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ABSTRACT 

Introduction: Bisphenol A (BPA) is ubiquitous in our environment, as evidenced by the 
fact that over 90 % of individuals have detectable levels of BPA present in their urine, 
which is the primary route of excretion in humans. BPA has been found in neonates, 
children and adults, and can be measured in a range of body fluids and tissues, 
including urine, blood, saliva, placental tissue, adipose tissue and breast milk 
(Vandenberg et al., 2010). 

Objectives: The aim of this study was to assess the association between BPA exposures 
by measuring urinary levels of BPA, insulin resistance using estimated glucose 
disposal rate, glycemic control using mean value of HbA1C and diabetes 
complications in type 1 diabetic children. 

Subjects and Methods: This is a descriptive cross-sectional study that was carried out 
on 100 children with type 1 DM. they are selected by simple random method from the 
attendants of Pediatric Endocrinology Outpatient Clinic, Abo Elrish Pediatric 
Hospital, Cairo University, Egypt and Pediatric Endocrinology Outpatient Clinic of 
EL-Hussein University Hospital, Al Azhar University during the period from April 
2019 to March 2021. 

Results: The mean age of the studied diabetic children was 12.9 ± 2.24 years. And the 
onset of diagnosis of diabetes was 5.33 ± 2.25 years old. The mean duration of 
diabetes was 7.59 ± 1.9 years. There were significantly higher level of HBA1c, serum 
Cholesterol, and serum Triglyceride, among bisphenol positive groups compared to 
bisphenol negative group, (P<0.05).Regarding  ROC curve for glucose disposal rate 
which shows insulin resistance it showed that the best cutoff of glucose disposal rate at 
11.72 (sensitivity 75% and specificity 70.8, P<0.05). 
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Conclusion: Significant association between BPA exposures, insulin resistance and 
diabetes complications in type 1 diabetic children. 

Keywords: Bisphenol A, Insulin Resistance, Glycemic Control, Type 1 Diabetes 
Mellitus. 

 

 
INTRODUCTION 

     Bisphenol A (BPA) is an 
environmental pollutant that has 
brought greater attention to the 
public health. It is one of the 
highest volume chemicals 
produced and used worldwide 
since 1950s and exists in human 
biological samples ubiquitously 
(Kim et al., 2013). 
     Bisphenol A (BPA), an 
endocrine disruptor (ED), has 
been found in more than 90% of 
human urine samples due to its 
wide use in a variety of 
polycarbonate plastics and epoxy 
resins (e.g., water bottles and 
plastic food containers; (Lang et 
al., 2008). 
     Abundant evidence from in 
vivo and in vitro studies showed 
that BPA could affect children 
health (Egan, 2010), thus it has 
been was prohibited in baby 
feeding bottles as they are  the 
most susceptibility population and 
even a small amount of exposure 
would harm the babies in their 
later lives (Heindel et al., 2017). 
     Many studies have shown that 
BPA exposure during adulthood or 

throughout life can increase type. I 
D. incidence (Bodin et al., 2013; 
Bodin et al., 2015; Cetkovic-
Cvrlje et al., 2017). 
     Modernization and technology, 
although increasing convenience, 
increase the exposure risk to man-
made chemicals. The potential 
toxic effects of many of these 
chemicals are largely unknown. 
Some of these chemicals are 
suggested to interrupt the 
endocrine system and are named 
as “endocrine disrupting 
chemicals (EDCs)”. Bisphenol-A 
(BPA) is suggested to be an EDC 
and is used extensively in the 
manufacturing of polycarbonate 
plastics and epoxy resins. The 
main utilization of BPA is in the 
production of various common 
consumer products such as water 
containers, baby bottles, the resin 
linings of food and beverage cans, 
food packaging, reusable water 
bottles, plastic tableware, food 
storage containers, children’s toys 
and sealants in dentistry 
(Vandenberg, 2016 and 
Ahmadkhaniha et al., 2014). 
     Diabetes mellitus is the most 
commonly encountered endocrine-
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metabolic disorder of childhood. It 
is an epidemic worldwide and 
might be affecting more than 300 
million people. Although type 2 
diabetes (T2DM) is dominating 
this epidemic, type 1 diabetes 
(T1DM) should not be overlooked 
because it represents 10–15% of 
diabetes mellitus cases (Pociot 
and Lernmark, 2016). 
     Among children under the age 
of 15 years, the risk of developing 
T1DM has been rapidly 
increasing. This rapid increase in 
the incidence of T1DM cannot be 
explained only by genetic 
predisposition. Environmental 
agents which were seldom referred 
to in the pathogenesis of diabetes 
have become suspected factors in 
disease development. In recent 
years, EDCs, including BPA, have 
come under suspicion as factors in 
diabetes development (İnce et al., 
2018). 
     Studies have found some 
evidence that BPA exposure could 
contribute to the development of 
insulin resistance, obesity and 
T2DM (Rochester, 2013, and Sun 
et al., 2014). 
     BPA exposure can affect β-
cells of the pancreas and promote 
autoimmunity, which accelerates 
insulitis and diabetes development 
in an animal model of T1DM 
(Bodin et al., 2013; Bodin et al., 
2015). 

 
AIM OF THE WORK 

     The aim of our study was to 
assess the association between 
BPA exposures by measuring 
urinary levels of BPA, insulin 
resistance using estimated glucose 
disposal rate, glycemic control 
using mean value of HbA1C. 
Ethical Considerations: 
1. Approval of ethical committee 

in the university was obtained 
before the study. 

2. Full informed written consent 
was taken from parents. 

3.  Any risks during the course of 
the research were cleared to 
the participants and to the 
Ethical Committee on time. 

4.  Privacy of participants and 
confidentiality of the data were 
maintained. 

5. The patient has the right to 
withdraw from the study at any 
time. 

6. The authors declared that there 
is no conflict of interest or any 
financial support regarding the 
study or publication. 

PATIENTS AND MATERIALS 
     This study is a descriptive 
cross-sectional study that was 
carried out on children with type 1 
DM attending to Pediatric 
Endocrinology Outpatient Clinic, 
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Abo Elrish Pediatric Hospital, 
Cairo University, and Pediatric 
Endocrinology Outpatient Clinic 
of EL-Hussein University 
Hospital, Al Azhar University 
Egypt. 
Inclusion criteria were:  
1. Children with type 1 DM 

(according to ADA criteria) of 
at least 4 years duration. 

2. Children age 6-18 years old 
(males and females). 

Exclusion criteria were:  
1. Newly diagnosed diabetics. 
2. Other types of diabetes. 

Patients with T2DM, MODY, 
and syndromic diabetes 
(Down, Wolfram syndrome, 
etc.). 

3. Children have other chronic 
significant health problems 
(including other autoimmune 
diseases). 

     All the studied children were 
subjected to: 
I: Detailed History taking. 
Stressing On:  
• Age and sex of the patient, 

Age of onset of Diabetes and 
Diabetes therapy. 

• History of bisphenol exposure 
e.g: ingestion of food and 
drinks which has been stored 
or reheated in plastics, cans, 
and food packaging materials. 

• Family history of diabetes 
(type 1 or type 2). 

• Symptoms of peripheral 
neuropathy: pain, burning, 
tingling and numbness and loss 
of protective sensation. 

II: Complete physical 
examination. Stressing On: 
• Vital signs: Heart rate, 

respiratory rate, temperature, 
blood pressure. 

• Anthropometric 
measurements: Height, weight, 
Body mass index, Waist 
circumference, Head 
circumference, and hip 
circumference. 

• Neurological examination: to 
detect any evidence of 
peripheral neuropathy: 

III: Investigations: Laboratory 
investigations including: 
• HbA1C (%): (reference values 

between 4.7 and 6.0) 
• Lipid profile (LDL, TG, and 

Cholesterol). 
• Albumin/ creatinin ratio (A/C 

ratio) 
• Early morning urine sample 

was taken for Urinary BPA 
levels of all children were 
measured using high-
performance liquid 
chromatography.  To measure 
urinary BPA concentration, 
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morning spot urine sample will 
be collected from each study 
participant. A comprehensive 
quality control system, 
including reagent blanks, will 
be used to ensure that samples 
will not contaminated during 
handling, storage, and analysis. 

VI: Estimation of glucose 
disposal rate using formula: 
eGDR (mg/kg/min) = 24.31- ( 
12.22 *Waist/Hip Ratio)-( 3.29* 
HTN) -(0.57* HbA1c). 
According to the results our 
studied cases were classified into 
two groups: 
• Bisphenol positive group (52 

patients)  
• Bisphenol negative group (48 

patients). 
Statistical Analysis: 
     Statistical Package for Social 
Science (SPSS v20) was used after 
transforming the data from Excel 
2013 sheet. Categorical variables 
were presented by number and 
percent. They were compared 
using Chi-square test or Fischer's 

exact test when appropriate. 
Continuous variables were 
presented by mean and standard 
deviation or median and range. 
They were compared by student's 
t-test if parametric data and using 
Mann Whitney U test if non 
parametric data. In all tests, P 
value was considered significant if 
less than 0.05. 4- The ROC 
(receiver operating characteristic) 
curves, this procedure used to 
evaluate the performance of 
classification schemes in which 
there is one variable of two 
categories by which subjects are 
classified. They were constructed 
by calculating the sensitivities and 
specificities of the variable. The 
cutoff value with the highest 
accuracy was selected as the 
diagnostic cutoff points. 
     The point of the curve closest 
to the upper left corner presents 
the point at which the ability of 
the test is maximized and the 
number of erroneous diagnoses is 
minimized. 
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RESULTS 
     Our results will be demonstrated in the following table and figures: 
 
Table (1): Sociodemographic and clinical characteristics of the 

studied children 
Characteristics  

Age (years) 
Mean±SD 

 
12.9±2.24 

Age at diagnosis (years) 
Mean±SD 

 
5.33±2.25 

Diabetes duration (years) 
Mean±SD 

 
7.59±1.9 

Gender N (%) 
Male 51 (51%) 

Female 49 (49%) 
Consanguinity N (%) 

Positive 26 (26%) 
Negative 74 (74%) 

Family history of diabetes N (%) 
Positive 8 (8%) 
Negative 92 (92%) 

Weight (kg) 
Mean±SD 

 
43.2±11.4 

Height (cm) 
Mean±SD 

 
148.6±10.3 

(BMI) (kg/m2) 
Mean±SD 

 
19.3±3.7 

Waist  hip ratio 
Mean±SD 

 
0.74±0.043 

 
     Regarding anthropometric 
parameters (Wt, Ht, BMI and 
waist hip ratio) the mean value 

are within normal range 
according to mean age. 
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Table (2): Correlation between Sociodemographic characteristics 

and bisphenol result 

Bisphenol Positive 
N=52 

Negative 
N=48 P-Value 

Parameters Mean ±SD Mean ±SD  
Age (Years) 12.7 2.15 13.05 2.32 0.52 * NS 
Height (cm) 147.6 9.79 149.4 10.76 0.39 *NS 
Weight (kg) 41.3 7.67 44.9 13.8 0.11 *NS 

BMI 18.7 1.94 19.8 4.79 0.17 * NS 
waist/hip ratio 0.74 0.027 0.74 0.054 0.63 * NS 

Gender N (%) N (%)  
Male 26 50.0 25 52.1 0.48 * NS Female 26 50.0 23 47.9 

 
     This table shows no 
statistically significant difference 
regarding sociodemographic in 

bisphenol positive and negative 
group, (P>0.05). 

 
Table (3): Correlation between diabetes complications, laboratory 

results and urinary bisphenol 

Bisphenol Positive 
N=52 

Negative 
N=48 P-Value 

Parameters Mean ±SD Mean ±SD  
HBA1c (%) 7.013 0.79 5.8 0.56 <0.001 S 

Glucose disposal rate 
(mg/kg/min) 8.25 0.65 11.108 1.1 <0.001 S 

Cholesterol(mg/dl) 209.673 52.7 152.1 37.35 <0.001 S 
Triglyceride(mg/dl) 164.327 59.4 116.4 39.45 <0.001 S 

Diabetes complications 
 N % N %  

Micro albuminuria 10 19.23 2 4.1 0.003 S 
Hypertension 3 5.8 0 0.0 <0.001 S 

Peripheral neuropathy 2 3.8 0 0.0 <0.001 S 
Retinopathy 2 3.8 0 0.0 <0.001 S 

 
     Regarding the long term 
diabetes complications there was 
higher significant difference 

between positive bisphenol 
group and negative group, 
(P<0.05). 
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Figure (1): ROC (receiver operating characteristic) curve for glucose 

disposal rate 
 
     ROC curve for glucose 
disposal rate which show insulin 
resistance with the best cutoff 

rate at 11.72 with sensitivity 
75% and specificity 70.8, 
P<0.05. 

 
Table (4): Sensitivity and specificity of glucose disposal rate 

Marker Area under the 
Curve (95% CI) Significance Cutoff Sensitivity Specificity 

Glucose 
disposal 

rate 

0.776 
(0.692 to 0.861) <0.05 S 11.72 75% 70.8% 

ROC: Receiver operating characteristic curves,  
 

DISCUSSION 
     In our study, the frequency of 
normal weight diabetic children 
was 60% and only 5% were obese 
at the study time. This finding was 
similar to ISPAD (2000) and 
Ismail et al. (2008) where they 
stated that impaired growth and 

delayed puberty may not be 
associated with diabetes mellitus. 
     In our study there was a 
significant and positive correlation 
were found between BPA 
concentrations and prevalence of 
T1DM. Our finding is in 
agreement with Shankar et al., 
2011 and Silver et al. 2011 who 
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have showed strong positive 
associations between the urinary 
concentrations of BPA and 
diabetes in adults. Whereas in 
disagreement with Kilpatrick et 
al., (2009) which reported that 
there is no association between 
urine BPA levels and diabetes. 
     In another study, Lang et al. 
used NHANES (National Health 
and Nutrition Examination 
Survey) data from 2003/2004 and 
found that higher BPA 
concentrations in urine were 
associated with diabetes and 
cardiovascular diagnoses, but not 
with other common diseases 
(Lang et al., 2008). 
     Melzer, (2008) then analyzed 
NHANES data from a subsequent 
survey, from 2005/06, and found 
that in those years, BPA levels 
were lower than they had been in 
2003/2004. The association 
between BPA and diabetes was 
significant in pooled data (2003–
2006), but did not reach 
significance in 2005/06 alone. 
     In our study regarding 
correlation between bisphenol and 
serum Cholesterol and serum 
Triglyceride there were higher 
significant difference among 
bisphenol positive groups 
compared to bisphenol negative 
group, P<0.05, In agreement with 
Diana et al., 2019 findings. 

     However, a cross-sectional 
study conducted in Spain (n = 115, 
median age 12.6 years (10.5– 
15.4), did not find a correlation 
between bisphenol positive values 
and lipid levels (Atance et al., 
2013). 
     In our study, the optimal cut-
off value of glucose disposal rate 
whether presence of bisphenol or 
not with the best cutoff of glucose 
disposal rate at 11.72 (sensitivity 
75% and specificity 70.8, P<0.05). 
For comparison, in another study 
(Chillaron et al., 2009), an eGDR 
value < 8.77 had 100% sensitivity 
and 85.2% specificity for the 
diagnosis of bisphenol 
intoxication in T1DM patients. 
This difference may be due to 
poor glycemic control in our 
patients. 
     Also, the T1DM group with 
bisphenol negative in urine was 
found to have a higher mean GDR 
(11.108±1.1034) when compared 
to bisphenol positive group 
(8.25±0.65) indicating higher 
insulin resistance in patients with 
bisphenol positive. indicating 
negative correlation between GDR 
and insulin resistance. Similar to 
Chillarón et al., (2009) where 
GDR was higher in patients with 
bisphenol negative compared with 
those bisphenol positive, 
indicating higher IR in patients 
with chronic complications. 
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     In our study microalbuminuria 
was the most common 
microvascular complication in the 
studied group of adolescents with 
T1DM and it was present in 12% 
(12 patients). This is consistent 
with the study done by Chillarón 
and co-workers (2013) who 
stated that Diabetic nephropathy is 
the most frequently observed 
microvascular complication in 
adolescents with T1DM and the 
one with the earliest onset. 
     In earlier studies, 
microalbuminuria rates were 
reported to vary between 3% and 
25.4%, depending on diabetes 
duration (Harjutsalo et al., 2011). 
     While, Ismail et al., (2008) 
reported a prevalence of 
microalbuminuria was 9.6% in 
their study. 
     Gupta et al. reported that 
Microalbuminuria was present in 
38% and Normo-albuminuria in 
62% of the studied diabetic 
patients (Gupta et al., 2013). 
     In our study prevalence of 
peripheral neuropathy was found 
to be 2% (2 patients) among 
studied children. This is in 
agreement with Ismail et al., 
(2008) who reported a prevalence 
of neuropathy 3.1% in their study. 
     In our study retinopathy 
prevalence was 2% (2 patients). 
This result is comparable to 

Ismail et al. (2008) who reported 
incidence of retinopathy 4.1% in 
their study. 

 
CONCLUSION 

     Our results comes to prove the 
toxic effects of BPA on the 
children with type 1 DM, on 
diabetes complications 
(microalbuminuria, diabetes 
retinopathy, diabetes neuropathy 
and hyprtension),insulin resistance 
and poor glycemic control. 

RECOMMENDATION 

1. Increase the public awareness 
about the adverse harmful 
health effect of BPA including 
its effect on the health of 
children its common sources of 
exposure to avoid its toxic 
effect. 

2. All plastic feeding packing 
materials should be free from 
epoxy resin and other harmful 
types of plastics to avoid 
harmful effect. 

3. Health strategies should be 
implemented to reduce BPA 
consumption from different 
sources to mitigate its adverse 
effects on children with type 1 
DM. 
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ول فى البول ، الترابط بین مستویات البیسفین
، والتحكم فى نسبة السكر في ومقاومة الأنسولین

الدم ومضاعفات مرض السكري لدى الأطفال 
 ابین بالنوع الأول من داء السكرىالمص

 حمد عبدأ.د/ صبري م ،(بكالوریوس الطب والجراحة) *محمد مختار رمضان الغباشى
محمد بسیوني حمدون  د.، مھاود عبد اللطیف سلیمان** د. ھند ،العزیز غانم*

 یحیى***

 ،بالط قسم طب الأطفال** كلیة ،جامعة الأزھر القاھرة ،قسم طب الأطفال* كلیة الطب
 ةلقاھراجامعة الازھر  ،قسم الباثولوجیا الإكلینیكیة*** كلیة الطب، جامعة القاھرة

ن أكث�ر أكما یتضح من حقیق�ة نول موجود في كل مكان في بیئتنا، البیسفی         
موج�ودة ف�ي  BPA ٪ م�ن الأف�راد ل�دیھم مس�تویات قابل�ة للاكتش�اف م�ن90من 

نول في ، وھو الطریق الأساسي للإفراز عند البشر. تم العثور على البیسفیبولھم
ائل ف��ي مجموع��ة م��ن س��و، ویمك��ن قیاس��ھ دیثي ال��ولادة والأطف��ال والب��الغینح��

جة ، بم�ا ف�ي ذل�ك الب�ول وال�دم واللع�اب وأنس�جة المش�یمة والأنس�وأنسجة الجس�م
 .الدھنیة وحلیب الثدي

ول ع�ن الھدف من ھذه الدراسة ھو تقییم العلاقة بین التعرض للبیسفین الأھداف:
 تخدامطریق قیاس المس�تویات البولی�ة لم�ادة البیس�فینول ومقاوم�ة الأنس�ولین باس�

خدام ، والتحكم في نسبة السكر في الدم باس�تمن الجلوكوز معدل التخلص المقدر
یام القیم��ة المتوس��طة للھیموجل��وبین الس��كري ونس��بة الجلوك��وز بال��دم أثن��اء الص��

 .وبعد الأكل

دراسة مقطعیة وصفیة أجریت على الأطف�ال المص�ابین  الموضوعات والطرق:
ب��النوع الأول م��ن الس��كري المت��رددین عل��ى عی��ادة الغ��دد الص��ماء والس��كرعند 
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 ، مص�روكذا عی�ادةتشفى الأطف�ال ب�أبو ال�ریش، جامع�ة الق�اھرة، في مسالأطفال
ف��ى مستش��فى الحس��ین الج��امعى، جامع��ة  ،الغ��دد الص��ماء والس��كرعند الأطف��ال

. اش���تملت الدراس���ة عل���ى أطف���ال مص���ابین ب���النوع الاول م���ن ، مص���رالأزھ���ر
 .عامًا 18و  6السكري تتراوح أعمارھم بین 

± 12.9مش��اركین ف��ى البح��ث یت��راوح ك��ان متوس��ط عم��ر الأطف��ال ال النت��ائج:
س��نة.  2.25± 5.33ط العم��ر عن��د التش��خیص بالس��كر س��نة. وك��ان متوس�� 2.24

س��نة. كان��ت البیان��ات  1.9± 7.59متوس��ط م��دة م��رض الس��كري ل��دیھم وكان��ت 
مختبری���ة مث���ل الھیموجل���وبین الس���كري، ومع���دل ال���تخلص م���ن الجلوك���وز، ال

 یس�فینول، والدھون الثلاثیھ أعلى بین المجموعات الإیجابیة للبوكولیسترول الدم
 .، وكانت ذو دلالھ احصائیھنة بالمجموعة السلبیة للبیسفینولمقار

خلص م��ن الجلوك��وز س��واء ك��ان للتمیی��ز ب��ین مع��دل ال��ت ROC منحن��ى         
 11.72د وجود بیسفینول أم لا مع أفضل معدل قطع للتخلص م�ن الجلوك�وز عن�

 ).P <0.05 ، وكانت ذو دلالھ احصائیھ70.8٪ ونوعیة 75(حساسیة 

 :استنتاجات البحث

د صُنف الأطفال المصابون بداء السكري إلى مجموعتین من حی�ث وج�و         
ینول و طف�لاً إیجابیً�ا للبیس�ف 52ف�ي عین�ات الب�ول إل�ى  أو عدم وج�ود البیس�فینول

 .طفلاً سلبیاً من مادة البیسفینول 48

تخلص س�كري، ومع�دل ال�كانت البیانات المختبری�ة مث�ل الھیموجل�وبین ال         
أعل����ى ب����ین م����ن الجلوك����وز، والكولیس����ترول ف����ي ال����دم، و ال����دھون الثلاثی����ھ 

ك��ان بالمجموع��ة الس��البة للبیس��فینول والمجموع��ات الموجب��ة للبیس��فینول مقارن��ة 
 .الفرق ذو دلالھ احصائیھ
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ي مع��دل ال��تخلص م��ن الجلوك��وز لتبی��ین وج��ود بیس��فینول ف�� اس��تخدام ت��م         
دل منحن�ي قط�ع ال�تخلص م�ن الجلوك�وز وكان�ت أم لا بواس�طة اختب�ار مع�البول 

د ٪ ونوعیتھ عن�75وكانت حساسیة الاختبار عند ، 11.72افضل معدل ھو عند 
 .ھذا الاختبار لھا دلالھ احصائیھ ، وكانت نتیجة70.8

 :توصیات البحث

زیادة الوعي العام بالآثار الصحیة الضارة للبیسفینول بما في ذل�ك تأثیرھ�ا  .1
 .على صحة الأطفال من المصادر الشائعة لتعرضھا لتجنب تأثیرھا السام

خالیة من راتنج�ات  یجب أن تكون جمیع مواد التعبئة والتغلیف البلاستیكیة .2
 .الایبوكسي وأنواع البلاستیك الضارة الأخرى لتجنب تأثیرھا الضار

یج��ب تنفی��ذ اس��تراتیجیات ص��حیة لتقلی��ل اس��تھلاك البیس��فینول م��ن مص��ادر  .3
ول م�ن مختلفة للتخفیف من آثاره السلبیة على الأطفال المصابین بالنوع الأ

 السكر.
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