Current Science International Volume : 08| Issue : 01| Jan.- Mar. 2019
ISSN: 2077-4435 Pages: 109-118 “

Assessment of Urinary Bisphenol A Levels in a Sample of Obese and Non-Obese
Egyptian Children

Mai M. Youssef!, Ebtissam M. Salah El-Din', Mones M. Abu Shady', Jihan Hussein?,
Iman A. El-Ashmawy!, Iman H. Kamel', Rania N. Sabry!, Fatma Alzaree!, Dina A.
Salah! and Ehsan A. Badawy?

'Child Health Department, ’Medical Biochemistry Department, Medical Division, 33 El Buhouth St.,
(Former El-Tahrir St.) 12622, Dokki, Giza, Egypt.

Received: 24 Jan. 2019 / Accepted 25 Feb. 2019 / Publication date: 05 Mar. 2019

ABSTRACT

Background: Bisphenol A (BPA) is used extensively worldwide in the manufacture of plastic
polymers. The environmental obesogenic hypothesis suggests that early life exposure to BPA may
increase the risk for weight gain later in childhood. Objective: To investigate the relationship between
urinary BPA concentrations and obesity indicators in a sample of obese and non-obese Egyptian
children and adolescents. Methods: Total urinary BPA and urinary creatinine concentrations were
estimated in a random sample of 166 Egyptian children and adolescents of both sexes and different
social levels. Their age ranged from 6-16 years. Measurement of anthropometric parameters was
performed and children were classified according to body-mass index z-score into two groups; obese
and non-obese. Results: Bisphenol A was detected in all urine samples of children and adolescents
with a GM 0.67ng/ml. About 77% of children had very low concentration of urinary BPA below
1.3ng/ml. No significant difference in concentrations of unadjusted urinary BPA between obese and
non-obese children. The log transformed urinary BPA and the adjusted log transformed urinary BPA
for urinary creatinine showed significant higher levels in non-obese children and adolescents. No
correlation between obesity indices (such as BMI-z score, waist and hip circumferences) and urinary
BPA could be detected. Conclusion: Egyptian children in this study were extensively exposed to BPA
with wide range of variability. The association between urinary BPA concentrations and indicators of
obesity could not be confirmed. Future large prospective studies with multiple measurements of BPA,
detailed measures of nutrient intake and energy expenditure are greatly recommended.
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Introduction

Endocrine-disrupting chemicals (EDCs) are a class of chemicals that could disturb homeostasis
or modify the action of endogenous hormones, increasing the risk of non-communicable diseases
throughout life. It is claimed that, children are more susceptible to harmful effects of EDCs owing to
their greater exposure and rapid development. The most sensitive times of exposure to EDCs is during
critical periods of development, such as during fetal development, perinatal life, childhood and
puberty (Biro and Wien, 2010). Bisphenol A (BPA) is one of the endocrine-disrupting compounds;
used in the manufacture of polycarbonate plastics and epoxy resins and as an additive in thermal
paper. Humans are exposed to BPA via plastic containers of food and beverages, canned food,
medical devices, dental sealants and the printing of thermal paper used for cash register receipts and
tickets (Biedermann et al., 2010; Geens et al., 2011).

BPA can leach from containers into consumer products, which presents many opportunities for
human exposure, most commonly via ingestion and, to a lesser extent, via inhalation and dermal
routes (Vandenberg et al., 2010). Once ingested, BPA is efficiently absorbed (95%) and is rapidly and
mainly excreted in urine as BPA conjugates. The urinary concentration of total (free plus conjugated)
BPA has often been used to evaluate the exposure level of BPA from all sources (Zoller et al., 2012).
Detectable BPA levels have also been measured in placental and amniotic fluids (Balakrishnan et al.,
2010), and human breast milk (Vandenberg et al., 2007) suggesting that exposure starts in utero and
may continue postnatally via breastfeeding .
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Bisphenol A (BPA) is an endocrine-disrupting chemical that can mimic or partly mimic
estrogens, androgens and thyroid hormones. It affects the endocrine system by competing with
endogenous hormones by binding to receptors and modifying the synthesis, metabolism and action of
these hormones (Yoon et al., 2014). BPA may potentiate the risk of reduced fertility in males (Maffini
et al., 2006) and precocious puberty in females (Rasier et al., 2006). It has been associated with
increased incidence of cardiovascular diseases and diabetes (Rezg et al., 2014) and could present a
possible role in the development of cancer (Keri ef al., 2007). BPA has been labeled as a xenobiotic
which has an obesogenic, diabetogenic behavior and act as an antagonist to thyroid hormone action.
(Decherf & Demeneix, 2011; Moriyama et al., 2002).

Childhood obesity is one of the major public health challenges (WHO, 2004). It has been
defined as an abnormal or excessive fat accumulation that may impair health causing life-threatening
diseases (WHO, 2014). Obesity is considered an important risk factor for cardiovascular diseases,
certain cancers, respiratory ailments, and it adversely affects the health-related quality of life. In
addition, obese children are at a much higher risk of being obese in adulthood (Zoller et al., 2012).

It has been observed that the worldwide prevalence of childhood obesity had increased by
47.1% between 1980 and 2013 (Ng ef al., 2014). Egypt has a high prevalence of obese individuals
among both children and adults. In adults the prevalence is about 35.3% which represents the highest
prevalence worldwide. In children, the prevalence is about 10.2% which is slightly less than the
highest level of obese children observed in the United States (Afshin et al., 2017).

Obesity occurs when energy consumption exceeds energy expenditure. However, the current
obesity epidemic can’t be completely explained by excess food consumption and inadequate physical
activity (Baillie-Hamilton, 2002; Grun and Blumberg, 2006). Other risk factors might play a role in
this epidemic.

Research evidence suggests that exposure to environmental obesogen-chemicals that promote
lipid accumulation and adipogenesis-may have a role in increasing obesity risk, especially when
exposure occurs in utero and early postnatal life (Tang-Peronard et al., 2011; Romano et al., 2014). In
vitro studies have shown that BPA enhances adipocyte cell differentiation, leading to excess fat
accumulation (Masuno et al., 2005). Rodent studies have also found BPA exposure to increase
adipose tissue mass and promote weight gain (Miyawaki et al., 2007). In humans, epidemiologic
studies have demonstrated association of higher BPA levels with higher risk of overweight and
obesity in both children and adults (Carwile et al., 2011; Trasande et al., 2012; Wang et al., 2012; Do
et al. 2017; Eng et al., 2013and Bhandari et al.,2013). However, existing epidemiological studies have
reached inconclusive findings (Oppeneer and Robien, 2014).

The aim of the current research is to investigate the relationship between urinary BPA
concentrations and obesity indicators in a sample of obese and non-obese Egyptian children and
adolescents.

Subjects and Methods

Study design and population

The study was a cross sectional one that included 166 apparently healthy children and
adolescents (94 boys and 72 girls) who were randomly selected from public and private primary, and
preparatory schools in Giza. Their age ranged from 6-16years old. Children were excluded if they had
a history of liver disease, renal diseases, thyroid disorders, endocrinal and genetic obesity or children
whose parents or guardians refuse to participate.

Ethical considerations:

Ethical Approvals were obtained from The Medical Research Ethical Committee of the
National Research Center (NRC) NO 16 368, the Egyptian Ministry of Education and the directors of
schools that participated in the research from 2012-2014. Written consents were obtained from the
parents and oral one from each student to be involved in the research.
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Methods
Each child enrolled in the study was subjected to the following:

-Physical Examination:
Children were subjected to thorough clinical examination that included chest, heart, abdominal,
and central nervous system examination.

-Anthropometric measurements:

Weight, height, waist & hip circumferences were measured. The height was measured to the
nearest 0.1 cm using a Holtain portable anthropometer, and the weight was determined to the nearest
0.01 kg using a Seca scale Balance with the subject dressed in minimal clothes and without shoes. The
BMI was calculated as weight (in kilograms) divided by height (in meters) squared. Body mass index
(BMI) is a measure used to determine childhood overweight and obesity. Obesity is defined as a BMI
at or above the 95th percentile for children and teens of the same age and sex or greater than 2
standard deviations above the WHO Growth Reference median. (WHO, 2014). BMI- Z-score was
calculated based on the WHO growth standards with the help of Anthro-plus Program for personal
computers. Children with BMI- Z-score >2 were considered obese (WHO, 2009).

Biochemical investigations:

Each child gave a morning spot urine sample which stored at -70 until assays for estimation of
urinary BPA concentration. The concentration of total species of urinary BPA was determined by
HPLC, Agilent technologies 1100 series, equipped with a quaternary pump (G131A model),
according to the method described by Matsumoto et al. (2003) . Briefly, urine sample (50 mL) was
buffered with 30 mL of 2.0 M sodium acetate buffer (pH 5.0) and hydrolyzed enzymatically with -
glucuronidase/sulfatase (4.414/168 U/mL) for 3 hours at 37°C in a shaking water bath. After
hydrolysis, 100 mL of 2 N hydrochloric acid was added, and the hydrolysate was extracted once with
5 mL of ethyl acetate. After centrifugation, 4mL of supernatant was transferred to a new tube and
evaporated with N2 gas stream. The residue was dissolved with 400 ul of acetonitrile / water (60/40)
v/v; 40 ul of the solution was then injected onto HPLC. Estimation of BPA was carried out by
reversed phase HPLC column (150x4.6, particle size 5 pum) and mobile phase consisted of
tetrahydrofuran/water/acetonitrile mixture (17.5/65/17.5) v/v with flow rate 1.5 ml/min and florescent
detector was set at 275 and 300 (excitation and emission). Serial dilutions of standards were injected
onto HPLC and their peak areas were determined. A linear standard curve was constructed by plotting
peak areas versus the corresponding concentrations. The concentration in samples was obtained from
the standard curve. The limit of detection (LOD) was calculated with the method recommended by
EPA (2004). The LODs of BPA in urine was 0.3ng/ml.

Determination of urinary creatinine:

Urinary creatinine was determined using kinetic kit according to the method of Bartels (1972).
BPA concentration was adjusted to the urinary creatinine concentration to correct for the urine
dilution (Barr et al., 2005).

Statistical analysis:

Statistical Package for the Social Sciences (SPSS) version 21 (SSPS Inc., Pennsylvania, USA)
was used for data analysis. The BPA concentration was adjusted to the urinary creatinine
concentration to correct for the urine volume. As the range between minimum and maximum values
of urinary BPA was very wide (0.3 to 18.9 ng/ml); the geometric mean was calculated to overcome
the problem of outliers. Urinary BPA and BPA/Creatinine levels were log transformed to improve
normality of the distribution. Urinary BPA, was categorized into quartiles from < 1.3ng/ml to >
4.9ng/ml. The data of obese and non-obese subjects were expressed as mean + standard deviation and
were compared by use of student’s t-test. Pearson’s correlation analysis was conducted to evaluate the
correlation between the normally distributed variables. All used tests were considered significant at
p<0.05.
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Results

The total number of the clinically studied population was166, of which 94 were males and 72
were females. They were classified according to BMI-z score into two groups: The obese group were
46 children and adolescents and the non- obese group were 120 children and adolescents. Means+ SD
values of age and anthropometric indices are shown in table 1.

Table 1: Age and anthropometric measurements of the studied sample

BMI group Mean SD t-test p

Age (vears) N‘g’bzts’zse }?g; ;:?g 2.190 0.059
Weight (Kg) N‘g’b‘:s’zse Zg:gg i;:;g -9.735 0.000%
Height (cm) N‘g’b‘;ts’zse 1‘5‘? 3; ig;g 2.966 0.003*
e e - S
BMI-z score N‘g’b‘;ts’zse (2)22 1 '6197 -13.235 0.000%
Waist ¢ (cm) N‘g’b‘:s’zse ggﬁj 192'?183 -11.526 0.000*
e b me ML o o

P <0.05 is significant

Table 2 shows urinary BPA concentrations of the studied children and adolescents. Bisphenol
A was detected in all examined urine samples. Means, median and geometric means values of the
total urinary BPA, urinary BPA/ gm creatinine and LOG of adjusted urinary BPA/gm creatinine are
shown in table 2.

Table 2: Urinary BPA concentrations of the studied children and adolescents

BPA Mean SD Median Geometric
Mean
Total urinary BPA ng/ml 1.28 1.48 0.68 0.67
Urinary BPA/ gm creatinine 798.91 1038.24 453.52 436.76
Log urinary BPA/gm creatinine 2.6402 0.49 2.66 2.59
BPA > 4.9ng/ml . 3%
<<
Q.
(=]
2 BPA2.6-4.9 ng/ml B s
E—
—
S BPA 1.3 -<2.6 ng/ml 12%
§ < ng/m -
2
0 20 40 60 80 100

Percentage of children and adolescents

Fig. 1: Distribution of children and adolescents along urinary BPA quartiles
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Table 3 shows a comparison of urinary BPA levels in obese and non-obese children. No
significant difference could be detected between the two groups as regards total urinary BPA. The
mean LOG total BPA in obese children (-0.28 = 0.44 ng/ml) was significantly lower than that in non-
obese children (-0.12 = 0.47ng/ml) (p=0.047) and the mean LOG of adjusted BPA/gm creatinine in
obese children (2.44 + 0.53) was significantly lower than that in non-obese children (2.72 + 0.53)
(p=0.004).

Table 3: Comparison of BPA levels in obese and non-obese subjects

non-obese (n=120) Obese (n= 46)
Parameter Mean + SD Mean + SD P-Value
Total BPA (ng/ml of urine) 1.43+£2.31 0.92+ 1.34 0.164
LOG Total BPA -0.12+0.47 -0.28-0.44 0.047*
Log BPA/ gm creatinine 2.72+0.53 2.44+0.53 0.004*

P < 0.05 is significant

Table 4 and 5 demonstrate the correlation between urinary BPA concentrations with indicators
of obesity in obese and non-obese group respectively. No significant association could be detected in
both groups.

Table 4: Correlation of urinary BPA concentrations with indicators of obesity in obese group
LOG TOTAL BPA Log BPA/creatinine g

Body mass index P§arson Cprrelation -.270 -.066
Sig. (2-tailed) .330 .816

BMI-z score P§arson Cprrelation =222 -.142
Sig. (2-tailed) 158 371

Waist ¢ P.earson (;orrelation -.265 =227
Sig. (2-tailed) .094 154

Hip ¢ P.earson (;orrelation -172 -.140
Sig. (2-tailed) 282 .383

. . . Pearson Correlation -.047 .069
Waist to height ratio Sig. (2-tailed) 770 668

*. Correlation is significant at the 0.05 level (2-tailed).

Table 5: Correlation of urinary BPA concentrations with indicators of obesity in non- obese group
LOG TOTAL BPA Log BPA/creatinine g

Body mass index P@arson Correlation -.042 -.037
Sig. (2-tailed) 921 932

BMI-z score Pgarson Cprrelation - 112 -.178
Sig. (2-tailed) 261 .074

Waist ¢ P;arson C;orrelation -.072 -.140
Sig. (2-tailed) 472 155

Hip ¢ Pfearson Correlation -.078 -.132
Sig. (2-tailed) 438 181

. . . Pearson Correlation .056 142
Waist to heightratio o, "> ;10q) 577 156

*. Correlation is significant at the 0.05 level (2-tailed).

Discussion

Children are more susceptible to the harmful effects of environmental pollutants owing to the
rapid growth and development of their body systems and their longer lifespan. Consequently, they
become more vulnerable to develop chronic diseases in adulthood (WHO 2004, 2011). In this cross-
sectional study, the relationship between BPA exposure and obesity in childhood and adolescence was
investigated. The study population was randomly recruited 166 children and adolescents of both sexes
and their age ranged from 6 to16 years.

In the current study, BPA was detected in all examined urine samples of children and
adolescents. This is going with many previous studies reported the detection of BPA in the blood and
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urine of most people worldwide indicating its universal exposure (Zhang et al., 2011; Olsen et al.,
2012 and Ko et al., 2014). The concentration of total urinary BPA in this study ranged from 0.3 to
18.9 ng/ml, signifying diverse exposure of Egyptian children to BPA. The majority of the studied
sample had BPA concentrations below 1.3ng/ml of urine. The geometric mean (GM) of total urinary
BPA in the current study was relatively close to the GM value of previous Egyptian study included
girls aged 10-13 years old (Nahar ef al., 2012). (GM was 0.67 ng/ml in the current study versus 0.84
ng/ml in the previous one). However, this GM is much lower than that reported for children in
European countries, Canada, or Australia. In a German study, a GM of urinary BPA was reported as
2.22 ng/ml in children aged 3- 14 years (Becker ef al. 2009). In an Australian study conducted on
children from 0-15 years old, the GM of the total urinary BPA was 2.57 + 4.66 ng/ml (Heffernan et
al., 2013). In Europe, children from six European countries aged 5- 12 years were included in a large
study estimating urinary BPA. A GM of urinary BPA was 1.97ug/L which is still higher than that in
the current study (Covaci et al, 2015). The least GM of urinary BPA recorded in a Canadian Survey
of children 6 to 19 years old, was 1.3 ng/ml, as twice as the value of GM of the current study
(Bushnik et al., 2010). Differences in BPA levels in different countries may be attributed to genetic
variability in metabolism or to life style differences. Nevertheless, researchers should be very cautious
in comparing measured concentrations among different populations, due to differences in the way of
sampling, the sensitivity of the assays and the analytical methods that were used (Volkel ef al., 2005;
Calafat et al., 2008).

The growing prevalence of obesity in children and adults is pushing scientists to look for the
possible role of endocrine disrupting chemicals such as BPA in the development of obesity. In the
current study, there was no significant difference in concentrations of unadjusted urinary BPA
between obese and non-obese children. However, the log transformed urinary BPA and the adjusted
log transformed urinary BPA for urinary creatinine showed significant higher levels in non-obese
children and adolescents compared to the obese group (table 3). No correlation between obesity
indices (such as BMI-z score, waist and hip circumferences) and urinary BPA could be detected
whether in obese or non-obese subjects (table 4 and 5). The levels of urinary BPA in this study (GM
was 0.67 ng/ml and 77% of subjects had levels below 1.3 ng/ml) which were below those from most
previous studies may explain lack of association. Li et al. (2013) reported a dose-response
relationship; higher urinary BPA levels were significantly associated with elevated fat mass index in
girls and lower urinary BPA concentration was associated with lower percentage of trunk fat in girls.
Previous studies had reported controversial results about the association of BPA and obesity. In
accordance with the current study, some studies failed to find significant association between urinary
BPA concentration and obesity indices. A study in Eastern China found no significant difference in
urinary BPA concentrations between normal weight and overweight/obese school children (Wang et
al. 2014). Eleven endocrine disrupting chemicals including BPA were determined in 49 obese and 27
non-obese Indian children. No correlation between BPA levels and body mass index could be detected
(Xue et al., 2015).

Other studies have reported negative association. In the American study concerned with
hormonal and environmental agents affecting U.S. children, urinary BPA was higher among
prepubertal girls with body mass index less than 85th reference percentile than those at or above the
85th percentile (Wolff et al., 2007). In a prospective cohort study involved 297 mother-child pairs
from Ohio, urinary BPA concentrations were estimated in samples collected from pregnant mothers
during the second and third trimesters and their children at 1 and 2 years of age. Each tenfold increase
in prenatal or early-childhood BPA concentrations was associated with a modest and nonsignificant
decrease in child BMI. These inverse correlations were stronger in girls than in boys (Braun ef al.,
2014).

Most of adult and children studies have reported a positive association between urinary BPA
concentration and indicators of obesity. Body mass index was considered as an outcome in two
studies; they have found positive association between increasing levels of urinary BPA and increased
BMI in children (Wang et al 2012; Bhandari ef al., 2013). The same pattern of association was found
in multivariable analyses examining the association between urinary BPA concentration quartiles and
BMI- z score (Trasande et al., 2012). In an American study, BMI, waist circumference and waist —
height ratio were used as adiposity measures. They have found that higher BPA levels are associated
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with BMI at or above the 95th percentile and with waist circumference—to—height ratio equal or more
than 0.5 (Eng et al., 2013).

It is apparent that, the possible evidence of obesogenic effect of BPA in humans is not
conclusive. Results of different studies are inconsistent with negative, positive or no association at all.
This discrepancy may be due to: Initially, the cross-sectional design of most of previous
epidemiological studies. The nature of the cross-sectional studies restricts their predictive power and
can’t infer a causality. Obesity is mainly due high caloric diet, physical inactivity in addition to
genetic predisposition (Caporossi and Papaleo, 2017). BPA exposure could be a demonstrative for
other variables related to obesity, such as high consumption of packaged and canned foods, bad
dietary behavior and family income level (Trasande et al., 2012). Use of plastic bottles, microwave
plastic wares and consumption of canned food was found to be excessive in Egyptian children from
high socioeconomic class (Gabr et al., 2017). Socioeconomic background and life style factors may
predispose to the higher concentrations of urinary BPA in non-obese children in the current study.
Secondly, the method of assessment of BPA exposure followed in most previous studies was analysis
of one spot urine sample. This method was reported to show a moderate sensitivity for predicting
individual’s BPA exposure level (Mahalingalah et al., 2008). However, the short half- life of BPA in
human body might mask the true exposure level, resulting in weakening of the association between
BPA levels and obesity indicators (Wang et al., 2012).

There were some study limitations which should be taken in consideration. The small sample
size which restricts generalization of results on Egyptian children and adolescents. The cross-sectional
study design combined with one morning spot urine sample could not give an accurate measure of
long-term BPA exposure, consequently didn’t confirm the association between BPA exposure and
obesity. Lack of assessment of confounding variables as life style variables, dietary habits, family
income level and exposure to other chemical pollutants represent additional points of limitations.

Conclusion

BPA was detected in all of the assessed urine samples with a wide range of variability
indicating widespread and diversity of exposure to this endocrine-disrupting chemical. Mean of
urinary BPA concentration was significantly higher in non-obese children and this may be attributed
to social background and life style factors. No association could be detected between urinary BPA
concentrations and indicators of obesity whether in obese or non-obese children and adolescents.
However, we can’t exclude this association owing to the small sample size and cross-sectional study
design. Further large prospective studies with serial measurements of BPA, detailed measures of
nutrient intake and energy expenditure, as well as long-term follow-up are greatly recommended.
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	ABSTRACT 

	Methods

	Each child enrolled in the study was subjected to the following:

		

	-Physical Examination: 

	Children were subjected to thorough clinical examination that included chest, heart, abdominal, and central nervous system examination. 

	Results

	The total number of the clinically studied population was166, of which 94 were males and 72 were females. They were classified according to BMI-z score into two groups: The obese group were 46 children and adolescents and the non- obese group were 120 children and adolescents. Means± SD values of age and anthropometric indices are shown in table 1.
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	Table 3 shows a comparison of urinary BPA levels in obese and non-obese children. No significant difference could be detected between the two groups as regards total urinary BPA. The mean LOG total BPA in obese children (-0.28 ± 0.44 ng/ml) was significantly lower than that in non-obese children (-0.12 ± 0.47ng/ml) (p=0.047) and the mean LOG of adjusted BPA/gm creatinine in obese children (2.44 ± 0.53) was significantly lower than that in non-obese children (2.72 ± 0.53) (p=0.004). 
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