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Abstract

Purpose: Benzophenones are ubiquitous compounds widely used in various industrial and consumer products including
sunscreens, plastics, and personal care items. Their presence as emerging pollutants has raised concerns due to their poten-
tial adverse health effects, particularly as endocrine disrupting chemicals (EDCs). The aim of this study was to identify
exposure profiles to Benzophenones in pregnant women living in Algiers and to explore associations between urinary
levels of these compounds and disruptions of thyroid hormones levels during pregnancy.

Methods: This study was carried out on 384 pregnant women. After gathering necessary information using a question-
naire, blood and urine samples were collected. Thyroid hormones (TSH, FT3, and FT4) were measured by electrochemi-
luminescence while Benzophenones (BP-1, BP-2, and BP-3) were detected by LC-MS/MS.

Results: BP-1, BP-2, and BP-3 were detected in 91.9%, 56.5%, and 88.3% of the analyzed samples, respectively. Mean
concentrations were 2.250, 0.178, and 2.067 pg/g creatinine for BP-1, BP-2, and BP-3, respectively. Significant negative
associations were found between plasma levels of FT3 and urinary concentrations of both BP-1 (B = -0.101) and BP-3
(B = -0.110). Moreover, significant positive associations were recorded between urinary concentrations of both BP-1 and
BP-3 and the application of makeup.

Conclusion: In conclusion, exposure of pregnant women to Benzophenones may affect levels of thyroid hormones
resulting in possible adverse health effects on the mother and the development of the child. Therefore, preventive measures
limiting exposure to these EDCs are recommended.
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tests have identified a large number of environmental pol-
lutants with a high potential to disrupt the thyroid system
[5-7]. Since these chemicals represent a major health prob-
lem for humans in several countries, the world is witnessing
a growing awareness and interest in EDCs in recent years.
According to the World Health Organization (WHO), EDCs
are defined as “exogenous chemicals that can interfere with
any aspect of hormone action at any possible level of syn-
thesis, secretion, transport, metabolism, or elimination of
endogenous hormones” [8].

EDCs disrupt endocrine functions mainly by mimick-
ing natural hormones, such as thyroid hormones. Moreover,
they potentially have the ability to affect hormone metabo-
lism or modify their interactions with specific membranes
and/or intra-cellular receptors [9]. The ubiquitous presence
of EDCs in everyday life justifies the implementation of
health interventions aiming at minimizing their potential
impact. Recent evidence suggests that even moderate forms
of maternal thyroid dysfunction, particularly during the
early stage of gestation, can exert a lasting influence on the
cognitive development of the offspring and a susceptibility
to neurodevelopmental disorders. Moreover, these observed
alterations appear to exhibit significant postnatal perma-
nence [10, 11].

According to the Endocrine Society, there are nearly
85,000 human-made chemicals in the world, of which more
than 1,000 could be endocrine disruptors [12]. Among all
existing EDCs, Benzophenones represent a subject of inter-
est due to their high use as UV-filters in skincare products.
This property makes these chemicals a valuable ingredi-
ent where UV protection is crucial for maintaining product
integrity and durability [13, 14]. In addition, Benzophenones
are commonly used as flavoring food additives and photo-
initiators [15, 16]. However, Benzophenones also exhibit a
range of deleterious effects on human health and the envi-
ronment, stemming from its widespread use in products.
These compounds have been linked to significant concerns
such as endocrine disruption, potentially causing hormonal
imbalances and reproductive issues [17, 18]. Accumulating
evidence indicates that certain Benzophenones may possess
neurotoxic properties [19, 20].

Considering the importance of the studied population
and the substantial impact highlighted by previous research
in this area, we were motivated to pursue this investiga-
tion [14, 21]. Earlier studies emphasized critical gaps in the
understanding of the mechanism of action of Benzophe-
nones, which prompted us to further investigate this topic.
Our study explores the exposure profiles to Benzophenones
in pregnant women living in Algiers, Algeria as well as the
link between the degree of exposure to these chemicals and
the endogenous levels of thyroid hormones in the study
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population. Additionally, potential sources of exposure to
Benzophenones were evaluated.

Materials and methods
Type of study

The present epidemiological, descriptive, multicentric,
analytical, and transversal study aimed at evaluating the
exposure profiles to Benzophenones and investigating the
association between urine concentrations of these com-
pounds and plasma levels of thyroid hormones in preg-
nant women. The study was conducted over the period of
2022-2024.

Study population and sample collection

The studied population consisted of pregnant women who
were seeking consultation at gynecology departments of the
public hospital institution of Kouba and university hospi-
tal centers of Parnet and Beni-Messous, as well as pregnant
women receiving prenatal care at the maternal polyclinic
of Douera, Algiers, Algeria. They were recruited based on
inclusion and exclusion criteria (see supplementary mate-
rial 1). Overall, women with known endocrine diseases or
taking medications that interfere with the endocrine system
were excluded from the study. A total of 384 women were
included in the study and categorized according to the stage
of their pregnancy (1, 2", or 3™ trimester) and place of
residence (South, North, West, or East) using an electronic
map (see supplementary material 2). Venous blood samples
were collected using heparinized tubes for hormonal assess-
ment. The samples were transported at 4°C and centrifuged
at 8000xg for 10 min. Plasma samples were then collected
in tubes. Urine samples for Benzophenone analysis were
collected in the morning in glass flasks. A volume of 1.5 mL
was transferred to microtubes for creatinine measurement.
All samples were stored at —20°C until analysis.

Questionnaire

After obtaining consents written in two languages (French
and Arabic), data relating to each woman were collected in a
questionnaire designed based on epidemiological guidelines
and encompassing all necessary information for this study
(see supplementary material 3). The questionnaire consisted
of six main sections:

e The first section captured the participant’s personal in-
formation including name, first name, and phone num-
ber in order to gather their feedback after delivery as
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well as age, weight, height, and place of residence ac-
cording to a pre-established geographical map.

e The second section focused on collecting medical
records.

e The third section addressed potential sources of expo-
sure to EDCs, including occupational, dietary, house-
hold, cosmetic, and environmental sources.

e C(Clinical information regarding the participant’s gyne-
cological and obstetric records, as well as information
about their current pregnancy, were gathered.

e Another section was dedicated to collecting information
about the newborn, including gender, birth weight, ges-
tational age at birth, mode of delivery, and any potential
complications or organ anomalies.

e The last section consisted of questions regarding the
knowledge of pregnant women of EDCs.

Reagents

For the measurement of thyroid hormones, the following
reagents were used: Elecsys TSH, Elecsys FT4, and Elec-
sys FT3. For the measurement of urinary creatinine, sodium
hydroxide and picric acid were used.

The measurement of Benzophenones required the fol-
lowing reagents: B-glucuronidase, methanol, acetonitrile,
distilled water, and a mixture of Benzophenones (2,4-dihy-
droxybenzophenone: BP-1; 2,2°,4,4’-tetrahydroxybenzo-
phenone: BP-2; and 2-hydroxy-4-methoxybenzophenone:
BP-3). Analytical standards from LGC standards were used
for the measurement of Benzophenones. B-glucuronidase
enzyme, methanol, and acetonitrile were from
Sigma-Aldrich.

Assays
Measurement of urinary creatinine concentrations

Since Benzophenones are excreted through urine, it is
important taking the variable degree of urine dilution into
account and normalize the concentrations of Benzophe-
nones based on creatinine excretion (ug/g creatinine). The
creatinine assay was performed on a Diascan analyzer using
the Jaffe method in an alkaline medium.

Measurement of thyroid hormones

Assessment of hormones was performed on blood samples
collected in heparinized tubes. These tubes were system-
atically centrifuged at 8000xg for 10 min and supernatants
were separated and frozen at —20°C. After thawing, thyroid
hormones were measured using a COBAS®e411 analyzer
employing an electrochemiluminescence immunoassay

(ECLIA) technique. Measured hormones included TSH,
FT3, and FT4.

Measurement of Benzophenones

Sample Preparation The total concentration of Ben-
zophenones was determined after hydrolysis with a
B-glucuronidase enzymatic solution. First, the samples were
thawed and homogenized. Then, 1.0 mL was transferred into
a 15.0 mL conical glass tube and 100 puL of an enzymatic
solution (1.0 mol/L ammonium acetate solution contain-
ing 2000 units/mL of -glucuronidase) were added. Subse-
quently, the samples were incubated for 24 h at 37°C. After
this procedure, samples were three times extracted with 2.0
mL of methanol/acetonitrile (MeOH/ACN, 1:1, v/v) by agi-
tating for 30 s and centrifuged for 8 min at 8000xg at 4°C.
The extracts were collected in a glass tube, evaporated using
a dry nitrogen flow system, and finally reconstituted to 0.5
mL with the MeOH/ACN mixture (1:1, v/v). After centrifu-
gation for 10 min at 8000xg, the extract was injected into
the LC-MS/MS system.

LC-MS/MS analysis A triple quadrupole mass spectrometer
(Shimadzu 8000 series) operating in multiple reaction mon-
itoring mode (MRM) was used for the analysis of the tar-
get compounds (BP-1, BP-2, and BP-3). The mobile phase
consisted of the following solutions: solution A was com-
posed of water as the solvent, and solution B was composed
of methanol. A gradient program was used with a total run
time of 12 min: from 0.00 to 5.50 min, (35-98%) B; from
5.51 to 9.80 min, (98%) B was maintained; from 9.81 to
10.50 min, a gradient to (35%) B was applied; from 10.51 to
12.00 min, (35%) B was maintained once again. The sepa-
ration of Benzophenones was performed on a C18 column
(100 mm, 2.1 mm i.d., 2.7 um particle size, Restek) at room
temperature (23°C). The flow rate of the mobile phase was
set at 500 pL/min and the injection volume used was 10 pL.
By relying on a LC-MS/MS technique, the limits of detec-
tion for BP-1 and BP-2 were not far from one another with
values of 0.05 and 0.04 ng/mL, respectively. In contrast,
BP-3 required a higher limit of detection (LOD) reaching
0.09 ng/mL. Similarly, the limit of quantification (LOQ) of
BP-1 (0.16 ng/mL) was nearly equal to that of BP-2 (0.15
ng/mL). However, in order to be able to quantify the con-
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centrations of BP-3, the limit set by the system was doubled
(0.3 ng/mL).

Data entry and statistical analysis

Data were integrated using Microsoft Office Access version
2013 and figures were generated using Microsoft Office
Excel version 2013. Results were presented as percentages,
means + standard deviations, geometric means, and medians
for comparison purposes. Benzophenone concentrations
below the LOD were assigned a value equal to the LOD
divided by two. Similarly, thyroid hormones concentrations
below the LOD were also imputed as the LOD divided by
two.

Statistical analyses were conducted to investigate poten-
tial associations between urinary Benzophenone concentra-
tions and plasma levels of thyroid hormones using multiple
linear regression models adjusted for four confounding fac-
tors: gestational age, maternal age, body mass index (BMI),
and parity. These confounding factors make it possible to
reduce or even remove the following effects: age-related
hormonal physiology, changes in sex-hormone levels due
to obesity as well as impacts on concentrations of thyroid
hormones due to neonate order.

The creatinine-adjusted concentrations of urinary BP-1,
BP-2, and BP-3 as well as TSH levels were natural log
transformed (In) to produce more normal distributions.

Potential associations between urinary concentrations
of Benzophenones and the participants’ questionnaire
responses were examined using Mann-Whitney U test for
variables with two categories and Kruskal-Wallis test for
variables with more than two categories.

All statistical analyses were performed using SPSS®
STATISTICS software 25. A p-value less than 0.05 (*) was
considered significant.

Results
Description of the population

Descriptive information on pregnant women who agreed
to participate in this study is presented in Table 1. The
participants had an average age of 29.3+5.9 years and a
mean BMI of 26.7+5.9 kg/m? The study surveyed preg-
nant women residing in Algiers and revealed a distribution
across different regions and residential areas: 31.5% lived in
the North, 23.2% in the South, 25% in the West, and 20.3%
in the East. Most of the population is concentrated in urban
areas (71.4%), while 28.6% of the women reside in rural
areas.
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Only a small percentage of the pregnant women was work-
ing (22.9%), while the others were housewives (77.1%).
Among women who were working (n=88), 27.3% were in
the medical field and 21.5% in education. The other half of
pregnant women (56.72%) were holding diverse jobs. Our
investigation showed that 12.5% of women were engaged in
their job for less than a year, 30.7% for 1-3 years, 28.4% for
3-5 years, and 28.4% for more than 5 years. The number of
work hours for pregnant employees split between part-time
(44.3%) and full-time (55.7%).

The medical records reveal that only 20.9% of the pop-
ulation suffer from diseases, most of whom from anemia
(9.4%), followed by hypertension (3.4%). Approximately,
one third of the participants was taking medicines (35.9%).
Among them, half (50.0%) took iron supplements. Another
common medicine was folic acid, which was taken by
16.7% of the participants.

The majority of pregnant women (82.6%) was able
to conceive with ease and had regular menstrual cycles
(83.6%). Nonetheless, a small number of women who were
having difficulties getting pregnant tried to boost the fer-
tility with the use of dietary supplements (5.7%) or stimu-
lated ovulation (5.2%). Only 1.8% of the participants opted
for assisted reproduction (ART). The most widely used
method for contraception by the investigated population
was oral contraception (32.0%), followed by the calendar
method with 17.3%, and condoms with 12.5%. Less part-
ners resorted to intrauterine devices (IUDs) (0.8%) or coitus
interruptus (1.3%).

Regarding parity history of the surveyed women, 36.7%
had no previous pregnancies (nulliparous), 24% had one
child (primiparous), and 39.3% had more than one child
(multiparous). A small portion (10.9%) experienced pre-
mature deliveries or had incidents of stillbirth (4.2%). It is
as noteworthy that few participants suffered a miscarriage
and gestational diabetes (15.4% and 7.3%, respectively).
Most of the offspring (81.5%) of women who had previous
children was objectively healthy, while the others (18.5%)
had chronic illnesses. Among those children with illnesses,
60.4% had allergies, 9.3% had mental delays, 7.0% cardi-
opathy, and 23.3% reported other pathological conditions.

Concerning the current pregnancy, the mean gestational
age of the population was estimated at 24.3+9.6 weeks. At
time of conducting the survey, nearly half of the women
(55.5%) were already at their third trimester of pregnancy,
the other half were in the first and second trimester (17.7%
and 26.8%, respectively). Most of the participants (70.6%)
had non-complicated gestation. The rest of the women
(29.4%) experienced complications ranging from hyperten-
sion (20.5%), threat of preterm labor (15.1%), pre-eclamp-
sia (8.9%), to other complications (55.5%).
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Table 1 General characteristics of the population

Mothers (n=384)
Age (years)
BMI

Residential region (Algiers)

North

South

West

East

Residential area
Rural

Urban
Employment
Employed

Unemployed
Pathological history
None

Anemia
Hypertension

Other

No response
Medication

Yes

No

Menstrual cycle
Regular
Irregular

Conception difficulties

Yes

No

Assisted conception
Dietary supplements
Ovulation stimulation
ART

None

Contraceptive method
IUD

Calendar method
Contraceptive pill
Condoms

Coitus interruptus
None

Previous pregnancies

29.283 +/- 5.891
26.753 +/- 5.891

31.5%

23.2%

25.0%

20.3%

28.6%

71.4%

22.9% Profession

(n=88) In the medical field
Teacher
Administrator
Other
Exercise duration
Less than a year
1-3 years
3-5 years
More than 5 years
Number of work hours
4h
8h

77.1%

79.2%

9.4%

3.4%

7.3%

0.7%

35.9% Iron

(n=138) Folic acid
Other

64.1%

83.6%

16.4%

17.4%

82.6%

5.7%

5.2%

1.8%

89.4%

0.8%

17.3%

32.0%

12.5%

1.3%

46.9%

27.3%
21.5%
7.9%

43.3%

12.5%
30.7%
28.4%
28.4%

44.3%
55.7%

50.0%
16.7%
58.7%
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Table 1 (continued)

Parity
Nulliparous 36.7%
Primiparous 24.0%
Multiparous 39.3%
History of premature delivery
Yes 10.9%
No 89.1%
History of stillbirth
Yes 4.2%
No 95.8%
History of miscarriage
Yes 15.4%
No 84.6%
History of gestational diabetes
Yes 7.3%
No 92.7%
Medical history of the kids (n=243)
Illness 18.5% Allergies 60.4%
(n=45) Mental delay 9.3%
Cardiopathy 7.0%
Other 23.3%
No illness 81.5%
Currant pregnancy
Complications
Yes 29.4% Hypertension 20.5%
(n=113) Threat of preterm labor 15.1%
Pre-eclampsia 8.9%
Other 55.5%
No 70.6%
Abnormalities detected by echography
Yes 4.2% Cardiac 31.2%
(n=16) Cerebral 12.5%
Growth delay 18.7%
Other 43.7%
No 95.8%
Scheduled cesarean section by obstetrician
Yes 23.2%
No 76.8%
Gestational age (weeks) 24.330 +/- 9.637
15 trimester [0-12] 17.7%
2" trimester [13-24] 26.8%
3" trimester [25— delivery] 55.5%

Some abnormalities were detected by ultrasound exami-
nation in no more than 4.2% of total pregnancies. Among the
abnormalities were cardiac (31.2%), growth delay (18.7%),
or cerebral defects (12.5%) as major findings. Three quar-
ters (76.8%) of the studied population were scheduled giv-
ing birth naturally and about a quarter (23.2%) by cesarean
section.

The levels of thyroid hormones across various trimes-
ters of pregnancy were examined in 384 pregnant women
as shown in Table 2. The findings reveal a gradual decline
in TSH levels throughout pregnancy. Notably, the third
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trimester displays the lowest average TSH level compared
to earlier trimesters. Standard deviation values suggest vari-
ability in TSH levels within each trimester. Similarly, FT3
levels exhibit a decreasing trend as pregnancy progresses,
evident from declining mean values across trimesters. FT4
levels also demonstrate a slight decrease from the first to the
third trimester, with the lowest mean observed in the final
trimester. For both median and geometric mean, TSH levels
decrease slightly from the first to the second trimester, and
then remain relatively stable into the third trimester. FT3
and FT4 levels also show a gradual decrease throughout
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Table 2 Mean levels and standard deviations of thyroid hormones dur-
ing pregnancy (n=384)

Thyroid Mean+Stan-  Median Geometric Min
hormones dard Deviation mean + Stan- - Max
dard Deviation

TSH (ulU/mL)

1% trimester 2.097+0.889  1.830 1.912+0.889  0.153-
4.590

2" trimester 1.895+0.787  1.760 1.749+0.787  0.505-
4.640

3" trimester 1.895+0.787  1.690 1.753+0.830  0,570-
4.490

73 (ng/L)

1% trimester 4.645+0.763  4.690 4.581+0.763  2.360-
7.530

2" trimester 4.355+0.695  4.420 4.293+£0.695  1.760—
6.590

3" trimester 3.708+0.713  3.784 3.633+0.713  1.390-
6.190

T4 (ng/L)

1" trimester 15.604+1.531 15.630 15.522+1.531 8.130-
19.880

2™ trimester 14.931+£1.972 15.140 14.720£1.972 1.933-
21.740

3" trimester 13.156+1.522 13.280 13.064+1.522 8.130—
18.660

Table 3 General characteristics of newborns
Newborns (n=166)

Pregnancy duration (n=144)

Term of delivery (n=146)

38.104+2.442 (weeks)

Early term 27.2%
Full term 70.1%
Late term 2.7%
Weight at birth (n=146) 3.020+0.572 (kg)
Low birth weight (<2.49 kg) 13.2%
Normal birth weight (2.50-4.30 kg) 84.7%
High birth weight (>4.31 kg) 2.1%
Sex of newborn (n=166)

Male 53.6%
Female 46.4%
Type of delivery (n=146)

Vaginal delivery 56.8%
Cesarean section 43.2%
Complication during delivery (n=145)
Hemorrhage 3.4%
Hypertension 2.8%
Uterine rupture 2.1%
Other 6.9%
None 84.8%
No responses 3.4%
Organic abnormality (n=146)

Cardiac 2.8%
Respiratory difficulties 1.3%
Stillborn 0.7%
None 95.2%

pregnancy. These findings offer insight into average TSH,
FT3, and FT4 levels across pregnancy trimesters, though
individual variations should be considered.

Information on newborns was investigated in 166 cases
(Table 3). The pregnancy duration for the reported cases
averaged at 38.1+£2.4 weeks with a significant proportion
of full-term births (70.1%), while preterm births accounted
for 27.2% of the cases and late term deliveries were rep-
resented by only a small fraction (2.7%). Normal, vaginal
delivery took place in 56.8% of the women, while a cesar-
ean section was performed in 43.2% of cases. The major-
ity (84.8%) of the deliveries were without complications. If
there were complications, hemorrhage was reported in 3.4%
of the deliveries, hypertension in 2.8%, and uterine rupture
occurred only in 2.1% of cases.

The average birth weight was 3.0+ 0.6 kg with the major-
ity (84.7%) falling into an interval of normal birth weight
(2.50-4.30 kg). While low birth weight (<2.50 kg) was
recorded in 13.2% of the cases, 2.1% of the newborns had a
high birth weight (>4.30 kg). Male offspring was reported
in 53.6% of the cases while 46.4% were female.

While most newborns (95.2%) did not exhibit any organic
abnormalities, cardiac issues and respiratory difficulties
were observed in 2.8% and 1.3% of the cases, respectively.
In one case, a stillbirth happened due to multiple malforma-
tions in lungs, liver, and kidneys. Individually, the cases of
organic abnormalities were investigated in tandem with the
urinary levels of Benzophenones for their respective moth-
ers during pregnancy. An infant born with a cardiac malfor-
mation was the offspring of a woman who scored moderate
levels of urinary BP-1 during gestation. Another pregnant
woman who had high urinary levels of BP-2 in urine, gave
birth to a newborn with a cerebral abnormality.

Exposure profiles of pregnant women to
benzophenones

The concentrations of three detected Benzophenones in
urine samples, along with their statistical characteristics are
illustrated in Table 4. BP-1 shows the highest detection rate
(91.9%), followed by BP-3 and BP-2 (88.3% and 56.5%,
respectively).

The median values for BP-1, BP-2, and BP-3 were
2.250 pg/g of creatinine, 0.178 ug/g of creatinine, and
2.067 pg/g of creatinine, respectively. The geometric mean
concentrations show that BP-1 has the highest average level,
followed by BP-3, and then BP-2 with the lowest average
concentration. The high standard deviations indicate sig-
nificant data dispersion around the mean value. The results
indicate that BP-1 has the widest span of concentrations,
ranging from very low to relatively high levels. BP-3 also
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Table 4 Profiles of benzophenone exposure in women living in Algiers

Urinary benzophenones Detection Median

Average+standard deviation Geometric mean Min - Max
percentage (ug/g creatinine) (pg/g creatinine)

LOD LOQ
(ng/g creatinine) (ng/g creatinine) (ng/mL) (ng/mL)

(%)
BP-1 91.9 2.250 4.573£7.799 1.813 0.014-69.929 0.05 0.16
BP-2 56.5 0.178 2.196+5.420 0.261 0.006—41.644 0.04 0.15
BP-3 88.3 2.067 4.305+7.137 1.684 0.025-65.167 0.09 0.3

Table 5. Associations between urinary concentrations of Benzophenones and plasma thyroid hormones

N=384 In(TSH) FT3 FT4
B P B P B P
(CI) (CI) (CI)

In(BP-1) ~0.001 0.950 —0.101 <0.001 -0.095 0.097
(~0.030-0.028) (~0.147 to —0.056) (~0.208-0.017)

In(BP-2) ~0.014 0.188 0.001 0.966 -0.018 0.664
(~0.035-0.007) (~0.033-0.035) (~0.101-0.064)

In(BP-3) 0.002 0.901 —0.110 <0.001 ~0.063 0.280
(—0.027-0.031) (~0.156 to —0.065) (-0.176-0.051)

Urinary concentrations of Benzophenones were adjusted based on urinary creatinine levels (ng/g creatinine). Multiple linear regression models
were used for each studied Benzophenone. These models were adjusted for gestational age at the time of sampling, maternal age, BMI, and
parity. Confidence intervals (CI) were also calculated. Bold values: significance lower than 0.05

shows a wide range, while BP-2 has the narrowest range of
concentrations.

Associations between urinary concentrations of
Benzophenones and plasma thyroid hormones

Table 5. and Fig. 1 illustrate the associations between uri-
nary Benzophenones concentrations and the plasma concen-
trations of thyroid hormones.

No notable association between urinary BP-1 and plasma
TSH or FT4 levels were found. However, a significant neg-
ative correlation was found between urinary BP-1 levels
and FT3 levels (p<0.001) with a moderate effect size (p =
—0.101). No significant associations were observed between
urinary concentrations of BP-2 on one hand, and plasma
levels of TSH, FT3, and FT4 on the other hand. For urinary
BP-3 concentrations, a significant negative correlation was
identified between urinary concentrations of BP-3 and FT3
plasma levels (p<0.001) with a moderate effect size ( =
—0.110) and a highly significant p-value. However, no sig-
nificant association was observed with TSH and FT4 levels.

Hormone levels were also compared depending on
whether they were lower or higher than the median values
of Benzophenones. The statistical analysis of the three hor-
mones, TSH, FT3, and FT4, showed significant differences
regarding FT3 with lower levels for women having higher
concentrations than BP-1 and BP-3 medians (Table 6).

Sources of exposure

For various food and domestic sources of Benzophenones, no
association with urinary concentrations of Benzophenones
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were found. However, significantly higher urinary con-
centrations of BP-1 and BP-3 were found in women using
makeup products (Fig. 2).

Individually, working women with higher levels of Ben-
zophenones were investigated. A veterinary and a nail tech-
nician both scored low to moderate levels of urinary BP-1
in tandem with the usage of protective wear (blouse/overall,
disposable face masks and gloves). Conversely, a laboratory
assistant had very high levels of both BP-1 and BP-3. She
often dealt with solvents but only used gloves as a protec-
tive measure.

When it comes to multiple regression analysis, the expo-
sure to professional sources did not associate with any sig-
nificant changes in the urinary concentrations of the three
analyzed Benzophenone molecules for the employed preg-
nant women.

Finally, the values of urinary concentrations of the three
Benzophenones did not imply any significant association
with the investigated environmental sources of exposure.

Awareness regarding EDCs among the Algerian
population of pregnant women

Lastly, the survey included questions regarding the back-
ground knowledge of participants on EDCs. Albeit not suf-
ficient, an encouraging 19.8% of the women were familiar
with the term “endocrine disruptors”. Of the latter group,
their awareness can be traced back to different sources.
More than half of which (59.7%) originated from media out-
lets. The rest received information on the internet (31.1%),
university education (20.7%), or from a professional back-
ground (5.1%). Two women heard about EDCs from their
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justed model)

Table 6 Plasma levels of thyroid hormones based on benzophenone median thresholds

N=384 <BP-1median > BP-1median p <BP-2 median > BP-2 median p <BP-3 median > BP-3 median p

TSH 1.964+0.860 1.939+1.012 0.798  2.034£1.072 1.869+0.776 0.083 1.935+0.839 1.968+1.028 0.731
FT3 4.327£0.765  4.033+0.842 <0.001 4.153+0.730  4.206+0.896 0.525 4.339+£0.795  4.019+0.809  <0.001
FT4 14.589+1.885 14.248+2.073  0.093 14.395+1.882 14.442+2.088 0.819 14.566+1.865 14.271+2.094 0.146
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social circle of family and friends, while only one individual
learned about them from an awareness campaign.

Out of the total participants, only 16.9% were aware of
the potential dangers of EDCs on health, and some of them
(10.9%) would consciously take preventive measures to
avoid them. The material that pregnant women were wariest
of was plastic, as a percentage of 6.7% reported that they
usually avoid using it as kitchenware. Chemical products in
general were actively avoided by 1.8% of the participants.
Particularly, cosmetics or products containing parabens
were avoided by a percentage of 1.1% each.

Discussion

During the last decades, there was an average production
of thousands of new chemical compounds per year, most
of them being harmful or environmentally toxic. Many of
these compounds have shown reproductive toxicity [22].
Some of them, including bisphenol A, triclosan, phthalates,
and polyfluoroalkyl substances, may cause direct damage to
thyroid cells, inflicting higher risk of malignancy [23-26].

The current study investigates the levels of Benzophe-
none exposure among pregnant women in Algiers and the
association of these compounds with thyroid disruption.
Our findings unveiled that a substantial portion of partici-
pants had detectable Benzophenone levels in their urine
samples, indicating widespread exposure among this pop-
ulation. Comparing the findings from Algiers with those
reported in other regions of the world reveals similarities
and differences in exposure levels. Our study detected
BP-1 in urine at a rate of 91.9% with a median concentra-
tion of 1.430 pg/l, BP-2 at a rate of 56.5% with a median
concentration of 0.075 pg/l, and BP-3 at a rate of 88.3%
with a median concentration of 1.420 pg/l. Similarly to the
results stated above, a study on Tunisian women in 2016
reported a detection rate of 91.2% for BP-1 with a slightly
higher median concentration of 1.82 pg/l [27]. Conversely,
a cohort study conducted on women in Denmark (2018)
reported a moderate detection rate of 65% for BP-1 [28].
Moreover, Kunisue et al. reported in 2010 a weak detec-
tion rate of 42.9% in a general USA population [29]. On the
other extreme, a study by Kang et al. conducted in Korea
on healthy women in 2019, exhibited a substantially higher
detection rate of 98.4%, with a median concentration of
1.3 pg/l [30]. The differences in detection rates of BP-1
across studies can be attributed to various factors including
differences in population demographics and lifestyle habits,
as well as regional differences in environmental regulations
and industrial practices.

For BP-2, despite the extensive investigations, a lack
of studies examining urinary detection of BP-2 during
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pregnancy is evident. The closest of detection rates of BP-2
compared to ours were reported from a general Chinese
population (2013) at 77%, whereas the median concentra-
tion of 0.885 pg/l was nearly 10 times higher than that found
in this study [31]. In contrast, a general USA population
exhibited the lowest detection rate of 29%, with a median
concentration of 0.141 ug/l [31].

For BP-3, Guo et al. (2020) reported a detection rate of
100% in urine samples of pregnant women living in Shey-
ang, China [32]. Additionally, Berger et al. (2018) reported
a higher detection rate compared to our findings in pregnant
women urine samples (99.6%) living in Salinas, California
[33]. Similarly, Aker et al. (2018) observed a higher detec-
tion rate in urine samples of pregnant women (99.9%) in
Boston, further emphasizing regional differences in Benzo-
phenone exposure [34]. Conversely, Tang et al. (2013) from
Nanjing Medical University of China reported a relatively
lower detection rate (61.6%) in pregnant women’s urine
samples indicating potential variations in exposure levels
across different populations [35]. Our findings, however,
closely align with a Danish report (2018) indicating a detec-
tion rate of 92% in urine samples from pregnant women
[28]. Philippat et al. (2011) reported a different detection
rate of 80.5% in French pregnant women urinary samples
but a comparable median concentration of 1.3 pg/l [36].

Thyroid hormone levels were assessed in the present
study with results showing median concentrations of TSH
of 1.830 plU/mL. Derakhshan et al. investigated pregnant
women between September 2007 and March 2010 and
reported TSH levels of 1.30 mIU/L, which are lower com-
pared to our findings [37]. In our study, the geometric mean
concentrations of thyroid hormones were 1.912 mIU/L for
TSH, which are notably higher than those reported by Huang
et al. on pregnant women in China between June 2015 and
May 2018 with a geometric mean of 0.848 mIU/L [38].

In this study, regression analysis revealed significant
association between Benzophenone exposure and changes
in thyroid hormone concentrations. Indeed, we identified a
significant and negative association between urinary con-
centrations of BP-1 and BP-3 on the one hand, and plasma
levels of FT3 on the other hand. These results suggest poten-
tial effects of BP-1 and BP-3 on thyroid function. In a study
conducted by Kim et al. (2017) in the USA, BP-3 was identi-
fied as a significant determinant in disrupting serum thyroid
hormones in a female population. A positive association was
observed with TSH levels and a negative association was
detected with total and free FT4 levels [39]. Additionally,
Aker et al. (2018) reported a decrease in FT3 levels in rela-
tion to an increase in the BP-3 concentration [34]. Studies
on BP-1 and BP-2 across different species revealed a con-
cerning pattern of functional thyroid disruption following
exposure to these chemicals. In zebrafish exposed to BP-1,
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a significant decrease in FT3 and FT4 levels was reported,
indicating a potential impairment of thyroid function [40].

Similarly, in Xenopus laevis exposed to BP-2, hypertro-
phy and hyperplasia of thyroid follicular cells were observed
[41]. Furthermore, in rats exposed to BP-2 by dermal route,
an increased activity of the hypothalamic—pituitary—thyroid
(HPT) axis was noted [42]. The consistency of our findings
with these studies suggests that Benzophenones, particu-
larly BP-1 and BP-3, have the potential to disrupt thyroid
function, highlighting the need for further investigation
into their effects on thyroid health and overall endocrine
disruption.

The impact of Benzophenones on the HPT axis is an
area of ongoing research. While the exact mechanisms are
still being investigated, several potential pathways have
been proposed. Exposure to Benzophenones could dis-
rupt thyroid function by perturbing the intricate HPT axis,
causing shifts in the regulation and metabolism of thyroid
hormones. These disruptions are mediated through vari-
ous mechanisms, including the downregulation of genes
crucial for hormone metabolism and the central regulation
of the thyroid system [40]. Among Benzophenone deriva-
tives, BP-2 has been identified as a thyroid disruptor [40,
43]. While others such as BP-1 and BP-3 have also been
implicated in reducing circulating levels of T3 and T4 [44,
45]. The dysregulation of genes involved in thyroid hor-
mone metabolism, such as diol and ugtlab, as well as key
regulatory genes like Trhr, Tshf, and Trf, contributes to this
decrease and subsequently lower thyroid hormone levels
[44]. Such intricate interplays underscore the significant
impact of Benzophenones on thyroid function and highlight
the need for comprehensive understanding and monitoring
of these disruptions. BP-2 has the potential to disrupt the
equilibrium of the HPT axis by inhibiting or deactivating
thyroid peroxidase (TPO), resulting in a decline in thyroid
hormone levels [45]. Recent research has also demonstrated
the downregulation of the TPO gene following exposure to
BP-1, BP-3, and BP-8, further emphasizing the disruptive
effects of these compounds on thyroid function [40].

In this study, we collected self-reported lifestyle data in
five main categories of exposure sources to Benzophenones
with the aim of investigating the type of products or life-
style choices that may represent a significant source of Ben-
zophenone exposure in pregnant women living in Algiers.
The first category was domestic sources. In this category,
we could not identify any association with the chemicals.
A study conducted on 1003 pregnant women in Puerto
Rico (2010-2016) reported similar results [46]. The two
questionnaires (from this study and Puerto Rico’s study)
included three mutual products: laundry detergent, general
purpose cleaner/floor cleaner, and fabric softener.

Besides, the data analysis of cosmetics in the present
study revealed a positive association between the urinary
concentrations of both BP-1 and BP-3 with the application
of makeup products. Yet, the study in Puerto Rico reported
similar findings with geometric mean concentrations 2—3-
folds higher in women reporting recent use of colored
cosmetics [46]. In our study, urinary concentrations of Ben-
zophenones were not associated with the tendency to read
the ingredient list of different cosmetic products. Neverthe-
less, this point is contrasted by a report on a general Ameri-
can population (2020) concluding that the self-reported
reading of ingredient labels in an effort to avoid harmful
chemicals was most effective for limiting BP-3 exposure,
amongst other components [47].

Lastly, it is noteworthy to mention that sunscreen use,
as reported in this study, was not associated with changes
in Benzophenone levels. This is in contrast to the incrimi-
nated reputation as supported by previous studies from dif-
ferent countries, ranging from a cohort of pregnant women
in Puerto Rico (2013) (with a follow-up in 2018), to a
general population in the USA (2020), and Korean adults
(2016) [46—49]. A possible explanation would be through
the assumption that a good number of sunscreen brands
used by the studied populations contain active agents that
are mineral-based rather than chemical-based.

In our study, no association was found between urinary
levels of Benzophenones and consumption of food goods.
However, a study called “The Healthy Start Study” was
achieved on a cohort of pregnant women in Colorado in
2018 and the results on food sources revealed an associa-
tion between BP-3 with the consumption of seafood at a rate
higher than five times per month, causing 62% higher levels
of BP-3 [50].

Our study does not indicate any significant link between
professional work and endogen concentrations of Benzo-
phenones. However, a significant association was claimed
in the “Healthy Start Study” [50]. Further research is neces-
sary to clarify whether professional exposure to Benzophe-
nones with the relevant personal protective equipment has
detrimental effects. Lastly, our data on the possible environ-
mental sources of exposure were unproductive in seizing a
significant connection. To the best of our knowledge, it is
not a category of sources investigated in other papers. Since
this has not been investigated yet, there is an urgent need
for the investigation of environmental exposure of pregnant
women to these chemicals.
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