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Abstract

Parabens are a group of antimicrobial preservatives applied in an extensive range of products and are suspected to impair fetal growth
because of their disrupting effect on the endocrine system. We aimed to examine maternal urinary paraben concentrations and their
neonates’ outcome indexes. Methylparaben (MP), ethylparaben (EP), propylparaben (PP), and butylparaben (BP) concentrations were
measured in 105 maternal urine samples collected before delivery. Length, weight, and head circumference at birth were extracted
from the mothers’ delivery files. A multivariable linear regression analysis was performed to evaluate the association between paraben
levels and neonatal anthropometric indices. The median levels of urinary parabens, especially BP, were higher than those in other
countries. Prenatal urinary concentration of MP and BP showed a significantly positive association with birth weight in all neonates (3
=0.79, 95% CI: 0.16, 1.41, and (3 = 8.56, 95% CI: 3.95, 13.17, respectively), while these chemicals showed a significant negative
association with head circumference (5 =—0.002, 95% CI: — 0.004, — 0.000, and 3=—0.016, 95% CI: — 0.030, — 0.002, respectively).
A significant positive association between MP and birth length was also found (3 = 0.004, 95% CI: 0.00, 0.00) in all the neonates. In
sex-stratified adjusted models, MP and BP were found to be associated, respectively, with higher birth length and weight in male
neonates (5= 0.008, 95% CI: —0.001, 0.017, and 3= 7.948, 95% CI: 1.045, 14.851). In girls, maternal urinary MP, PP, and BP were
associated with increased birth weight (3= 0.831, 95% CI: 0.043, 1.620; 5 =4.178, 95% CI: 0.877, 7.480; and 5= 10.821, 95% CIL:
3.545, 18.097, respectively), and MP and BP were associated with reduced head circumference at birth (6=—0.003, 95% CI: — 0.005,
—0.001, and 5 =—0.035, 95% CI: — 0.055, — 0.016). These results revealed potential impacts between neonatal growth and maternal
exposure to parabens. However, these findings should be interpreted while considering the limitations of the present study.
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Parabens are a group of alkyl esters of para-hydroxybenzoic acid

utilized as antimicrobial preservatives in numerous consumer
products such as foodstuffs, personal care products (PCPs),
and medications (Andersen 2008; Giulivo et al. 2016).
Humans can be exposed to these compounds via different ways,
including continuous oral intake, dermal absorption, and inhala-
tion (Soni et al. 2005). Generally, most of the parabens are
promptly absorbed, conjugated, and excreted through urine after
exposure (Boberg et al. 2010). Biomonitoring can be used as
one of the methods to estimate the cumulative exposure of
humans to pollutants (Cowan-Ellsberry and Robison 2009).
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Various studies have been conducted to monitor the urinary
concentration of different environmental chemicals like PAHS,
BTEX, and parabens, among the population of different coun-
tries (Honda et al. 2018; Kiani Feizabadi et al. 2020a; Ma et al.
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2013; Moridzadeh et al. 2020; Shahsavani et al. 2017)
Therefore, the amount of urinary parabens has been found to
be an appropriate and valid biomarker of exposure. In human
and animal studies, estrogenic activities have been reported for
paraben compounds, and therefore, these compounds have been
categorized as endocrine-disrupting chemicals (EDCs) (Koeppe
et al. 2013; Oishi 2002; Routledge et al. 1998). Exposure to
EDC:s has been linked to various adverse health effects, includ-
ing an increased risk of metabolic syndrome (Giulivo et al.
2016) and breast cancer (Darbre et al. 2004; Harvey and
Everett 2012; Pan et al. 2015), changes in various reproductive
hormone levels (Meeker et al. 2010; Zhang et al. 2014), and
adverse pregnancy outcomes (Aker et al. 2019; Darbre and
Harvey 2008; Philippat et al. 2019). Numerous studies have
reported the presence of paraben compounds in various human
biological samples, including cord blood, urine, breast milk,
placental tissues, and amniotic fluid (Giulivo et al. 2016;
Hajizadeh et al. 2020b; Smith et al. 2012; Vernet et al. 2018),
indicating that parabens could be transmitted to the fetus through
the placenta; thus, the fetus is regularly exposed to parabens and
their adverse side effects. Therefore, the outcomes of paraben
exposure in maternal and their newborns should be evaluated
(Zhao et al. 2017). Previous studies in China and the USA
revealed an inverse association between maternal urinary levels
of parabens and neonatal anthropometric indicators (Geer et al.
2017; Wu et al. 2017). Moreover, the finding of another study
demonstrated a negative relationship between exposure to pre-
natal parabens and neonatal as well as childhood growth (Wu
et al. 2018). On the contrary, in a study conducted in France,
prenatal urinary levels of parabens indicated a positive associa-
tion with weight at birth (Philippat et al. 2014). Likewise, a
previous study has reported a significant positive correlation
between the parabens’ urinary amount in pregnant women and
their neonates (Kang et al. 2013). However, some studies have
reported a null association (Ferguson et al. 2018; Messerlian
et al. 2018).

According to the results of two recent systematic reviews,
no consensus has been achieved about pregnant mothers’ ex-
posure to parabens and birth outcomes such as head size, birth
weight, and body length (Jamal et al. 2019; Zhong et al. 2020).
Because of extensive usage of PCPs and the absence of ade-
quate epidemiological research, some researchers are trying to
provide epidemiological information regarding the effects of
paraben compounds in the human body and their serious out-
comes on neonatal anthropometric parameters. Thus, the pres-
ent study was carried out to determine the relationship between
neonatal outcomes and maternal paraben exposure in the
Iranian population. The distributions of estrogen receptors
may vary by child sex (Gillies and McArthur 2010); thereby,
the estrogenic effects may also act in a sex-dependent manner.
Similarly, the reproductive and developmental effects of
paraben exposures may differ by sex (Dodge et al. 2015). In
some of the previous studies, associations have been observed
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between exposure to parabens and anthropometric measures in
sex-stratified models (Fadaei et al. 2020; Philippat et al. 2012);
we also performed a sex-stratified analysis.

Material and methods
Study participants and questionnaires

This cross-sectional research was performed on 105 pregnant
women aged 1845 years living in Isfahan Province, Iran.
Some parts of the information were collected from people
who participated in our previous research (Hajizadeh et al.
2020a), although the present study dataset is considerably
different. The aim and methods of the research were explained
to all the participants, and assigned consent letter was received
from them. This study was conducted upon the approval of the
Ethics Committees of Isfahan University of Medical Sciences.
The study population was randomly selected from those who
attended health centers for pregnancy care in various parts of
the city of Isfahan. The inclusion criteria were pregnant wom-
en residing in the area for at least 1 year, being in the third
trimester of pregnancy, and age > 18 years old. The exclusion
criteria were insufficient urine samples, congenital anomalies,
stillbirth, twins, any specific medical complications (diabetes,
hypertension, etc.), and incomplete information. Information
regarding pregnancy, maternal health, demographics, life-
styles, and anthropometric variables had been acquired from
medical records and questionnaires previously. Information
regarding neonatal anthropometric indices, including head cir-
cumference, weight, and length, was extracted from delivery
files. After excluding the cases, 105 mother-infant pairs were
finally included in this study.

Paraben exposure assessment

In the third trimester, spot urine samples were collected in
polypropylene specimen cups and transferred to the laboratory
of Isfahan University of Medical Sciences based on the cold
chain status, and then frozen at — 80 °C until analysis. The
overall concentration of paraben compounds (free and conju-
gated), including MP, EP, PP, and BP in urine samples, was
determined via the dispersion and liquid-liquid microextraction
(DLLME) method by gas chromatography—mass spectrometry
(GC-MS) (Hajizadeh et al. 2020a,b; Kiani Feizabadi et al.
2020a). In brief, 50 pl of the beta-glucuronidase enzyme was
mixed with 1 ml of each urine sample and incubated at 37 °C
for 24 h to determine the total concentration of parabens.
Afterward, 0.1 g of sodium chloride was added to the obtained
mixture and centrifuged for 5 min (sediment settling). The su-
pernatant was decanted and used for the extraction of parabens
by the DLLME method. Accordingly, a mixture of 30 pl chlo-
robenzene and 500 pl of acetone was quickly added to the
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previously collated supernatants to produce a cloudy state.
Next, the obtained cloudy solution was centrifuged at
5000 rpm for 5 min to sediment the finely dispersed droplets.
For each sample, the sediment was withdrawn from the tube by
a 50-pm micro-syringe, and collected in another vial, and dried
under a slow stream of nitrogen gas. Thereafter, 20 pl of
MSTFA was added to the sediment and centrifuged to obtain
a complete mixture. Finally, 2 pl of the solution was injected
into the GC/MS to analyze the parabens. The device calibration
curves were drawn for parabens at the concentration of 0.01—
1000 ng/ml. The quality assurance and quality control (QA/
QC) were applied to ensure the precision and reliability of the
obtained results. To ensure the accuracy of the analytical meth-
od, quality control (QC) samples along with blank and spiked
samples (prepared from pooled human urine) were analyzed.
The recovery of the spiked samples was > 89% for all analytes.
Moreover, the regression coefficients (R*) with high accuracy
(8.4% > RSD) for MP, EP, PP, and BP were 0.994, 0.989,
0.992, and 0.999, respectively. Limit of detection (LOD) and
limit of quantification (LOQ) of parabens were determined
based on the lowest acceptable point on the calibration curve
with a signal-to-noise ratio of 3 and 10, respectively, from the
replicate analysis (n = 05) of standard solution at a concentra-
tion of 10 ng/ml. LOQs were 0.05 pg/l for MP, EP, and PP and
0.15 pg/l for BP. The LODs for MP, EP, PP, and BP were
0.014, 0.015, 0.016, and 0.046 ng/l, respectively. To adjust
the variability of urinary dilution, the amount of urinary creat-
inine was determined by an automatic chemical analyzer
(704auto-analysis, Hitachi, Japan).

Statistical analysis

For statistical analyses, a half of the limit of detection (LOD)
was considered for the paraben concentration values which
were below LOD (Hajizadeh et al. 2020b; Kiani Feizabadi
et al. 2020a). Furthermore, because of the skewed distribution
of the urinary paraben concentrations, the natural logarithm
(In) transformation of paraben concentrations was used to
achieve a normal distribution. Descriptive statistics were uti-
lized for the participants’ characteristics, the urinary paraben
concentrations, and the birth outcomes. Pearson’s correlation
analysis was applied to examine the correlations among uri-
nary levels of parabens. Multivariable linear regression
models were also utilized to evaluate the association between
maternal prenatal paraben concentrations and anthropometric
measures (birth length, weight, and head circumference).
Besides the crude model, a confounder adjusted model was
also fitted. The potential variables as confounders such as
maternal age (continuous), maternal pre-pregnancy body mass
index (BMI; continuous), maternal education (< high school
diploma, high school diploma, > high school diploma), gesta-
tional age (days), parity, maternal passive smoking status
(ever/never), income level, and infant sex (male and female)

were entered in the adjusted model (Model 2) as some previ-
ous studies had suggested (Jamal et al. 2019). Due to birth
weight variations with regard to the season, and due to the
potential for seasonal variation in the consumption of PCPs
along with the change of seasons and, therefore, changes in
urinary parabens, we adjusted the season of birth in the models
of birth weight (Messerlian et al. 2018). Moreover, the head
circumference model was adjusted by the type of delivery,
and the birth length model by mothers’ height (vaginal/ce-
sarean section). Some prenatal parameters (e.g., smoking)
are significant in early delivery, but the relationship be-
tween paraben exposure and gestational age is still un-
known. Thus, gestational age was not considered as an in-
termediate variable. According to the literature, gestational
age is an effective variable on birth outcomes (MacKenzie
et al. 2019) and, therefore, it was adjusted in Model 2.
Additionally, as a sensitivity analysis, Model 3 was adjust-
ed for all the mentioned confounder variables except for
gestational age. For each of the parabens, separate models
were performed. In some earlier research, associations were
found between EDC exposure and birth length, weight, and
head circumference in sex-stratified models (Philippat et al.
2012; Wolff et al. 2008); given the hormonally active na-
ture of parabens, we further evaluated the associations be-
tween urinary levels of parabens and anthropometric mea-
sures stratified by infant sex. Data analyses were performed
in SPSS 20 software (SPSS Inc., Chicago, IL). All the tests
were two-tailed, and a p value < 0.05 was considered sta-
tistically significant.

Results

Table 1 presents the sociodemographic characteristics of the
participants (mothers and infants). The mean maternal age
was 33.9 + 8.4 (ranging from 18 to 45). Among the pregnant
women, 43.8% were primiparous, and around 80% completed
education at high school or higher. Approximately two thirds
(68.5%) of the females were included in the overweight pre-
pregnancy BMI group, and 78.1% of the participants were
passive smokers during pregnancy. Of the 105 single live
births, 56 (53.3%) were girls. The mean (+ SD) gestational
age was 38.8 = 1.5 weeks, the mean birth weight was 3176 +
516 g, the mean birth length was 50.1 & 3.7 cm, and the mean
head circumference was 34.5 + 1.5 cm.

The creatinine-adjusted and unadjusted maternal urinary
paraben concentrations are summarized in Table 2. As expect-
ed, exposure to paraben compounds was prevalent. The de-
tection range of parabens in urinary samples of females was
86%—100%. The creatinine-adjusted means of MP, EP, PP,
and BP were 163, 27.6, 32.9, and 15.4 ng/ml, respectively.
According to the estimated correlation coefficient, a weak-to-
medium correlation was found among the paraben
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Table 1 The maternal and neonatal sociodemographic information weight in all the neonates (3 = 1.4, 95% CI: 0.04, 2.8) in the
Characteristics N or mean (SD) % crude model. However, after adjusting the confounders’ ef-
fect, the association was not statistically significant anymore
Maternal (p value > 0.05) (Table 3). In sex-stratified analyses, positive
Weight (kg) 68.7 (9.6) significant associations were found between MP and PP and
Age (year) 33.9 (8.4) birth weight in covariate-adjusted models (Model 2), only
Pre-pregnancy BMI (kg/m?) 25.7(3.9) observed in girls (regression coefficient for MP and PP, 5 =
<185 7 6.7 0.831, 95% CI: 0.043, 1.620; p = 0.039; 3 =4.178, 95% CI:
18.5-23.99 26 248  0.877, 7.480; p = 0.014, respectively], but not in boys.
>24 72 68.5  Furthermore, the concentration of BP was positively associat-
Maternal education ed with birth weight in both girls (6= 10.821, 95% CI: 3.545,
Lower than high school diploma 21 20 18.097) and boys (8 = 7.948, 95% CI: 1.045, 14.851) in
High school diploma 34 324  covariate-adjusted models (Table 6). In all the neonates, uri-
Upper than high school diploma 50 476  nary levels of MP were found to be positively associated with
Maternal occupational class birth length, both in crude (5 = 0.005, 95% CI: 0.002, 0.009)
Housewife 58 555  and adjusted models (G = 0.004, 95% CI: 0.00, 0.009).
Outside workers 4 39.1  However, regarding the adjusted model in subgroup analysis
Students 6 57 by sex, positive associations were found between the urinary
Passive smoking status levels of MP and the length of male neonates (3 = 0.008, 95%
Current 2 751  Cl:=0.001, 0.017). Other analyzed parabens did not indicate
Never 23 519  any significant association with birth length in the two sexes.
Parity As reported in Table 5, MP and BP urinary concentrations
0 (primiparous) 46 43y  Werestatically significant with a higher head circumference in
> 1 (multiparous) 59 562 all. three models. The regression coefficients in covariate-
Mode of delivery, N (%) adjusted models were — 0.002 (95% CI: — 0.004, — 0.000; p
Vaginal 35 33 = 0.035) for MP and — 0.016 (95% CI: — 0.030, — 0.002; p =
Cesarean section 0 66.7 0.026) for BP. The urinary PP concentration was found to be
Children positively associated with the head circumference in all the
neonates (3 = — 0.009, 95% CI: — 0.015, — 0.002) in the
Female 56 533 . ..
unadjusted model; however, after adjusting the confounder
Male 49 46.7 . .. ..
Gestational age at birth, days 264 (10) variables, no significant .assomatlon was found between .PP
i ) exposure and the head circumference. The sex stratification
Gestational age at birth, weeks 38.8 (1.5) .. . . ..
Birth weight (2 3176 (516) analy.sm in CO\./ar'late-adJusted rpodels showed a significant
] negative association between urinary MP and BP levels and
Birth length (cm) 50.13.D) head circumference in girls (regression coefficient for MP and
Head circumference (cm) 34.5(1.5)

compounds. A medium correlation existed between MP, PP,
and BP (r = 0.63-0.35, p < 0.05), while PP and EP were
slightly correlated ( = 0.202, p < 0.05) (data not shown).

The relationship between urinary parabens and anthropo-
metric measures (birth length, weight, and head circumfer-
ence) was evaluated using linear regression. The regression
coefficients (95% CI for regression coefficients) in three
models are demonstrated in Tables 3, 4, and 5.

In the unadjusted and adjusted linear regression models, a
positive significant relationship was observed between MP
and BP concentrations and birth weight (adjusted regression
coefficient for MP and BP, 3=0.79, 95% CI: 0.169, 1.41; p =
0.014; 5=8.56,95% CI:3.95, 13.17; p = 0.001, respectively).
Also, PP concentrations were positively associated with birth
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BP, 5=-10.003,95% CI: — 0.005, — 0.001; p = 0.011; S =—
0.035, 95% CI: — 0.055, — 0.016; p = 0.001, respectively).
There was no significant association between birth length in
boys and urinary parabens.

We adjusted Model 3 by all the confounders adjusted in
Model 2 except for gestational age. The significant associa-
tions found between the urinary paraben and anthropometric
measures (birth length, weight, and head circumference) in
Model 3 were approximately the same as the results observed
in Model 2.

Discussion

The present study examined the association between maternal
urinary paraben exposure and some birth outcomes such as
length, weight, and head circumference. We found obvious
associations between paraben exposure in Iranian pregnant
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Table 2  Paraben concentrations in urinary samples of Iranian pregnant women
Paraben Concentration type LOD DF (%) GM (SD) Min P25 P50 P75 P95 Max
MP Unadjusted ( pg/l) 0.01 100 74.0 (3.11) 1.01 30.6 85.0 203 441 955
Creatinine-adjusted (1g/g) 83.2 (3.44) 1.33 279 83.6 251 546 892
EP Unadjusted (pg/l) 0.02 38 439 (18.3) <LOD 3.08 10.1 22.1 156 181
Creatinine-adjusted (ug/g) 4.70 (19.4) <LOD 3.13 10.4 27.6 161 233
PP Unadjusted (pg/l) 0.02 95 10.3 (8.21) <LOD 437 13.2 40.5 122 218
Creatinine-adjusted (p1g/g) 11.6 (8.22) <LOD 5.33 16.2 45.4 127 244
BP Unadjusted (ng/l) 0.05 86 3.74 (11.7) <LOD 2.28 8.52 16.3 55.2 97.9
Creatinine-adjusted (p1g/g) 4.04(11.9) <LOD 2.06 7.28 22.3 45.0 123

DF detection frequency (%), SD standard deviation, P percentile

women and their infant weight, length, and head circumfer-
ence at birth. The application of parabens in numerous con-
sumer products led to MP and PP detection in 90 urinary
samples of pregnant women in prior studies (Jamal et al.
2020; Shirai et al. 2013; Wu et al. 2017), similar to the present
research. In agreement with the other sources (Casas et al.
2011; Kang et al. 2013; Shirai et al. 2013), the detection fre-
quency of EP in the present study was > 80%, while in two
other studies conducted in Puerto Rico (Aker et al. 2019) and
USA (Aung et al. 2019), the percentage of EP detection was
57.6% and 59.5%, respectively. Nevertheless, the detection
rate of BP in this research was higher than that presented by
other researchers (Jamal et al. 2020; Sakhi et al. 2018; Wu
et al. 2017). In line with other reports, MP and PP had the
maximum urinary concentration of parabens (Chang et al.
2019; Hajizadeh et al. 2020a; Wu et al. 2018). The levels of
MP and PP in this research were lower than those of reports
conducted on Spanish (Casas et al. 2011) and Japanese popu-
lations (Shirai et al. 2013). On the other hand, EP and BP were
higher. Moreover, the urinary concentrations of MP, EP, PP,
and BP detected in mothers in China (Wu et al. 2017),
Denmark (de Renzy-Martin et al. 2014), and Norway (Sakhi
et al. 2018) were lower than those of the Iranian women in the

present study. The difference in reported concentrations could
be due to various socioeconomic characteristics and some
variances in lifestyle (Hajizadeh et al. 2020a). In accordance
with previous studies (Asimakopoulos et al. 2014; Kiani
Feizabadi et al. 2020b; Larsson et al. 2014), we observed a
significant positive association between MP and PP (correla-
tion coefficient = 0.636), which indicates that these com-
pounds are applied in combination, which is the common
exposure source.

Based on two systematic reviews, epidemiologic investiga-
tions on associations between maternal paraben and anthropo-
metric measures (length, weight, and head circumference at
birth) are limited (Jamal et al. 2019; Zhong et al. 2020). In this
research, a significant relationship was found between MP and
BP and birth weight in covariate-adjusted models. Although,
in the sex-stratified model, a significant positive correlation
was found between MP, PP, and BP levels and the birth
weight of girls, only a significant positive association was
found between the boys’ weight and BP concentration.
Equally, the results of previous studies in China and France
showed that maternal paraben exposure had a positive associ-
ation with birth weight (Philippat et al. 2014; Wu et al. 2017).
In accordance with our results, Aker et al.’s study in the USA

Table 3 The results of regression

coefficients for associations Paraben  Model 1* (N = 160) Model 2° (N = 160) Model 3° (N = 160)

between creatinine-adjusted

paraben concentrations (ng/ml) Beta (95% CI) p Value  Beta (95% CI) p Value  Beta (95% CI) p Value

and birth weight (g) among

singletons: unadjusted and MP 1.0 (0.48, 1.50) 0.000 0.79 (0.16, 1.41) 0.014 0.80 (0.18, 1.42) 0.012

adjusted models EP 1.99 (- 0.18,4.17)  0.071 1.62 (- 0.85,4.08)  0.197 1.70 (- 0.75,4.14)  0.172
PP 2.96 (0.68, 5.23) 0.011 2.15(-0.38,4.69)  0.095 2.14 (- 0.38,4.67)  0.095
BP 9.81 (5.52,14.11)  0.000 8.56 (3.95,13.17)  0.000 8.49 (4.04,12.94)  0.000

Bold values indicate statistical significance (p < 0.05)

#Model 1: unadjusted models

> Model 2: adjusted for potential confounders, including maternal age, maternal education, income, pre-pregnancy
BMLI, physical activity, parity, gestational age, maternal passive smoking status, season of birth, and infant sex

©Model 3: adjusted for all potential confounders included in Model 2, except for gestational age

@ Springer



36034

Environ Sci Pollut Res (2021) 28:36029-36038

Table4  The results of regression coefficients for associations between creatinine-adjusted paraben concentrations (ng/ml) and birth length (cm) among

singletons: unadjusted and adjusted models

Paraben Model 1 (N = 160) Model 2° (N = 160) Model 3° (N = 160)

Beta (95% CI) p Value Beta (95% CI) p Value Beta (95% CI) p Value
MP 0.005 (0.002, 0.009) 0.002 0.004 (0.00, 0.009) 0.037 0.004 (0.00, 0.008) 0.042
EP 0.012 (= 0.002, 0.027) 0.085 0.007 (— 0.009, 0.022) 0.394 0.006 (— 0.010, 0.022) 0.443
PP 0.008 (— 0.007, 0.023) 0.284 0.001 (— 0.016, 0.018) 0.908 0.001 (— 0.016, 0.018) 0.898
BP 0.014 (= 0.016, 0.045) 0.363 0.009 (— 0.022, 0.041) 0.554 0.006 (— 0.025, 0.037) 0.694

Bold values indicate statistical significance (p < 0.05)
#Model 1: unadjusted models

" Model 2: adjusted for potential confounders, including maternal age, maternal education, income, materal height, pre-pregnancy BMI, physical
activity, parity, gestational age, maternal passive smoking status, and infant sex

€ Model 3: adjusted for all potential confounders included in Model 2, except for gestational age

revealed that the maternal urinary BP concentration was relat-
ed to weight increase in both male and female neonates (Aker
et al. 2019). In another study, only in the sex-stratified model,
a significant positive relationship was found between maternal
BP concentration and the birth weight of boys (Jamal et al.
2020). However, the results of other studies indicated a nega-
tive relationship between birth weight and maternal paraben
exposure (Geer et al. 2017; Philippat et al. 2012). The exact
mechanisms of gaining birth weight due to paraben exposure
are not clearly understood. It has been reported that exposure
to EDC, such as parabens compounds, can directly affect
weight gain by changing lipid homeostasis toward lipid accu-
mulation and adipogenesis. Furthermore, the increase in
weight by paraben exposure can be attributed to the increase
in adipocytes’ number and size, and also a change in endo-
crine pathways responsible for adipose tissue metabolism con-
trol (Newbold et al. 2008). Accordingly, maternal perinatal
paraben exposures raised neonatal weight gain, resulting in
higher birth weight. It has been shown that the distribution

Table 5
(cm): unadjusted and adjusted models

pattern of estrogen receptors can differ by neonate sex
(Gillies and McArthur 2010); therefore, the effects of estrogen
can vary and be specific depending on the sex. Likewise, the
reproductive outcomes and developmental effects of maternal
exposure to parabens may vary by sex (Dodge et al. 2015).
Although our findings demonstrated a sexually dimorphic pat-
tern between prenatal exposure to parabens and fetus birth
weight, these associations must be verified on larger sample
size.

According to the findings of covariate-adjusted models, a
positive association was found between urinary MP concen-
trations and neonatal length (5 = 0.005, 95% CI: 0.002,
0.009). Also, after subgroup analysis by sex, a significant
positive relationship was found between urinary MP and
boys’ birth length. Additionally, no significant association
was observed between parabens and the girls’ birth length,
although the relationship was positive. Previous studies pre-
senting the association between maternal urinary paraben con-
centration and birth length have demonstrated no consistent

The results of regression coefficients for associations between creatinine-adjusted paraben concentrations (ng/ml) and head circumference

Paraben Model 1* (N = 160) Model 2° (N =160) Model 3° (N = 160)

Beta (95% CI) p Value Beta (95% CI) p Value Beta (95% CI) p Value
MP —0.002 (— 0.004, — 0.001) 0.002 —0.002 (— 0.004, — 0.000) 0.035 —0.002 (- 0.004, — 0.000) 0.036
EP —0.003 (= 0.009, 0.004) 0.431 —0.002 (- 0.009, 0.005) 0.586 —0.002 (- 0.009, 0.005) 0.590
PP —0.009 (- 0.015, — 0.002) 0.050 —0.008 (= 0.015, — 0.001) 0.073 —0.008 (= 0.015,—0.001) 0.072
BP —0.021 (- 0.035, — 0.008) 0.002 —0.016 (— 0.030, — 0.002) 0.026 —0.015 (— 0.028, — 0.001) 0.030

Bold values indicate statistical significance (p < 0.05)
#Model 1: unadjusted models

®Model 2: adjusted for potential confounders, including maternal age, maternal education, income, type of delivery, pre-pregnancy BMI, physical
activity, parity, gestational age, maternal passive smoking status, and infant sex

©Model 3: adjusted for all potential confounders included in Model 2, except for gestational age
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misclassifications. The maximum rate of paraben exposure in
pregnant women was achieved through the dermal absorption
and ingestion of consumer products. Since the consumption
habits of individuals do not change easily, the analysis of
parabens in single spot urine could be representative.
Moreover, despite the short half-life of parabens, their levels in
a spot urine sample reasonably represent an individual’s expo-
sure over several months (Smith et al. 2012). In addition, some
earlier studies have demonstrated that spot sampling is a suitable
predictor of long-term exposure and provides adequate sensitiv-
ity to categorize individuals’ exposure in epidemiologic investi-
gations (Dewalque et al. 2015; Mahalingaiah et al. 2008).
However, further studies are warranted to evaluate the associa-
tion between maternal paraben exposure during pregnancy and
birth outcomes in multiple urine samples. One more limitation
was that we could not separate the isotherms by our detection
method, and then we analyzed the sum of the isomers (nPrP vs.
is0-PrP, n-BuP vs. iso-BuP). According to the results of
Bledzka’ study, the toxicological effects of n-PrP vs. iso-PrP
and n-BuP vs. iso-BuP were alike (Bledzka et al. 2014).
Nevertheless, as a strength of this study, the association between
urinary levels of paraben and anthropometric measures (birth
length, weight, and head circumference) was evaluated in three
models, and numerous potential confounder variables were con-
sidered, including socioeconomic factors, gestational age, phys-
ical activity, prepregnancy BMI, parity, and mode of delivery.
However, an obvious limit of the present study is that the other
typical environmental phenolic compounds were not adjusted to
verify the robustness of the results. High levels of parabens,
especially BP, in the present study compared to previous studies
provide an opportunity to investigate the potential effects of
parabens in a paired mother-infant population. Findings confirm
the probability of parabens’ exposure effect on the offspring size
at birth. Still, more extensive investigations are required to better
understand how they influence infant growth. In the meantime,
pregnant women should be advised on simple ways to decrease
paraben exposure.

Conclusion

A significant amount of urinary paraben was detected in the
majority of individuals; in particular, the mean urinary BP
concentration was higher than in other countries. Findings
indicated that exposure to parabens during pregnancy can in-
crease weight and length at birth, while conversely, exposure
to MP and PP is related to a decreased head circumference.
Moreover, findings showed a sex-dependent association be-
tween prenatal exposure to parabens and fetus growth indica-
tors. In boys, maternal urinary MP and BP were associated
with increased birth length and weight, respectively. In girls,
maternal urinary MP, PP, and BP were associated with in-
creased birth weight, and MP and BP with a reduced head

@ Springer

circumference at birth. Although these results might be
interpreted with caution in light of innate investigation limita-
tions, they highlight the possible relevance of maternal peri-
natal paraben exposure to birth outcomes. With the extensive
usage of parabens and their possible endocrine-disrupting ef-
fects, further studies are needed to replicate the findings of the
present study, as well as to simplify the mechanism of the sex-
specific relationship of parabens on a larger sample size.
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