and OH-Mn-
BP were summarized as total DnBP; MEHP, MEHHP



PHTHALATE EXPOSURE AND BIRTH OUTCOMES ORIGINAL PAPER

and MEOHP as total DEHP and MHiNP and MOiNP
as DiNP.

In addition, high-MWP (as the sum of molar concentra-
tions of MEHP, MEHHP, MEOHP, MHIiNP, MOiNP
and MOP) and low-MWP (as the sum of molar concentra-
tions of MEP, MiBP, MnBP, OH-MnBP and MBzP) were
calculated. The selected phthalate metabolites were simi-
lar as in other studies and indicated the proxy of exposure
to different types of products [1,12,19-22].

Analytical protocol

The details regarding chemical analysis have been previ-
ously published [23]. Briefly, urinary phthalate metabo-
lites were determined using the liquid chromatography
coupled with tandem mass spectrometry with negative
electrospray ionisation (Waters QuattroMicro API tan-
dem mass spectrometer, Waters, USA), in a concentration
range of 0.4-500 ug/1.

Analytical standards: MEP, MEHP, MEHHP, MEOHP,
MnBP, MBzP, MOP, MiBP and their respective “C -la-
belled analogues (Cambridge Isotopes Laboratory, UK),
as well as MHINP, MOiINP, OH-MnBP and respective
deuterium-labelled internal standards were prepared
in 10% acetonitrile.

Before the chemical analysis, all the samples were spiked
with a mixture of internal standards, deconjugated using
enzymatic hydrolysis with f-Glucuronidase — Escherichia
coli K12 (pH = 6.5) and purified by Solid Phase Extrac-
tion (SPE) on ISOLUTE C18 96-well Plate (Biotage,
Sweden).

Chromatographic ~ separation was performed on
a 2.5 um 3x100 mm XSelect CSH Phenyl-Hexyl column
(Waters, USA) at a flow rate of 0.25 ml/min. The MS
(mass spectrometry) parameters were optimized for all
the analytes for 2 MRMs (Multi Reaction Monitoring).
Limit of detection (LOD) was 0.1 ug/l for MEP, MnBP,
OH-MnBP, MEHHP, MEOHP, MHINP and 0.03 pg/l
for MiBP, MBzP, MEHP, MOiNP, MOP.

Creatinine concentration was measured using the Jaffe
static method (working range: 0.05-5.00 g creatinine/l).

Outcome assessment and possible confounders

The analysis included the following birth outcomes (mea-
sured by a clinical nurse after birth with the standard
measurement procedures): child birth weight (in grams),
birth length, head and chest circumference (in centime-
ters). Pregnancy duration was estimated using the date of
the last menstrual period (LMP) or ultrasound if it dif-
fered from the LMP-based estimate by > 2 weeks.

The mothers completed a detailed questionnaire con-
cerning socio-demographic characteristics, environmen-
tal exposures and lifestyle variables 3 times during preg-
nancy (weeks: 8-12, 20-24 and 30-34). The questionnaires
were administered during personal interviews by trained
midwives.

Factors that could confound the relationship between
phthalate exposure and birth outcomes were selected
a priori from a set of characteristics and then tested (for
their association with birth outcomes and with the level of
metabolites). The following potential confounders were
considered: gestational age (for birth parameters), child
gender, maternal active and passive smoking (by the co-
tinine level in saliva), alcohol consumption during preg-
nancy, maternal age, height, pre-pregnancy body mass
index (BMI), maternal marital, educational and employ-
ment status, and parity. Prenatal exposure to tobacco con-
stituents was assessed based on the cotinine level in saliva
(collected from the women during the third trimester of
pregnancy) at NIOM using the high performance liquid
chromatography coupled with tandem mass spectrometry/
positive electrospray ionization (LC-ESI+MS/MS) and
isotope dilution method [24].

Statistical analysis
Continuous data were expressed as mean * standard
deviation (M£SD) (for birth outcomes, gestational age,
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maternal age, pre-pregnancy BMI and saliva cotinine
level, included as continuous variables in the model), and
as 50th and 95th percentiles and ranges (for phthalate me-
tabolites). Categorical data were presented as numbers
and frequencies (%). Concentrations of phthalate metab-
olites below LOD were assigned a value equal to 1/2 LOD

(except for MBzP, for which only the detected values were

included in the analysis). Phthalate metabolite, creatinine

and cotinine levels were log transformed. Of 165 eligible
urine samples from the mothers, the creatinine assess-
ment was not performed for 5 samples, and for 10 samples

the creatinine level was below the selected value (0.2 g/l

and 3.0 g/) so the final model included 150 samples. Ro-

bust linear regression was performed for each phthalate
metabolite and for the sum of metabolites. The follow-
ing 2 sets of confounders were taken into account:

— Model 1 - child gender and gestational age (for biomet-
ric parameters at birth),

- Model 2 - all potential confounders significant
at 0.1 level in the regression analysis and the creati-
nine level.

Statistical reasoning was conducted based on the statisti-

cal tests with a significance level of 0.05.

In the multiple-regression analysis, data were expressed

as regression coefficient (), its standard error (SE) and

p values. The statistical analyses were performed us-

ing R 3.0.1 statistical package.

RESULTS

Child and parental characteristics

Demographic, socio-economic, lifestyle and exposure
characteristics of the mothers and their children are sum-
marized in Table 1. About 56% of the children were girls.
On average, the children were born at the 39th week of
gestation (1.5 week) with the mean birth weight of 3308 g
(470 g) and length of 55 cm (+2.7 cm). The mean ma-
ternal age was 31 years (+4.2 year). Most of the moth-
ers (56%) had a university degree. High proportion of
the women were married and employed (> 75%).

Based on the women’s subjective perception of suffi-
ciency of financial resources, about 82% of the mothers
were in a medium socio-economic status category (suffi-
cient money for current expenses with or without possi-
bility to put aside some amount of money) and 13% in-
dicated a low socio-economic status (insufficient money
for current expenses and living). In the case of 46% of
the women, current pregnancy was the first one. Nine
percent of the women were categorized as underweight
and 17% of them as overweight or obese, based on pre-
pregnancy BMI. About 5% of the women consumed alco-
hol and 13% of them smoked cigarettes during pregnancy.

Characteristics of the exposure variables
Table 2 shows the urinary concentrations (uncorrected
and creatinine-corrected) of all the measured phthalate

Table 1. Characteristics of the pregnant women, pregnancies and newborns

Variable Respondents
Quantitative variables (M*SD)

gestational age [weeks| (N = 165) 39.1£15
birth weight [g] (N = 165) 3308.0+470.0
length [em] (N = 162)* 54.9+2.7
head circumference [cm] (N = 161) 34.0£15
chest circumference [cm] (N = 160)* 333%18
maternal age [years] (N = 165) 31.4%42
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Table 1. Characteristics of the pregnant women, pregnancies and newborns — cont.

Variable Respondents
Qualitative variables [n (%)]

gender (N = 165)

boys 72 (43.6

girls 93 (56.4)
parity (N = 165)

0 76 (46.1

=1 89 (53.9)
maternal education (N = 150)

primary/vocational 15(9.5)

secondary 55 (34.8)

higher 88 (55.7)
marital status (N = 165)

married 125 (76.0)

unmarried 40 (24.0)
maternal employment (N = 150)°

employed 113 (75.8)

unemployed 37(24.7)
socio-economic status (N = 131)°

high 7(53)

medium 107 (81.7)

low 17 (13.0)
maternal pre-pregnancy BMI [kg/m?] (N = 165)

<185 14 (8.5)

18.5-24.9 123 (74.6)

25.0-29.9 22(133)

=30 6 (3.6)
alcohol consumption during pregnancy (N = 162)*

no 154 (95.1)

yes 8(4.9)
saliva cotinine level (N = 165)

< 10 ng/ml 143 (86.7)

> 10 ng/ml 22(133)

M - mean; SD - standard deviation; N — number of respondents; BMI - body mass index.
# For these variables, some data were missing.
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Table 2. Urinary concentrations (uncorrected: N = 165 and creatinine-corrected: N = 150) of phthalate metabolites

Samples above

Phthalate Phthalate metabolite LOD Me P95 Range
(%] (min.-max)
DEP MEP [ug/l] 100 18.7 336.4 1.5-2922
MEP [ug/g creatinine] 227 394.7 1.7-4 235
DiBP MiBP [ug/l] 86 10.3 359.1 < LOD-812
MiBP [ug/g creatinine] 11.1 563.2 < LOD-1239
DnBP MnBP [ug/l] 95 3.6 129.5 < LOD-1692
MnBP [ug/g creatinine] 4.6 73.8 < LOD-846
OH-MnBP [ug/] 96 4.0 252 < LOD-63
OH-MnBP [ug/g creatinine] 5.0 34.7 < LOD-138
BBzP* MB:zP [ug/l] 49 0.2 0.5 <LOD-838
MB:zP [ug/g creatinine] 0.2 0.5 < LOD-6.7
DEHP MEHP [ug/l] 66 0.2 1.3 <LOD-35
MEHP [ug/g creatinine] 0.2 1.6 <LOD-43
MEHHP [ug/l] 70 2.0 75.1 < LOD-256
MEHHP [ug/g creatinine] 2.7 97.0 < LOD-431
MEOHP [ug/l] 92 13 55.4 < LOD-132
MEOHP [ug/g creatinine] 1.6 72.6 < LOD-140
DiNP MHiNP [ug/l] 90 0.8 213 < LOD-98.6
MHIiNP [ug/g creatinine] 1.1 20.3 < LOD-112
MOINP [ug/1] 62 0.5 1.1 < LOD-3.6
MOINP [ug/g creatinine] 0.4 1.7 <LOD-42
DOP MOP [ug/l] 63 0.2 13 <LOD-11.2
MOP [ug/g creatinine] 0.2 13 < LOD-12.3
DnBP >MnBP and 30H-MnBP [umol/]] 0.04 0.6 <LOD-7.7
DEHP SMEHP, MEHHP and MEOHP [umol/l] 0.02 0.3 < LOD-0.9
DiNP SMHINP and MHiNP [umol/l] 0.004 0.07 <LOD-03

N - number of respondents; DEP - diethyl phthalate; DiBP - di-iso-butyl phthalate; DnBP - di-n-butyl phthalate; BBzP - butyl-benzyl phthalate;
DEHP - di(2-ethylhexyl) phthalate; DiNP - di-iso-nonyl phthalate; DOP - di-n-octyl phthalate.

* As 49% of the samples were above LOD (limit of detection) the median was calculated for detected samples.

MEP - mono-ethyl phthalate; MiBP — mono-iso-butyl phthalate; MnBP — mono-n-butyl phthalate; OH-MnBP - 30H-mono-n-butyl phthalate;
MBzP - mono-benzyl phthalate; MEHP — mono-(2-ethylhexyl) phthalate; MEHHP — mono-(2-ethyl-5-hydroxyhexyl) phthalate; MEOHP - mono-
(2-ethyl-5-oxohexyl) phthalate; MHiNP — mono-hydroxy-iso-nonyl phthalate; MOiNP — mono-oxo-iso-nonyl phthalate; MOP — mono-n-octyl phthalate.
Me - median; P95 - 95th percentile; min. — minimal value; max — maximal value.
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metabolites. We detected S out of 11 phthalate metabolites
(namely MEP, MnBP, OH-MnBP, MEOHP, and MHiNP)
in at least 90% of the samples. Phthalate BBzP metabolite
was detected at the level above LOD in 49% of the urine
samples. The phthalate metabolites with the highest me-
dian concentration were: MEP (18.7 ug/l, 22.7 ug/g creati-
nine) followed by MiBP (10.3 ug/l, 11.1 ug/g creatinine)
and OH-MnBP (4 ug/l, 5 ug/g creatinine).

The levels of majority of the analytes were positively cor-
related within the same urine samples. Except for corre-
lations between MEP and MBzP or DiNP or MOP, and
between DiNP and MiBP or DEHP or MOP, all the other
phthalates were significantly correlated with each oth-
er (with correlation coefficients ranging from r = 0.2,
p<0.05tor=0.7,p < 0.01) (details included in a previ-
ous publication [23]).

Impact of prenatal phthalate exposure

on pregnancy duration and birth outcomes

Table 3 presents the effects of prenatal phthalate expo-
sure (based on phthalate metabolites or the molar sum
of metabolites) on pregnancy duration and birth out-
comes. Based on the model adjusted for child gender,
the adverse effect of MEP exposure on pregnancy dura-
tion was of borderline significance (p = —0.2, p = 0.06).
Other phthalates were not significantly associated with
gestational age. In the analysis adjusted for child gender
and gestational age, child length was positively associ-
ated with a natural log increase in MHINP and molar
sum of MHiNP and MOINP (§ = 0.3, p = 0.02 for both
of the associations). For other phthalates there were no
statistically significant associations with any other preg-
nancy outcomes.

The further adjustment for additional confounders (cre-
atinine, maternal education, marital status, parity, pre-
pregnancy BMI, cotinine level in saliva) indicated a sig-
nificant impact of MEP on pregnancy duration (p = -0.2,
p = 0.04) and MOINP on head circumference (f = 0.1,

p = 0.05) (Table 4). Other phthalates (as metabolites or
the sum of metabolites) were not associated with any oth-
er birth outcomes after adjustment.

DISCUSSION

Our study indicates an inverse association between pre-
natal exposure to DEP and pregnancy duration after
adjustment for a variety of possible confounders. In ad-
dition, child head circumference was inversely associated
with natural log increase in MOINP. Associations between
prenatal exposure to phthalates and other analyzed birth
outcomes were not significant in the multivariable adjust-
ed model.

Exposure assessment

The urinary concentrations of phthalate metabolites
ranged from below LOD to even several 1000-fold
higher, which indicates large differences in individ-
ual exposure. Overall, exposure levels were well be-
low the health-based guidance values for DEHP (as
the sum of MEHHP and MEOHP: 300 ug/l for women
of childbearing age) [25]. In our study 95 percentiles for
MnBP, MiBP, MEHHP, MEOHP for pregnant women
were about twice as high as the reference value specified
by the German Human Biomonitoring Commission for
adult population [26]. In the case of MBzP and MOINP,
in our study such values were lower and in the case
of MHiNP they were on the same level.

Levels of most of the phthalate metabolites detected in
the urine of pregnant women in Poland were in an or-
der of magnitude similar to that observed among preg-
nant women in Denmark [27]. It is important to note
that MEP levels were much lower in Poland (as well as
in Denmark and Japan) compared to those observed in
Spain, France, the Netherlands and US [10-12,27-29].
In addition, MBzP was detected only in 49% of Polish
samples, which is similar to the results observed in Den-
mark (MBzP > LOD in 69% of the samples) but lower
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than in the other mentioned studies (where MBzP was de-
tected in 100% of the samples) [10-12,27-29)].

The differences in the levels of phthalate metabolites be-
tween the populations may result from different exposure
profiles. The existing studies provide the evidence that
urinary biomarkers represent phthalate exposure from
various products [1,21,30]. The analysis performed by
Buckey et al. (2013) indicated a higher level of mono-butyl
phthalate (MBP) among pregnant women who used nail
polish, MBzP among those who used eye makeup or used
makeup on a regular basis, and DEHP metabolites among
those who used cologne or perfume [21]. House products
(household chemicals or cleaning products, fabric soften-
ers, air fresheners), home flooring or paneling were also
associated with urinary phthalates [21]. In addition, food
is thought to be a significant source of exposure due to
the use of phthalates in packaging [31].

Phthalate exposure and pregnancy duration

and birth outcomes

Taking into account the fact that phthalates are ubiquitous
in daily life, potential consequences of human exposure to
phthalates have raised concerns in general population and
have been studied in susceptible groups, including preg-
nant women [32]. Results of the studies of the impact of
phthalates on pregnancy duration are not consistent. In
the studies that measured phthalate metabolite levels in
cord blood or, similarly as in our study, in the urine col-
lected in the third trimester of pregnancy, 4 noted signifi-
cant associations with shortened pregnancy duration or
increased odds of preterm birth [4,6,16,17], while 2 oth-
er studies indicated longer gestation with an increase
in concentrations of phthalate metabolites (which as
suggested by Wolff et al. (2009) can result from residu-
al confounding) [11,13]. No association was noted by
Suzuki et al. (2010) [10].

Two recently published papers that evaluated the impact
of phthalates measured in urine collected 4 times during

[JOMEH 2016;29(4)

pregnancy on the risk of preterm birth, indicated that ex-
posure to MEHP, mono-(2-ethyl-5-carboxypentyl) phthal-
ate (MECPP), YDEHP was associated with significantly
elevated odds of prematurity, and that exposure to MEHP,
MECPP, YDEHP, MBP, MEOHP, mono-(2-carboxypro-
pyl) phthalate (MCPP) increased the risk of spontaneous
preterm births [14,15]. Detailed analyses have shown that
the observed associations were strongest for the phthal-
ate levels in urine collected at the beginning of the third
trimester of pregnancy [14]. Similarly as in our study, in
the study by Huang et al. (2014) [6] MEP exposure was
associated with gestational age reduction.

Just as in our analysis, in the study performed by
Huang et al. (2014) phthalate exposure decreased the head
circumference (statistically significant association has been
noted in females) [6]. On the other hand, a positive associa-
tion between phthalate exposure and the head circumfer-
ence was observed by Wolff et al. (2008) [11]. In the stu-
dies by Suzuki et al. (2010) and Philippat et al. (2012) after
adjustment for a variety of confounders, no statistically
significant associations were observed between phthalate
exposure and birth outcomes [10,12].

In animal studies, phthalates induced a variety of adverse
effects, among which most were related to reproductive
and developmental outcomes. Phthalates are considered
to be endocrine disrupting chemicals in many aspects,
including estrogenic, anti-androgenic and anti-thyroid
activities [19,33,34]. Pregnant rats exposed to phthalates
had reductions in ovarian and uterine weight, proges-
terone levels and ovulatory follicles. Prenatal phthalate
exposure has been reported to result in the increase of
developmental abnormalities such as cleft palate and
skeletal malformations, increased fetal death and de-
creased fetal body weight and pregnancy duration [34].
While the majority of animal studies on DEP do not
show reproductive and developmental toxicity [34,35],
some of the human studies have found significant ad-
verse associations [6].
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It is crucial to be aware that phthalates in animal studies
were usually tested one at a time, while humans are ex-
posed to multiple phthalates simultaneously [35]. Rodent
data suggest that exposure to multiple phthalates at low
doses conveys risk in a dose additive manner [36-38]. An-
other point which needs to be considered is that human
exposure to DEP occurs primarily via the skin and sec-
ondarily via inhalation. In contrast, in almost all animal
studies, exposure is oral.

As indicated by Ferguson et al. (2014), different mecha-
nisms can explain the relationship between phthalate
exposure and a shortened pregnancy or preterm deliv-
ery [14,15]. First, phthalate exposure can cause impaired
placentation early in pregnancy via induction of oxida-
tive stress [39-41]. Increases in circulating maternal lev-
els of reactive oxygen species can cause apoptosis and
alter cytotrophoblast turnover rate in the developing
placenta, leading to impaired placentation and in con-
sequence preeclampsia or intrauterine growth restric-
tion (IUGR), which are characteristics of a placental pre-
term birth [14,15]. Second, phthalates have been shown to
induce proinflammatory cytokine release in cell lines and
have been linked to the increased systemic levels of in-
flammatory markers [42-44]. Alternative pathways, for ex-
ample via phthalate disruption of reproductive hormones
are plausible as well [14,15].

Confounding factors

We assessed potential for confounding for a wide range of
data on socio-economic factors and lifestyle habits. The ad-
vantage of the current analysis is the fact that child pre-
natal exposure to tobacco constituents was assessed not
only based on questionnaire data (performed in majority of
the studies) but also on the cotinine level in biological sam-
ples, which enabled a more reliable assessment of such an
exposure. In our study, we focused on healthy women with
no chronic diseases and pregnancy complications. There-
fore, such conditions should not alter the associations.

Strengths and limitations

The prospective study design with well-assessed exposure
levels based on biomarker measurements is an advantage
of the current analysis. Additionally, a series of detailed
questionnaires makes it possible to perform a reliable
assessment of exposure and confounding variables. We
measured 11 phthalate metabolites, which allows a more
comprehensive assessment of exposure.

Some limitations of our study also need to be mentioned.
First, the current analysis is based on a relatively small
sample size, which might not be large enough to have a sta-
tistical power to detect the effect of prenatal phthalate ex-
posure on birth outcomes. Taking into account the sample
size of our population, we were not able to assess gender-
specific effect indicated in other analyses. Second, our ma-
ternal exposure may be too low to elicit the inverse effects
reported in other studies. In addition, the exact time of
the day and time-void for urine sampling was unavailable.
However, it can be assumed that in our population most
samples represent first morning voids.

Because most of primary phthalate metabolites have
a short half-life and some exposures are unlikely to oc-
cur within 8-10 h prior to morning voids, phthalate expo-
sure may be underestimated in some of the samples. Since
for DEHP it was possible to analyze primary metabo-
lite (MEHP - the first step of DEHP metabolism pathway)
and 2 secondary metabolites representing further steps of
its metabolism (i.e., hydroxyl and oxo MEHP - the 2nd and
the 3rd step), it was possible to identify the extent (pro-
gress) of DEHP metabolism. Thus, we calculated the ratio
of the 2nd to the st step as 59.8 and the 3rd to the 2nd step
as 5.7, which are much higher values than those calculated
by Enke et al. (2013) (2.4 and 0.9, respectively) [30].

The explanation of this observation is that the time period
between exposure to phthalates and urine sampling for
the analysis was longer in our study than in the study by
Enke et al. (2013) [30]. Nevertheless, we assessed the to-
tal daily intake of DEHP and DEP applying calculation
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model of David et al. (2000) [45] and using both pri-
mary and secondary metabolites. The total daily intake
of DEHP was 108.5 ug/day and DEP - 176.5 ug/day; which
is close to the values calculated based on the same model
by Koch et al. (2003) [46].

It needs to be pointed that in majority of the studies
in this field, the assessment of exposure was based on
phthalate levels in urine collected, as in our study, during
the third trimester of pregnancy [11,13,16,17] or in cord
blood [4-6]. Additionally, the recently published study by
Ferguson et al. (2014) in which phthalate metabolites were
measured 4 times in pregnancy period, has indicated that
urinary phthalate metabolite levels showed moderate indi-
vidual and population-wide variability during pregnancy,
and that most of them demonstrated a slightly downward
sloping trend across gestation [14].

CONCLUSIONS

The study findings add further support to the hypothesis
that phthalate exposure may be associated with a short-
ened pregnancy duration and a decreased head circum-
ference and they underscore importance of policies and
public health interventions to reduce that exposure.
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