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Abstract

BACKGROUND: The glomerulus is a window to visualize the endothelial status of the whole body. Minimal decrease
of albumin level below cutoff point might be a marker of endothelial dysfunction. Exposure to bisphenol A may be a
risk factor of developing low-grade albuminuria (LGA) in pediatrics.

AIM: The aim of this study was to investigate the association of exposure to bisphenol A and the presence of LGA.

METHODS: This was a cross-sectional study enrolling 158 children: 91 boys and 67 girls excluding kids with hepatic
disease, kidney disease, and endocrinopathies. Urinary albumin and creatinine were measured. Urinary albumin/
creatinine ratio was calculated in mg/g and was stratified into macroalbuminuria of >300 mg/g, microalbuminuria of
30-300 mg/g, and LGA of <30 mg/g. Urinary bisphenol A was measured by high-performance liquid chromatography
using fluorescent detector.

RESULTS: LGA was detected in 141 participants (89.24%), while microalbuminuria and macroalbuminuria were
detected in 15 (9.5%) and 2 (1.26%) participants, respectively. The total urinary bisphenol A in candidates with LGA
was categorized into four quartiles (<0.285, 0.285-0.599, 0.600-1.215, and >1.215) ng/mL and similarly their LGA
(<2.0404, 2.0404-4.0385, 4.0386-7.3870, and >7.3870) mg/g. Children with the highest compared to the lowest
quartile of urinary bisphenol A had a comparable mean of LGA with insignificant p value.

CONCLUSION: LGA was found in 141 out of 158 children. A direct cause effect of exposure to bisphenol A could not
be proved. Further studies are needed to investigate the pathophysiology of LGA and its significance.

Open Access: This is an open-access article distributed
under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0).

Introduction

The increasing environmental chemical
exposure to bisphenol A (BPA) is now a daily base
concern, especially with the westernized shift in eating
practices in Egypt and other countries. Food packing,
modern kitchenware, and inner coating of cans and jars
heightened the incidence of health hazards of exposure
to BPA via the oral route [1]. BPA is an organic synthetic
compound found in polycarbonate plastics and epoxy
resins. Polycarbonate plastics are often used in
containers such as water bottles and tableware. Epoxy
resins are present in the inner layer of metal cans, bottle
tops, and water supply lines. BPA can seep into foods
and beverages through leaching from can liners. Some
dental sealants also may contain BPA. In addition,
handling thermal sales’ paper receipts can be a source
of exposure to BPA [2], [3].

Since the 1960s till 2012, BPA had been used
to make hard plastic baby bottles, cups for toddlers,

and the linings of cans that hold infant formula. By June
2012, the Food and Drug Administration [4] ended the
use of BPA in baby bottles and children’s drinking cups.
The hazardous potential of BPA is due to its estrogenic
mimicking effects, its ability to induce reactive oxygen
species, and its disruption to endocrinal functions. BPA
can imitate the body’s hormones, and it can interfere
with the production, secretion, and action of natural
hormones, as well as affecting their transport, function,
and elimination [5]. The scope of notorious impact
of BPA on health is getting wider every day. Multiple
researches suggest a possible link between BPA and
chronic non-communicable diseases [6]. Studies
point out the association between BPA and low-grade
albuminuria (LGA) among children and adults [3], [7].

LGA is defined as urinary albumin—creatinine
ratio (UACR) <30 mg/g, i.e., below the range of
conventional microalbuminuria (UACR: 30-300 mg/g).
The LGA points to a leaky glomerular tuft and is a
marker of renal endothelial barrier malfunction. This
local endothelial dysfunction is just a mirror reflecting a
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generalized endothelial dysfunction. Therefore, LGA is
related to cardiovascular morbidity and mortality in the
general population [8].

In view of the potential risks of LGA and in the
light of the universal exposure to BPA in early life, we
conducted the current study to explore the probable
relation between LGA and BPA in a sample of Egyptian
children.

Subjects and Methods

This was a cross-sectional study enrolling
158 children: 91 boys and 67 girls randomly selected
from nurseries and primary, preparatory, and
secondary schools in Giza, Egypt, during the period
from September 2018 to September 2019. As for
randomization, boys and girls present in class at time
of our presence on Tuesday and Wednesday of each
week and whose guardian accepted to enroll them and
signed the consent are numbered by order and then we
select odd numbers in each class for enroliment.

Exclusion criteria

Children with hepatic disease, kidney disease,
and endocrinopathies were excluded from the study.

Ethical considerations

This study was a part of a large project,
which investigated the different health hazards of BPA
exposure in children and adolescents. The Research
and Ethical Committee of National Research Centre of
Egypt cleared the study protocol with ethical approval
code number 14039. The study was also approved by
the Egyptian Ministry of Education as well as schools
and nurseries from which we enrolled the children.
Written consent was signed by the legal guardian of
each participant.

Each participant in this study was subjected to:

1. Food frequency questionnaire: A specific
food frequency questionnaire was designed
to identify the sources of BPA exposure,
which enlisted the canned food and beverage
consumed per month, e.g., fruits, vegetables,
soft drinks, and fast food [9]

2. Anthropometry: Height was noted to the nearest
0.1 cm using a Holtain portable anthropometer,
while weight was documented to the nearest
0.01 kg using a Seca scale balance with the
candidate minimally dressed and shoes taken
off

. Laboratory investigation:
° Urine sample was collected from participants.

It was the first-morning urine passed by the
child collected directly in sterile plastic cups
and stored immediately within 1 h at —20°C

° Blood sample was taken for measuring
fasting blood glucose, total cholesterol (TC),
triglycerides (TGs), high-density lipoprotein
(HDL), and low-density lipoprotein (LDL).

Techniques

Total and conjugated BPA levels were
estimated using reversed-phase high-performance
liquid chromatography (RP-HPLC) and quaternary
pump Agilent Technologies 1100 series, Quat. pump,
G131A model as described in our previous [10].

Sample extraction

Thirty ul from sodium acetate (2.0 M, pH 5.0)
was added to 500 plL urine sample and hydrolyzed
with B-glucuronidase/sulfatase for 3 h in shaking
water bath that was adjusted at 37°C and then 100 uL
hydrochloric acid was added. Then, the hydrolysate
was extracted with ethyl acetate and centrifuged.
Four ml from the supernatant was transferred to a
clean tube for evaporation under nitrogen stream gas
(N2 gas). The produced residue was then dissolved
in 200 uL acetonitrile/water (60/40) v/v; finally, 40 uL
of this solution was injected onto the HPLC [11].
The mean value of BPA was then divided on urinary
creatinine concentration to correct the dilution of urine
samples [12].

Urinary creatinine was measured by kinetic
method according to Bartel, 1972 [13]. The kit was
purchased from high-performance diagnostic reagents
(Pointe, Scientific Inc., USA).

Urinary microalbumin was detected using
enzyme-linked  immunosorbent assay (ELISA)
according to the method of Mogensen, 1984 [14]
(Orgentec, Diagnostika, Hamburg, Germany).

The degree of albuminuria was determined
according to the value of ACR. Three grades were
described: A high grade, namely macroalbuminuria
of >300 mg/g; an intermediate grade, namely
microalbuminuria of 30-300 mg/g; and a LGA of
<30 mg/g.

Blood samples were withdrawn from the
participants after 12-h fasting. Blood was left to clot at
37°C and then centrifuged to separate serum which
was then stored at —80°C. Fasting blood glucose
was estimated immediately using the routine glucose
oxidase method via Olympus 400 autoanalyzer
(Olympus, Tokyo, Japan) [15].

Serum TC and TGs were estimated by the
enzymatic calorimetric method according to Titez, 1982,
and Fossati and Prencipe, 1982, respectively [16], [17].
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HDL was estimated by precipitation method described
by Lopez et al., 1977 [18].

Whereas,
Friedewald formula.

LDL was calculated by the

Statistical analysis

The ratio of BPA/creatinine and its log were
calculated. Urinary BPA and BPA/creatinine levels
were log transformed to obtain a better normality of
the distribution. The data were presented as mean +
standard deviation and were compared by student’s
t-test. Pearson’s correlation analysis was used to
assess the correlation between the different variables
with normal distribution, while Spearman’s correlation
was used for the variables lacking normal distribution.
SPSS version 21 (SSPS Inc., Pennsylvania, USA) was
the software in use. Two-sided p < 0.05 was counted as
statistically significant.

Results

The study group included 158 children,
91 (57.6%) males and 67 (42.4%) females; the age
ranged between 2.12 and 18.8 years. LGA was
the predominant finding. It was detected in 141
participants (89.24%), while microalbuminuria and
macroalbuminuria were much less commonly detected
in 15 (9.5%) and 2 (1.26%) participants, respectively.
Hence, we focused our study on the candidates with
LGA. Those 141 children were 82 males (58.2%) and
59 females (41.8%). Their age ranged from 2.12 to
18.8 years, with a mean of 11.03 years. All descriptive
data (clinical and laboratory) are noted in Table 1.

Table 1: Descriptive statistics

Variable Mean + SD
Age in years 11.02 £ 3.281
Body mass index-z score 1+ 1.59044
Systolic BP 110.97 £ 10.72
Diastolic BP 73.10+7.93
Log total bisphenol A -0.1987 + 0.45
Log bisphenol A/creatinine 2.62+0.53
Blood glucose 88.32+ 15.36
Serum cholesterol 174.44 + 39.88
Serum triglyceride 7459 +32.13
HDL 39.91+7.61
LDL 118.37 £ 39.07
Urine albumin mg/creatinine g ratio 5.89 + 5.64

SD: Standard deviation, HDL: High-density lipoprotein, LDL: Low-density lipoprotein.

Childhood obesity was diagnosed according
to body mass index z-score (BMI z-score) cutoff
points settled by the Centers for Disease Control and
Prevention. Forty-two children were obese (29.8%) with

Table 2: Bisphenol A quartiles

Bisphenol A quartile
Valid

Frequency (%) n=141

Quartile 1 (<0.285) 33 (23.4)
Quartile 2 (0.285-0.599) 32 (22.7)
Quartile 3 (0.600-1.215) 34 (24.1)
Quartile 4 (>1.215) 33 (23.4)

Total 132 (93.6)

Missing (6.4%) as 9 children did not give urine sample.

and >1.215) ng/mL and similarly their LGA (<2.0404,
2.0404-4.0385, 4.0386-7.3870, and >7.3870) mg/g, as
shown in Tables 2 and 3, respectively.

Table 3: Quartiles of albumin mg/creatinine g

Albumin/creatinine quartile Frequency (%) n=141

Quartile 1 (<2.0404 mg/g) 35 (24.8)
Quartile 2 (2.0404-4.0385 mg/g) 36 (25.5)
Quartile 3 (4.0386-7.3870 mg/g) 35 (24.8)
Quartile 4 (>7.3870 mg/g) 35 (24.8)

Females had a significantly higher level of LGA
compared to males, of 7.3533 mg/g and 4.8417 mg/g,
respectively, with p = 0.009. While, a similar urinary BPA
value was found in both sexes. Both urinary BPA and
LGA were significantly higher in non-obese compared
to obese children with p = 0.018 and 0.01, respectively.
Otherwise, non-significant difference was detected
as regards lipid profile parameters and fasting blood
glucose level on both urinary BPA and LGA values in
Table 4.

Table 4: Effect of different variables on bisphenol A level and
on albuminuria

Variables Log BPA/creatinine Albumin/creatinine ratio
Mean + SD  t-test p-value Mean + SD  t-test p-value

Sex
Male 264+0.58 0.336 7.737 484+423 -266 0.009*
Female 2.61+0.46 7.35+6.95

Body mass index
Non-obese 270+0.53 2.393 0.018* 6.73+6.32 260 0.01*
Obese 2.47 +0.51 4.07 £2.96

Blood glucose
<100 2.60+0.54 -0.394 0.696 563+4.60 -1.89 0.064
>100 252 +0.39 9.33+9.84

Cholesterol
<200 248+049 -1.412 0.164 6.47+6.03 041 068
>200 2.74 £0.62 5.64 +6.11

HDL
>35 259+0.33 1.757 0.085 6.96+6.35 1.75 0.085
<35 229+0.33 3.51+287

LDL
<130 246+047 -135 0.182 6.20 +5.48 0.227 0.821
>13 2.68 + 0.64 5.83 + 5.68

*p < 0.05 is significant. HDL: High-density lipoprotein, LDL: Low-density lipoprotein.

Children with the highest compared to the
lowest quartile of urinary BPA had a comparable
mean of LGA with insignificant P value. Also no
significant p value was found between low grade
albuminuria quartiles, as illustrated in Tables 5 and
6, respectively.

Table 5: Comparison of low-grade albuminuria according to
bisphenol A quartiles

Quartiles of bisphenol A Mean Std. Deviation p-value
_ Albumin/creatinine ratio
BMI Z-score above +2 SD Quartile1(<0.285) (Reference) 6.0203 6.05326
Quartile 2 (0.285-0.599) 5.8019 6.07727 0.863
The total urinary BPA was categorized into four Quartile 3 (0.600-1.215) 41241 3.44623 0.129
. Quartile 4 (>1.215) 5.9336 4.28215 0.945
quar’tl|eS (<0285, 0285—0599, 0600—1 21 5, *p<0.05 is significant.
Open Access Maced J Med Sci. 2021 Oct 02; 9(B):1069-1074. 1071
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Discussion

It was suggested that BPA exposure during
childhood may contribute to early vascular damage in
children and adolescents [19]. LGA could be attributed
to oxidative stress and generalized endothelial
dysfunction induced by BPA [20]. In the current study,
we examined the association between LGA as an early
indicator of endothelial dysfunction and BPA exposure
in a sample of Egyptian children.

Table 6: Comparison of bisphenol A according to quartiles of
low-grade albuminuria

Low-grade albuminuria (quartiles) Mean Std. Deviation
Log bisphenol A/creatinine

Quartile 1 (Reference)

p-value

2.5804 0.55726

Quartile 2 2.6386 0.47786 0.655
Quartile 3 2.7218 0.54193 0.279
Quartile 4 2.5532 0.56932 0.841

In this study, LGA was detected in 89.24% of
participants. There was a significantly higher level of
LGA in females compared to males, of 7.3533 mg/g and
4.8417 mg/g, respectively, with p = 0.009. This may be
explained by the greater muscle bulk in boys compared
to girls in adolescence. Consequently, a gender-related
difference in mean serum creatinine levels of 16.7%
in favor of male sex is detected [21]. While ACR is
inversely related to serum creatinine levels [22], a lower
range of LGA is expected in males. These results are
similar to those found by Trasande et al. [3].

Similarly, the muscle bulk discrepancy clarifies
the reason for the significantly higher level of LGA in
non-obese children as compared to those who have
obesity, of 6.73 mg/g and 4.07 mg/g, respectively, with
p = 0.01. The low muscle mass of the normal weight
children might present with the decreased excretion of
urinary creatinine, thus resulting in an overestimation
of ACR [23].

Another possibility is, the lean children might
have increased physical activity than the obese children
and the active exercise might lead to physiological
microalbuminuria [24].

To avoid the spuriously elevated ACR, we
tried to space the sample collection far from exertion
and longstanding upright posture, this rise in albumin
excretion was mentioned in two different studies [25],
[26].

Our finding that ACR was lower in the
overweight children is consistent with what Nguyen
concluded [26], but still, it merits further researches as
several studies revealed the opposite [27].

Our study results showed that there is a
significantly higher level of urinary BPA in non-obese
children as compared to obese, of 2.7 and 4.27,
respectively, with p = 0.018. This finding is contrary to
what is reported in many other studies [3], [27], [28].
On the other hand, some studies showed no
association between urinary BPA and overweight or
obesity [29], [30].

The results we obtained could be explained
by the lipophilic tendency of BPA. BPA was previously
detected in human adipose tissue [31]. This is why blood
level can be lower in obese subjects as it is stored more
in adipose tissues.

Normal BMI does not guarantee healthy eating
behaviors [32]. Many lean children and adolescents are
exposed to high levels of BPA through consumption of
canned food and beverages leading to an increment in
urinary BPA[7].

The higher level of BPA in non-obese
candidates, could result from a multitude of sources
as the consumption of canned foods [33], dental
materials [34], air, soil [35], plastic water bottles [36],
and thermal paper [37]. Furthermore, gestational and
lactational exposures are proved in humans [38], [39].

Our data failed to prove an association
between urinary BPA levels and LGA. This result is
against to what was found in many other studies like
what was found by Trasande et al. They confirmed
the association of urinary BPA and LGA in US adults,
and documented the same association in a population
of US children [3]. Another large population study
demonstrated a significant association between urinary
excretion of BPA concentration and albuminuria [7]. This
association persisted independently of sex, diabetes,
smoking status, hypertension, or chronic kidney
disease. However, the non-monotonic dose-response
relationships of BPA render the results unpredictable
and widely variable [40].

Our results revealed that urinary concentration
of BPA and the levels of ACR were not affected by the
blood levels of other variables, such as lipid profile and
FBG, whether low or high values. These results are
similar to those of a recent Egyptian study [2].

The cross-sectional design of the current
study might not reflect the long-term effect of BPA on
endothelium. The small sample size was a confounding
factor. Inadequate data about sources and routes of
exposure to BPA make the interpretation difficult and
non-conclusive. Dependence on BMI alone cannot
precisely differentiate between lean and obese subjects.

Conclusion

BPA exposure as detected by cross-sectional
urinary assay was not correlated to the predominant
LGA of the study group. However, long-term researches
are needed to provide more data about this association
and to confirm whether urinary BPA-associated changes
in LGA could or could not serve as an alarm for future
development of metabolic syndrome and glomerular
disease. This would lend support to our suggestion that
BPA promotes generalized endothelial dysfunction.
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Contemporary researches announce that
even LGA accompanying BPA exposure could induce
podocytopathy. This mandates the re-evaluation of the
cutoff value of pathological albuminuria. Furthermore,
it renders the use of BPA a forbidden issue rather than
restricted one.
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