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Abstract

In recent decades, emerging environmental pollutants such as endocrine-disrupting chemicals (EDCs) have become a particu-
lar concern. This study examined the association of maternal exposure to benzophenones as one of the EDCs with gestational
age and evaluated their effects on birth outcomes including birth weight, birth length, head circumference, and Ponderal
Index. We assessed 166 pregnant mothers of the PERSIAN cohort population of Isfahan, Iran, in the 1st and 3rd trimesters
of pregnancy and their infants at birth. Four common benzophenones (BPs) including 2,4-dihydroxy benzophenone (BP-1),
2-hydroxy-4-methoxy benzophenone (BP-3), 4-hydroxy benzophenone (4-OH-BP), and 2,2'-dihydroxy-4-methoxy benzo-
phenone (BP-8) were measured in maternal urine samples. The median urinary concentrations of 4-OH-BP, BP-3, BP-1,
and BP-8 in the Ist trimester were 6.62, 7.5, 4.39, and 1.32 ug/g creatinine and those in the 3rd trimester were 3.15, 16.98,
9.95, and 1.04 pg/g creatinine, respectively. BP-3 was the predominant metabolite in both trimesters. There was a significant
correlation between BP-3, BP-1, and 4-OH-BP levels (p < 0.05) but not BP-8. BP-1 showed a significant positive association
with gestational age (GA) in all infants in the 1st trimester, but a negative association was observed between BP-3 and BP-1
levels and GA in girls. Classification of infants’ birth weight for different GAs represented that the majority of them were
appropriate for GA. However, boys’ weights were heavier than girls. Also, birth outcomes of preterm (< 37 weeks) infants
were noticeably lower than term infants (37-42 weeks). This study demonstrated that benzophenone derivatives especially
BP-3 can affect the duration of pregnancy and consequently fetal growth in the early and late stages of pregnancy. This is
more pronounced in girls; however, more investigations in a different population are needed to prove the results. Therefore,
the application of these compounds as a UV protector requires precise regulation to reduce exposure, especially in pregnant
women.
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Introduction

Responsible Editor: Lotfi Aleya.

Benzophenones (BPs) are one of the emerging environ-
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reported the presence of BPs in urine, blood, and breast milk
(Delgado et al. 2017; Krause et al. 2018). As urine is the
major route of excretion of EDC metabolites, measuring the
concentration of BP metabolites in the urine can indicate a
general exposure to BPs (Kawaguchi et al. 2009).

The main effects of BPs and their derivatives include car-
cinogenicity, dysfunction of endocrine hormones, eczema,
toxicity for fetal growth and reproduction, adverse effects
on human organs such as the liver, and disruption of the
natural ecosystem (Kerdivel et al. 2013; Li et al. 2014).
According to USEPA and IARC, benzophenones are poten-
tial carcinogens for humans (group B), and there is suffi-
cient evidence from various studies to show that they are
carcinogenic to animals (Mattison et al. 1990; Rhodes et al.
2007; Anonymous 2020; Mistry et al. 2021). There are sev-
eral benzophenones with diverse structures and biological
activities. Among them, 2,4-dihydroxy benzophenone (BP-
1), 2-hydroxy-4-methoxy benzophenone (BP-3), 4-hydroxy
benzophenone (4-OH-BP), and 2,2'-dihydroxy-4-methoxy
benzophenone (BP-8) are commonly detected in biologi-
cal samples. BP-8 is a minor metabolite of BP-3 and BP-1
and 4-OH-BP are phase-I reaction metabolites of BP-3
(Suzuki et al. 2005). BP-3 and 4-OH-BP as derivatives of
BPs, with strong estrogenic activity, can cause breast cancer
and endometriosis, pass through the skin, and accumulate in
the blood, kidneys, and liver (Kunisue et al. 2012; Kim and
Choi 2014; Smarr et al. 2016; Karthikraj and Kannan 2018;
Barone et al. 2019).

Due to the risks associated with the widespread use of
BPs containing products, researchers have paid more atten-
tion to these chemicals over the last decades (Kim and Choi
2014). The exposure level of BPs in different countries may
be affected by various factors such as population cultures
and their behaviors of using BP content products and the
existence of strict rules to limit the use of BPs in different
industries (Dodson et al. 2020). According to recent studies,
BP derivatives can penetrate in a recognizable level from the
placenta to human amniotic fluid and fetal blood circulation
affecting fetal growth because of their highly toxic potential
(Krause et al. 2018). BP derivatives can affect fetus growth
indirectly by interfering duration of pregnancy or directly
by the mechanism of disrupting endocrine hormones. They
bind to human estrogen receptor a (hER o) and § (hER f)
and interfere with the normal process of offspring growth
(Kunz et al. 2006; Molina-Molina et al. 2008). These make
pregnant women and their offspring one of the most vul-
nerable groups in exposure to these pollutants all over the
world (Long et al. 2019). Although correlations of exposure
to other pollutants such as heavy metals (Wai et al. 2017,
Moradnia et al. 2021), parabens (Hajizadeh et al. 2021), bis-
phenol a (Wan et al. 2018; Zhou et al. 2019), and phthalate
(Santos et al. 2021) with offspring birth outcomes have been
reported, studies on the effects of BPs on pregnant women

and their infants are not conclusive. However, the available
evidence has shown that BPs by disrupting hormonal activi-
ties and inflammatory responses can impact the duration of
pregnancy (Wolff et al. 2008; Tang et al. 2013; Aker et al.
2016, 2019). They may interfere with the normal growth
process, development of the reproductive system, and hor-
monal balance of the fetus (Nakamura et al. 2015; Balazs
et al. 2016).

Birth size and gestational age can be good indicators of
an infant’s health. Therefore, investigation of the factors
affecting the duration of pregnancy and its impacts on infant
size is very essential. Infants born earlier than 37 weeks are
considered premature and the pregnancy is called preterm
birth (PTB). Such babies usually have many problems in the
early and late years of their life. PTB or birth weight less
than 2.5 kg can lead to consequences such as infant death,
increased neurological disorders, respiratory system, visual
and hearing impairment, and cerebral palsy (Blencowe et al.
2013; Luu et al. 2016). On the other hand, late birth over
40 weeks, in addition to increasing the risk of stillbirth or
adverse birth conditions for the baby, has serious risks for
the mother including increased cesarean delivery, perineal
lacerations, and postpartum hemorrhage, likely due to the
large size of the baby (Galal et al. 2012; Aker et al. 2019).

Although some studies have not achieved a consistent
association of BP exposure during pregnancy with preterm
delivery (Mustieles et al. 2020), others have shown the
effect of various BP derivatives on decrease or increase of
pregnancy length (Aker et al. 2016, 2018, 2019; Long et al.
2019). Some studies demonstrated that exposure to BP-3,
one of the most commonly used ingredients in sunscreens,
during pregnancy reduces gestational age, increases neonatal
head circumference by up to 0.3 cm, and increases the birth
weight of male infants and, conversely, decreases the birth
weight of female infants (Wolff et al. 2008; Philippat et al.
2012, 2019; Tang et al. 2013). A study in China showed that
each logarithmic unit increase of BP-1 and 4-OH-BP con-
centrations in urine in the 1st trimester of pregnancy resulted
in a 0.6 mm and 0.8 mm decrease in infants’ birth height,
respectively. Additionally, BP-1 and BP-3 were also associ-
ated with weight loss at birth, which was more pronounced
in female infants (Long et al. 2019).

Considering the adverse health effects of BPs on pregnant
women and their infants, and the presence of these chemicals
in a wide range of substances, in this study, we evaluated the
urinary level of the four most common and high estrogenic
activity BPs (BP-1, 4-OH-BP, BP-8, BP-3), during the 1st
and 3rd trimesters as the most critical period of pregnancy.
We also assessed the correlation between urinary levels of
BP derivatives and gestational age, as well as the impacts of
gestational age on infants’ birth weight and length, head cir-
cumference, and Ponderal Index. To the best of our knowl-
edge, this study was conducted for the first time in Iran,
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as one of the high cosmetic consumption regions (Hosseini
et al. 2014). The findings of this study can provide informa-
tion on BP exposure level, and outline the possible associa-
tion of BP-3, BP-1, BP-8, and 4-OH-BP with gestational
age and their consequences on offspring size. These findings
differentiate the importance of limiting the use of products
containing these compounds among vulnerable groups such
as pregnant women.

Materials and methods
Study population

The study population was selected from the participants in
the PERSIAN (Prospective Epidemiological Research Stud-
ies in IRAN) Birth Cohort (Sakhvidi et al. 2021; Hajizadeh
et al. 2021). This cohort study evaluates the associations
of socio-economic characteristics, lifestyle, diet, environ-
mental exposures, and epigenetic factors with pregnancy
outcomes, mother and child mental and physical health and
well-being, child neurodevelopment, and risk factors for the
establishment of chronic diseases. Participants were selected
from pregnant women living in different areas of Isfahan,
one of the industrial metropolises of Iran. Inclusion criteria
of the study were being in the 1st trimester of pregnancy,
living at the same address for more than 1 year, and not
having any chronic and underlying diseases. Exclusion cri-
teria were having any hormone-related illnesses and hor-
mone therapy, multiple or twin gestations, and occupations
that cause exposure to these compounds such as working
in hairdressers, cosmetics manufacturing, and packaging
and printing industries. In this study, 170 eligible pregnant
women of the PERSIAN cohort participants were enrolled,
but four of them who had a miscarriage before sampling
time were excluded. First of all, the objectives of the study
and the required information in the questionnaire as well as
voluntarily participating in the study were explained to the
participants in the first visit of pregnancy checkup, and then
consent form was signed by the individuals. Characteristics
of the study population (demographic, socio-economic, and
lifestyle information) were recorded via a face-to-face inter-
view by trained experts. The pre-pregnancy weight of these
women was recorded based on their statements, but their
weight was measured at the 1st- and 3rd-trimester visits,
as well as before delivery in the hospital with standard and
calibrated instruments. Due to the COVID-19 outbreak and
lockdown program, only 87 participants attended the 3rd-tri-
mester sampling. However, the birth outcomes of 162 infants
of mothers during delivery were measured and recorded by
the experienced nurses of the hospital with standard and
calibrated devices. The protocol and method of the present
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study were approved by the Persian Cohort Ethics Commit-
tee (IR.MUILREC.1394.1.354) (Sakhvidi et al. 2021).

Chemicals and analytical reagents

The chemicals used in this study were analytical grade of
four benzophenone derivatives including 2,4-dihydroxy
benzophenone (BP-1), 2-hydroxy-4-methoxy benzophe-
none (BP-3), 2,2'-dihydroxy-4-methoxy benzophenone
(BP-8), and 4-hydroxy benzophenone (4-OH-BP), and
B-glucuronidase/sulfatase enzyme (Helix pomatia type
HP-2) and N-methyl-N-(trimethylsilyl) trifluoroacetamide
(MSTFA) as a derivatizing agent were purchased from
Sigma-Aldrich Co. (St. Louis, MO, USA). GC grade extrac-
tion and dispersant solvents such as acetone, methanol, and
trichloromethane were provided from Merck Company
(Darmstadt, Germany).

Sample collection, extraction, and analytical
methods

Before sampling, the participants were informed to have
fasted and do not change their routine life pattern until sam-
ple delivery. Spot urine samples were collected in the early
morning by referring them to the designated health centers.
Participants delivered their urine samples two times dur-
ing the routine pregnancy visits, one within the 1st and the
other within the 3rd trimester of pregnancy. The Ist- and
3rd-trimester samples were taken on average in the 12th
(10-14) and 34th weeks (32-36) of pregnancy, respectively.
The samples were collected in polypropylene containers
and divided into two parts; one part was transferred to the
medical laboratory for creatinine test and the other part was
stored at —20 °C until the experiments were performed. The
creatinine of the urine samples was analyzed according to
the Jaffe method with Hitachi 704 auto-analyzer. GC, Agi-
lent (USA) model 7890, equipped with MS, Agilent model
5975 Split/Splitless input with a quadrupole mass spectrom-
eter, was used for the quantification of the metabolites.

For determination of all free and combined available
BP-1, 4-OH-BP, BP-8, and BP-3 compounds in the urine
sample, 10 pL beta-glucuronidase/arylsulfatase enzyme
solution was added to each sample, rapidly mixed, then
incubated at 37 °C for 24 h to complete the enzymatic diges-
tion of the mixture. Afterwards, 0.1 g of sodium chloride
was added to the sample and placed in an ultrasonic bath
at 40 °C for 10 min. The dispersive liquid-liquid microex-
traction (DLLME) method was utilized to extract the BP
metabolites from the urine samples. This technique is based
on a tertiary solvent system that has more advantages such
as simplicity, speed, low cost, high concentration factor, and
high recovery (Fernandez et al. 2021). The sample extrac-
tion was performed by pipetting 3—5 ml of urine sample
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into a 2-ml falcon and adding 100 pL ammonium acetate
(pH=6.8). For DLLME extraction, 500 pL acetone and
100 pL trichloromethane were combined in a vial and the
mixture was immediately added to the urine sample in a
falcon tube to form a cloudy state. The cloudy solution was
centrifuged at 5000 rpm for 5 min. Then, the organic phase
formed at the bottom of the falcon tube was removed using a
microliter syringe and dried with a gentle blow-up by nitro-
gen gas. Twenty microliters of MSTFA was added to the
dried residue in the falcon tube as a derivatizing agent and
centrifuged to mix completely. Finally, 1 pL of the obtained
solution was injected into the GC/MS to analyze the target
compounds (Campo et al. 2008; Amin et al. 2017).

Stock solutions of 4-OH-BP, BP-3, BP-1, and BP-8 were
made in methanol and kept in dark containers at —4 °C until
use. Working standards were prepared daily by diluting the
stock solution in deionized water. To increase the sensitivity
of the instrument and the accuracy of analysis, selected ion
monitoring (SIM) mode was used to identify each metabo-
lite. In this case, instead of measuring the entire m/z, which
covers a wide range, only the number of m/z that has the
highest frequency and is specified by the user is identified.
In this study, the highest frequency for 4-OH-BP, BP-3,
BP-1, and BP-8, including 193, 227, 285, and 343 m/z, was
selected, respectively. Helium gas with 99.999% purity and
flux of 1 ml/min was used continuously as a carrier gas.
To obtain the best separation and distinguish between the
chromatogram peaks, different temperature programs for the
column and carrier gas inlet velocities were used. The ini-
tial column oven temperature for metabolites separation was
90 °C for 2 min, then increased to 290 °C with a temperature
ramp of 8 °C per minute, and kept at this temperature for
5 min. The injection mode was Splitless and the transfer
line temperature was kept at 290 °C (Campo et al. 2008;
Amin et al. 2017). To create calibration curves, the synthetic
benzophenone-free urine samples (which is regular urine
created in a laboratory to mimic that of clean human urine)
were spiked with different concentrations (0—100 ug/L) of
the four benzophenone metabolites. Quality control samples,
prepared by spiking a known amount of BP metabolite solu-
tion into synthetic urine to achieve the target concentration,
and blank samples (synthetic urine without any BP metabo-
lites) were used to evaluate the accuracy of analytical meth-
ods. The recovery percentage for the studied metabolites
was 86.67% on average, and LOD (limit of detection) for
4-OH-BP, BP-3, BP-1, and BP-8 was 0.048, 0.045, 0.055,
and 0.04 pg /L, respectively.

Gestational age estimation and birth outcomes
Gestational age was calculated based on the last menstrual

cycle date reported by the mother’s or using the first ultra-
sound documents available in the mother’s clinical file

(Wegienka and Baird 2005). Anthropometric indicators of
infants including weight, height, and head circumference
were measured at birth by experienced hospital nurses.
Infants’ length was measured in a supine position with
straight knees from crown to heel. Head circumference was
measured from the largest diameter of the head through the
back of the head and above the nasal septum (glabella and
occiput) with a non-elastic tape meter. At the time of weigh-
ing, the babies were completely naked. Neonatal Apgar
score was calculated by scoring infants heart rate, respira-
tory effort, muscle tone, skin color, and reflex irritability
from 1 to10 in the first and fifth minutes after being born.
To evaluate the pattern of fetal growth in small- or large-for-
gestational age (SGA or LGA), the Rohrer’s Ponderal Index
(PI), also known as Corpulence Index (CI), was calculated
using the following formula (Chang et al. 2019):

100 x body weight (g)
body length(cm)?

Ponderal Index =

Statistical analysis

Descriptive statistics and frequencies were produced for the
characteristics of the study population, urinary metabolites
of BPs in 1st and 3rd trimester of pregnancy, gestational
age, birth outcomes, and correlation maps of BPs in spe-
cific sex of offsprings. The Mann—Whitney U test is used
to compare differences between two independent groups
when the variables are either ordinal or continuous, but not
normally distributed. So, in this study, urinary metabolites
of benzophenones in the 1st and 3rd trimester of pregnancy
were compared using the Mann—Whitney U test. Correlation
between urinary levels of the metabolites in the 1st and 3rd
trimester of pregnancy was tested using the Spearman rank
correlation coefficient. The linear regression models were
also used to test the association between the metabolites of
benzophenones in the 1st and 3rd trimesters with gestational
age. Moreover, the concentrations of the metabolites less
than the LOD were assigned by the value of LOD divided
by the square root of 2. Statistical analyses were carried out
using SPSS software (SPSS Inc., Chicago, IL) version 26
based on two-tailed tests, and statistical significance was set
at p value < 0.05. Correlation maps and hierarchical cluster-
ing were plotted using RStudio software version 1.3.959.

Results

The key characteristics of mothers and infants involved in
the study are represented in Table 1. The mean pregnancy
age was 29.94 +5.49 (range 17-43) years, most of whom
(33.95%) were between 30 and 34 years old. The average
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Table 1 Key characteristic of pregnant women and their infants

Maternal characteristics N (%) or mean + SD
Maternal mean age (year) 29.94+5.49
Maternal age (year) <25 30 (18.52)
25-29 44 (27.16)
30-34 55(33.95)
>35 33 (20.37)
Pre-pregnancy BMI (kg/m?) <18.5 14 (8.64)
18.5-23.9 61 (37.65)
24-29.9 71 (43.83)
>30 16 (9.88)
BMI before delivery (kg/m?) <18.5 0
18.5-23.9 12 (8)
24-29.9 64 (42.67)
>30 74 (49.33)
Pregnancy weight gain (kg) 13.52+6.22
Education <Diploma 100 ( 61.73)
undergraduate 55 (33.95)
post graduate 7 (4.32)
Income Low 37 (23)
Moderate 117 (72.70)
High 7 (4.30)
Gestational diabetes Yes 10 (10.53)
No 85 (89.47)
Pregnancy blood pressure Yes 3(3.16)
No 92(96.84)
Passive smoking during 1st Yes 39 (24.68)
trimester No 119 ( 75.32)
Passive smoking during 3rd Yes 18 (22.22)
trimester No 63 (77.78)
Pregnancy supplement Yes 155 (97.48)
No 4(2.52)
Infant characteristics N (%) or mean +SD
Sex Male 89 (56.69)
Female 68 (43.31)
Birth weight (g) 2961.68 +832.6
Birth length (cm) 47.25+11.77
Head circumference(cm) 32.37+8.44
Gestational age (week) 38.71+1.71
Apgar 9.89+0.33
Ponderal index(g/cm?) 2.51+0.34

gestational age was obtained 38.71 +1.71 weeks. Among
mothers, 37.65% had normal BMI before pregnancy, but
18.52% of them were abnormally lean or obese. The mean
weight gain during pregnancy was 13.52 +6.22 kg; however,
there was an increase of 40.55% in the obese group dur-
ing pregnancy. The education level of 61.73% of mothers
was primary and diploma, and a limited number of them
(4.32%), were university graduates. According to Iranian
basic salary, 72.70% of the study population had moderate
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monthly income. During pregnancy, 13.69% of the mothers
were diagnosed with pregnancy diabetes and hypertension.
Also, 46.9% of them were exposed to secondhand smoke.

The detection rates of BP-3 and BP-1 both in the 1st and
3rd trimesters were 100%. But the detection rates for 4-OH-
BP and BP-8 were 98% and 95% in the 1st trimester, and
82% and 89% in the 3rd trimester, respectively. The results
of mothers’ urinary BP levels in the 1st and 3rd trimester,
volume-based (ug/L) and adjusted with creatinine (ug/g Cr),
are shown in Table 2. The median concentration of metabo-
lites in both trimesters showed significant differences except
for creatinine-adjusted BP-3 and BP-1. However, these two
metabolites demonstrated higher median concentration in
the 3rd trimester compared to the st trimester. Also, BP-3
had the highest concentration among the other metabolites
in both the 1st and 3rd trimesters.

For evaluation of the correlation between the BP metabo-
lites in each trimester, heat maps were created for the cre-
atinine-adjusted concentrations which are represented in
Figs.1, 2, and 3. Figure 1 illustrates the correlation within
the metabolites in the 1st and 3rd trimesters in the total stud-
ied infants. These metabolites in the 1st and 3rd trimesters
of pregnancy were positively correlated with a large and
significant coefficient, which means that with increasing one
of the metabolite’s levels, the others were also increased.
According to tree classification and correlation coefficients,
BP-1 and BP-3 had the highest correlation with each other
followed by 4-OH-BP in both trimesters of pregnancy. BP-8
had the lowest correlation with the other metabolites, but
this correlation was significant. Although in the 3rd trimester
the conditions were similar to those in the 1st trimester, the
correlation between BP-8 and 4-OH-BP was not significant.
Also, no significant correlation was observed between the
concentrations of metabolites in the 1st and 3rd trimesters.

Further stratification by infant sex showed that in girls,
in the 1st trimester, the concentration of the metabolites had
a significantly positive correlation with each other, while
in the 3rd trimester only BP-1 and BP-3 showed a signifi-
cant association, but this was not observed within the other
metabolites (Fig. 2). In the 1st trimester, BP-1 and BP-3 had
the highest correlation according to tree classification and
correlation coefficients, and 4-OH-BP showed the highest
correlation with these metabolites, but BP-8 had less sig-
nificant correlation with the other variables. However, no
significant correlation was observed between the levels of
metabolites in the 1st and 3rd trimesters.

Figure 3 illustrated that correlation between the metabo-
lites in each trimester was more obvious in boys. The cor-
relation of pollutants in male infants in both trimesters is
quite similar to the overall results of the total infants. Also
in contrast to Figs. 1 and 2, a significant correlation was
observed in male infants between the concentrations of
BP-1, BP-3, and 4-OH-BP in the 1st trimester with their
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Table 2 Distribution of urinary metabolites of benzophenones (ug/g creatinine) in 1st (N=166) and 3rd (N=387) trimesters of pregnancy

Trimester ~ Metabolite =~ Mean

SD Median  Min Percentiles Max p value (z-test)
5 25 50 75 95
Ist 4-OH-BP 15.01  35.42 6.62 <LOD 0.28 2.24 6.62 1343 51.31 37778 O
3rd 4-OH-BP 3.52 3.15 3.15 0.08 0.13 1.13 3.15 5.31 9.36 9.6
Ist BP-3 14.65 2231 7.5 0.41 1.22 3.84 7.5 17.53  58.04 20575 024
3rd BP-3 19.66 1698  16.98 4.73 525 1099 1698 26.06 45.65 49.47
1st BP-1 9.66 1743 4.39 0.31 0.67 2.22 439 1024 396 151.77 0.6
3rd BP-1 11.37 9.95 9.95 2.86 3.19 6.44 995 15.02 26.02 27.95
1st BP-8 2.53 3.93 1.32 <LOD 0.13 0.58 1.32 2.3 11.6 2312 0
3rd BP-8 1.2 1.04 1.04 0.04 0.28 0.76 1.04 1.56 2.86 2.95

4-OH-BP 4-hydroxy benzophenone, BP-3 2-hydroxy-4-methoxy benzophenone, BP-I 2,4-dihydroxy benzophenone, BP-8 2,2'-dihydroxy-

4-methoxy benzophenone

concentrations in the 3rd trimester. This was indicating that
the pregnant women with male neonates were more affected
by these contaminants. Meanwhile, mothers with girl neo-
nates represented a lower association among these pollutants
in each trimester and the relationship between the 1st and
3rd trimesters.

Examination of the relationship between urinary BP
derivatives and gestational age (GA) adjusted for maternal

Fig.1 Correlation maps and
Hierarchical clustering between
the different parameters. Cell

age, pre-pregnancy BMI, weight gain during pregnancy,
passive smoking, household monthly income, and educa-
tion is represented in Table 3. In the Ist trimester of preg-
nancy, there was a significant positive association between
BP-1 and GA with p value <0.019 in all neonates. However,
stratification by gender demonstrated a strong negative cor-
relation among GA and BP-3 as well as BP-1 in girls with
p value <0.034 in the 1st trimester, whereas in boys, only
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Fig.2 Correlation maps and
Hierarchical clustering between
the different parameters in girls.

Cell colors from light to dark
purple indicate minimum to
maximum Spearman correlation
coefficients, respectively. Aster-
isks indicate significant correla-
tions (*p <0.05; **p<0.01). f
stands for 1st and t sands for 3rd
trimester

3-8-dd

BP-8 represented association with GA in the 1st trimester
with p value <0.049.

The influence of pregnancy duration on newborn
birth size was further investigated. Characteristics of the
infant’s birth weight and classification as small, appropri-
ate, or large for gestational age are represented in Table 4.
Infants with a birth weight under 2315 g (10th percen-
tile) were propounded small for gestational age (SGA),
those with a weight above 3664 g (90th percentile) were
considered large for gestational age (LGA), and those
with a weight between 2315 and 3664 g were accounted
for appropriate for gestational age (AGA). According to
Table 4, 78.3% of the newborn infants were in the AGA
group. Sex-specific classification showed that the median
birth weight of male infants was 3250 g where 78.7% of
them were in the AGA group followed by 11.2% in LGA
and 9% in the SGA group. Although median weight in
girls was less than boys, the percentage of girls with AGA
(80.9%) was more than that of boys. Table 5 represents
the characteristics of GA and the classification of deliv-
ery terms among the studied mother-infant subjects. The
median GA was 39 weeks with the range of 32—43 weeks.
89.75% of mothers had term delivery between 37 and
42 weeks, 8.4% had preterm delivery (earlier than
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37 weeks), and only 1.8% of them had post-term delivery
(later than 42 weeks).

Statistical data of infants’ birth outcomes, including
weight, height, head circumference, and Ponderal Index clas-
sified versus different gestational ages, are shown in Table 6.
The mean weight of infants with preterm and post-term birth
was 2640 g (95% CI, 2326-2745) and 3175 g (95% CI,
3107-3242), respectively. Due to the small number of post-
term birth groups (just 3 birth), some parameters seemed to
be unreasonable and unreliable and were not presented in
the table. The difference in the newborns’ height was more
pronounced, with normal-term birth groups being 3.895 cm
taller than premature infants. Infants’ head circumference
varied from a minimum of 32 cm to a maximum of 36 cm
in the three GA groups. PI of preterm and term birth infants
did not show a noticeable difference.

Discussion

In this study, the most common benzophenone derivatives
in the urine samples of Iranian pregnant women were
monitored in the 1st and 3rd trimesters of their pregnancy
and their association with gestational age was investigated.
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Fig.3 Correlation maps and
Hierarchical clustering between
the different parameters in boys.
Cell colors from light to dark
green indicate minimum to
maximum Spearman correlation
coefficients, respectively. Aster-
isks indicate significant correla-
tions (*p <0.05; **p<0.01). f
stands for 1st and t sands for 3rd BP-1-f
trimester
BP-3-f
4-OH-BP-f
[— BP-8-f
BP-1-t
BP-3-t
4-OH-BP-t
- BP-8-t
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Also, the effects of pregnancy duration on a newborn’s
size were evaluated. Despite the huge use of substances
containing benzophenone compounds in Iran and their
possible health risks, especially for pregnant women
and their infants, by now, no human studies have been
performed on benzophenone biomonitoring and their
adverse health outcomes in this country. Various studies
have proven that benzophenone derivatives such as 4-OH-
BP, BP-3, BP-1, and BP-8 due to having low molecular
weight can easily transfer from the placenta barrier to the
fetus (Tang et al. 2013). Comparison of these metabolite
concentrations in cord and pregnancy serum demonstrated
that the fetus exposure to these contaminants is much higher
than the mother herself, which can have adverse effects
on fetal normal growth, birth outcomes, and gestational
duration (Long et al. 2019; Song et al. 2020). Also,
excretion and removal of phenolic compounds from the
fetus are slower than placenta, because the UDPGT isozyme
(uridine diphosphate-glucuronosyltransferase), responsible
for the elimination of most xenobiotic, is activated after
birth (Coughtrie et al. 1988; Takahashi and Oishi 2000).
Therefore, to prevent irreversible complications of these
chemical compounds in the infant’s early and later stages of
life, their exposure level should be under control.

ye-dd
¥1-dd
J-8-dd
J¢-dd
1-dd

J-d9HO ¥

A high detection rate of the studied BP derivatives in the
mothers’ urine in this research was achieved, compared to
other studies conducted in China (Jiang et al. 2019; Chen
et al. 2021), which could be attributed to the high sensitiv-
ity of our analytical method and reaching very low LOD for
these metabolites. Even in many studies of maternal expo-
sure to BP derivatives, the concentration of BP-8 has not
been evaluated, or its detection rate was very low, around
13% (Song et al. 2020) and 2% (Zhao et al. 2017). A high
median concentration of BP-8 in the 1st and 3rd trimes-
ters of pregnancy (1.1-1.9 ug/L) in the present study was
detected compared to the concentration < 0.001 pg/L in the
mentioned studies. However, the detection rate of all metab-
olites in our study was in close agreement with that reported
in a study that assessed urinary levels of BPs in Chinese and
American adults and children with a detection rate of 100%
for BP-3 and BP-1, and 93% and 60% for 4-OH-BP and BP-8
respectively (Wang and Kannan 2013).

BP-3 with the highest concentration was predominant
among other metabolites in the 1st and 3rd trimesters,
which is in line with the findings of other studies (Gao et al.
2015; Zhao et al. 2017; Long et al. 2019). This is reasonable
because the study area is located in the center of Iran with
a warm and desert climate and intense sunlight with a high
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Table 3 Regression coefficients

Al Metabolite All (N=166) Boys (N=89) Girls (N=77)
(B (95% CI)) for associations
of creatinine-adjusted Adjusted p p value  Adjusted p p value  Adjusted p p value
concentrations (ug/g Cr) of
benzophenone derivatives in (95% CI) (5% CI) (95% C)
g::s éliitoar?s igi trimesters with 4-OH-BP
Ist trimester  0.375 0.216 -0.281 -0.262 0.627
(—0.221, 0.972) (—1.862,1.301) 0.612 (—2.245,1.721)
3rd trimester  —0.199 0.813 —-0.153 -0.19 0.553
(—1.922, 1.525) (—1.187,1.770) 0.559 (—3.246, 3.718)
BP-3
Ist trimester ~ —0.476 0.169 —-0.53 0.355 -0.614 0.034
(—1.156, 0.205) (—2.075,1.014) (—3.451, 3.125)*
3rd trimester  0.249 0.765 —0.361 0.154 —0.548 0.065
(—1.455,1.952) (—6.180,6.982) (—1.479, 3.910)
BP-1
Ist trimester  0.171 0.019 —0.547 0.334 -0.612 0.034
(—1.185, 1.412)* (—2.064, 0.969) (—4.688, 8.562)*
3rd trimester  0.143 0.506 —-0.361 0.154 -0.542 0.069
(—0.280, 0.565) (—2.140, 2.273) (—6.434,9.126)
BP-8
Ist trimester ~ 0.098 0.576 -1.25 0.049 -0.218 0.613
(—0.249, 0.446) (—2.525,0.024)* (—1.797, 1.362)
3rd trimester  —0.605 0.312 -0.169 0.517 0.106 0.742

(- 1.820, 0.609)

(- 1.473,1.230) (—=0.576, 1.519)

*p value <0.05. Model adjusted for maternal age, pre-pregnancy BMI, weight gain during pregnancy, pas-
sive smoking, household monthly income, and education

UV index, which increases the need for sunscreen use, and
health care products with high BP-3 (Krause et al. 2012).
In such regions, exposure to a high level of BPs can reduce
the duration of pregnancy and affect infant birth outcomes.
However, according to the results of some studies, in utero
exposure to high temperature itself increases the risk of low
weight birth (Molina and Saldarriaga 2017). The median
concentration of BP-3 and BP-1 showed an increase in the
3rd trimester; however, that for 4-OH-BP was decreased in
that term. Studies have shown that 4-OH-BP has a higher
transmission rate to the fetus than other metabolites because
of its lower molecular weight compared to the others. There-
fore, it may be transferred to the fetus more than the other
metabolites reducing its concentration in the 3rd trimester
in our study (Wang and Kannan 2013; Song et al. 2020).

According to the heat maps in total infants and each sex
individually (Figs. 1, 2, and 3), a significant positive cor-
relation was observed between BP-3, BP-1, and 4-OH-BP
respectively. BP-1 and 4-OH-BP are phase-I metabolites of
BP-3 which have higher estrogenic activity than BP-3 itself.
They are hydroxylated benzophenones with 1 more extra
hydroxyl group in BP-1, so the main route of BP-3 derivati-
zation in phase-I reactions is hydroxylation (Suzuki et al.
2005). BP-8 showed a very numb correlation with other
metabolites; this metabolite also had the lowest concentra-
tion among other metabolites and this is probably due to its
shorter half-life compared to the other metabolites (Moos
et al. 2014). The correlation between BP-3 and its deriva-
tives may be related to the level of exposure to BP-3 and
the direct sources of derivatives (Aker et al. 2019; Li et al.

Table 4 Infants” weight

o . Infants Mean (g) Median (g) Percentiles SGA AGA LGA
characteristics and their
classification for gestational age 10 90 N p (%) N p (%) N p (%)
All 2961.68 3070 2315 3664 7 4.2 130 78.3 16 9.6
Boys 3086.11 3250 2565 3700 8 9 70 78.7 10 11.2
Girls 3016.59 3050 2463 3650 12 16.21 55 80.9 7 10.3

SGA small for gestational age, AGA appropriate for gestational age, LGA large for gestational age, N num-

ber, P percentage
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Table 5 Gestational age characteristics and classification of delivery
terms

Gestational age (weeks) Terms of delivery (weeks)

Mean ( SD) 38.71+1.71  Preterm (<37) N (14)
Minimum 32 p (8.4%)
Maximum 43 Term (37-42) N (149)
Percentiles 25 38 p (89.75%)
50 39 Post-term (>42) N (3)
75 40 p (1.8%)

2019). In our study, BP-3 was detected in a high concentra-
tion. However, in studies detecting a low concentration of
BP-3 and its metabolites, no correlation between them has
been reported. For example, in China, there was no associa-
tion between BP-3 and its metabolites due to low levels of
them, but in the US population, because of high consump-
tion of sunscreen and cosmetic products resulting in a higher
level of exposure to BP-3, a significant positive association
between BP-3 and its metabolites has been reported (Wang
and Kannan 2013).

Given the importance of gestational age on infants’
health, the relationship between EDCs and gestational age
has attracted the attention of scientists. In the present study,
BP-1 increased gestational age in all infants, but in a spe-
cific sex-dependent analysis, BP-3 and BP-1 decreased ges-
tational age in the mothers with female infants. No study
was found to evaluate the relationship of BP-1 and 4-OH-
BP with gestational age. However, in a study, exposure to
BP-1 was associated with decreasing birth length in males
and birth weight in female infants, but 4-OH-BP has not
affected these outcomes (Long et al. 2019). Although the
effects of BP-3 on gestational age have not been assessed
in many studies, some studies have reported different cor-
relation patterns (Aker et al. 2016, 2018, 2019). There was

a good agreement between the findings of our study and a
previous study that reported the effect of BP-3 on reduc-
ing gestational age (Tang et al. 2013). In that study, BP-3
reduced gestational age —0.45 weeks with a p value of 0.03
in all neonates and more specifically in male neonates. Con-
versely, in an American study, BP-3 resulted in increasing
gestational age in both genders (Aker et al. 2019). Although
the estrogenic activity of this metabolite and its binding to
estrogen receptors such as o and f, as well as its associa-
tion with inflammatory markers, may affect the duration of
pregnancy, any differences between the findings of various
studies can be attributed to the dose-dependent hormonal
effects of this metabolite. So the hormonal activity of BP-3
depends on its level of exposure and received doses (Krause
et al. 2012; Aung et al. 2019). Furthermore, it should be
noted that apart from exposure to EDCs, preterm birth can
be influenced by different factors such as infection, cervical
pathology, uterine overdistension, progesterone disorders,
vascular alterations, pregnancy stress, allergic phenomena,
and perhaps other several unknown factors (Di Renzo et al.
2018).

In this study, we investigated the newborns’ weight pat-
terns related to gestational age categorized as SGA (10th P),
AGA (10th-90th P), and LGA (90th P). Although in the total
infants and independently in boys and girls the majority of
infants were in the AGA group followed by the LGA group,
weight differences among LGA and SGA were noticeable.
This is probably because SGA is a more sensitive param-
eter and a clear indicator of gestational duration effect on
birth weight. Studies demonstrated that maternal exposure
to EDCs can increase the risk of SGA and LGA which have
adverse health effects for both mother and infant (Herdt-
Losavio et al. 2008; Messerlian et al. 2018). The results of
some cohort studies on pregnant women have shown that
high-frequency use of cosmetics increases the risk of SGA
up to 80%, but the association with LGA, preterm birth, and

Table 6 Classification of birth outcomes by gestational age at delivery in the total infants

Week Birth outcomes Mean SD 95% CI Median Min Max
Preterm <37 Weight (g) 2536.25 250.767 (2326.604-2745.896) 2640 2190 2840
Height (cm) 46.37 2.925 (43.930-48.820) 46.5 41 50
Head circumferences (cm) 32.62 0.443 (32.254-32.996) 32.75 32 33
Ponderal Index (g/cm?) 2.56 0.321 (2.293-2.831) 2.497 2.208 3.178
Term Weight (g) 3175.01 407.107 (3107.475-3242.553) 3170 1730 4100
37-42 Height (cm) 50.27 2.454 (49.864-50.678) 50 44 57
Head circumferences (cm) 34.35 3.205 (33.817-34.880) 349 31.6 38
Ponderal Index (g/cm?) 2.51 0.327 (2.453-2.561) 2.465 1.702 3.404
Post term Weight (g) 3000 919.239 - 3000 2350 3650
>42 Height (cm) 47.50 0.707 (41.147-53.853) 47.5 47 48
Head circumferences (cm) 35.50 0.707 (29.147-41.853) 35.5 35 36
Ponderal Index (g/cm3) 2.78 0.733 - 2.782 2.263 3.3
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low birth weight has not been reported (Halliday-Bell et al.
2009; Quach et al. 2015; Li et al. 2019). In contrast, occu-
pational exposure to these chemicals represented a very sig-
nificant association with preterm birth, and low birth weight
other than SGA (Herdt-Losavio et al. 2008; Kim et al. 2016).
The reason for this discrepancy may be due to the length
of occupational exposure, and the type and frequency of
cosmetics use. Also, in the current study, the newborn boys
with a median weight of 3250 g were heavier than girls with
a median weight of 3050 g. Previous studies represented
that exposure to BP derivatives during pregnancy resulted in
weight loss of newborn females and increased birth weight
of newborn males (Gomez et al. 2005; Tang et al. 2013;
Long et al. 2019).

Further investigation on the effects of gestational age
on birth outcomes showed that the mean weight and
length of infants born in less than 37 weeks of pregnancy
(preterm birth) were noticeably lower than those of
infants born between 37 and 42 weeks (term birth). Head
circumference of preterm infants was about 2 cm smaller
than that of term infants, which is an important factor
influencing infants’ health in the early and later stages
of life and increasing the risk of having an abnormal
fontanel diameter by 52% (Woldeyes et al. 2020).
Determination of international standards for newborn
weight, length, and head circumference according to
gestational age showed that the number of preterm
birth in Asian pregnant women was higher than that in
Europe. Also, the differences among preterm and term
newborns’ weight, length, and head circumference were
so remarkable. Interestingly, the study population was
selected from healthy mothers without above-standard
exposure to environmental pollutants (Villar et al. 2014).
Therefore, pregnant women and their infants in Iran, as
an Asian country, have a higher risk of preterm birth.
Besides this, exposure to higher levels of environmental
pollutants such as BPs increase the health risk of
mothers and infants. This requires limitation in the use
of BPs containing compounds by vulnerable people
and legislation of the uncontrolled application of these
compounds in the related manufacturing industry.

In general, very few studies have examined the pregnancy
exposure to benzophenone derivatives and their effects
on gestational age and birth outcomes. If any, the studies
have only focused on BP-3 and the other metabolites have
been neglected. Thus, we tried to monitor the four high
estrogenic activity derivatives of benzophenones and to
assess their correlation with gestational age. The results
of this study give basic data of exposure to these potential
carcinogen compounds and will be helpful in further health-
pollutant interaction studies and risk assessment.

@ Springer

Conclusion

This study investigated the level of maternal exposure to ben-
zophenones and their association with gestational age for the
first time in Iran. All the target compounds were detected in all
urine samples. BP-3 and BP-1 in 100% of the samples, 4-OH-
BP in 98% and 82%, and BP-8 in 95% and 89% of the samples
were identified in the 1st and 3rd trimester, respectively. BP-3
was the dominant metabolite in the 1st and 3rd trimesters of
pregnancy and showed a significant correlation with BP-1 and
4-OH-BP levels in both trimesters. BP-1 represented a sig-
nificant positive association with gestational age in all infants.
However, after stratification by infant sex, the concentrations
of BP-3 and BP-1 were associated with decreased gestational
age in girls which likely resulted in lower mean birth weight of
girls compared to boys. Although the classification of infants’
birth outcomes by gestational age displayed that the majority
of newborns had appropriate weight for gestational age, pre-
term birth infants had significantly lower weight, length, and
head circumferences than those born in normal terms. There-
fore, according to the results, BP derivatives can influence
healthy pregnancy and normal growth of the fetus. Given the
importance of harmful effects of BPs, notably in the suscep-
tible group, investigation of the wide range of BP derivatives
among the different populations should be considered. Also,
various sources of BP exposure and their contribution need
to be identified in the population. Furthermore, in countries
with excessive sources of environmental pollutions, synergist
effects of other pollutants alongside emerging environmental
pollutants such as BPs on humans should be investigated.
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