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ABSTRACT
Bisphenol A (BPA) is a monomer of polycarbonate plastics and is a ubiquitous responsible for environmental chemical
pollutant and can migrate from polymers to food or water. It is considered as an environmental obesogenic through
promoting adipogenesis, lipid accumulation and endocrinal disrupting chemicals (EDCs) altering adipokine hormone
release. The aim of this study was to assess the impact of BPA on lipid metabolism and its profile. This work included 85
females aging from 16 To 58 years, after application of exclusion criteria. Among them 48 females with BMI ≥ 25 kg/m2
(Gr-A) and 37 females with BMI< 25 kg/m2 (Gr-B). All participants were subjected to detailed questionnaire and a clinical
examination, sBPA, adiponectin, leptin hormones and lipid profile were assessed for all subjects. Results showed that the
level of BPA was higher in (Gr-A) compared to (Gr-B). A significantly high levels of leptin, cholesterol and LDL-c (p <
0.001) were recorded with significantly low levels of adiponectin (p < 0.001) & HDL-c (p<0.05) in (Gr-A) compared with
those of (Gr-B). There was a positively significant correlation between BMI & BPA, cholesterol, LDL-c, and leptin while
a negative one between BMI and adiponectin, HDL-c. If studied population was divided according to their BPA
concentration, the adiponectin was significantly lower in Gr I of high BPA concentration. However, adiponectin showed
a non-linear relationship across different BPA concentration. In conclusion, this study showed that BPA is closely linked
to obesity, in other words, it caused increasing in BMI via affecting the hormones responsible for lipid metabolism resulting
in alteration of lipid profile.
Keywords:
INTRODUCTION
BPA is a small molecule~(228 Da) , used as a monomer in
the polymerization reaction to manufacture polycarbonate
plastics. Polycarbonates are used in numerous consumer
products, including food and water containers, baby
bottles, lining of food and beverage metal cans, medical
tubing, epoxy resins, dental fillings and household
electronics1-3. It can migrate from polymers to food or
water, especially when heated4. The main route for
exposure of the general population to bisphenol A is by
ingestion of contaminated food and water5,6, dermal
exposure continues to increase, while inhalation of
polluted air is being limited7. It is also proved to be an
environmental obesogen altering energy balance,
promoting adipogenesis and lipid accumulation8, leading
to increased BMI and waist circumference9,10, resulting in
both general and central obesity BPA act as a hormonal
disruptor, disrupting many hormones likes adiponectin and
leptin that are regulate the energy intake in the long term1114
, causing alteration of several metabolic functions15-17.
BPA can mimic endogenous hormones, subsequently
disturb endocrine function18,19. BPA has a strong binding
affinity for the transmembrane estrogen receptor (ER), G-
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protein-coupled receptor 30 (GPR30), and estrogenrelated receptor (ERR)20,21. it can activate transcription
factors, such as peroxisome proliferator-activated
receptors PPARs) and the aryl hydrocarbon receptor
(AhR)22,23. Rustling in BPA may influence normal
differentiation and maturation processes during embryonic
and fetal development, predisposing individuals to chronic
disease, such as obesity, throughout the life span24,25.
Furthermore, In Vitro studies of 3T3-L1 cells, revealed that
BPA increased lipoprotein lipas(LPL) activity and
triacylglycerol accumulation resulted in the presence of
larger lipid droplets in the differentiated cells26.The aim of
this study is to assess the impact of BPA on lipid
metabolism and lipid profile
SUBJECT AND METHODS
Study population
This work included eighty five females; they were
recruited from the clinic of the National Research Centre
in Dokki, Cairo, Egypt. Fourty eight females aging (35. 8±
10.9) were suffering from various grades of obesity, with
BMI ≥ 25, (Gr A). Thirty seven females aging (34.2±10.2)
matched for age, sex, socioeconomic status and smoking
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Table 1: General characteristics of the study groups.
Variables
Gr A
BMI≥ 25
n=48
Mean ±SD
Age (years)
35. 8± 10.9
Weight (Kg)
87.6±16.2
Height (cm)
161.6±5.3
BMI (Kg/m2)
33.4±6.1
Waist circumference WC (cm)
95.4±13.3
Systolic blood pressure
117.19±11.43
Diastolic blood pressure
78.25±8.945
Data were expressed as mean±SD
**P<0.001 =highly significant
Table 2: Biochemical parameters of the study groups.
Parameter
Gr A
BMI≥ 25
n=48
Mean±SD
Bisphenol A (ng/ml)
1.7± 1.0
Adipokine hormones
9.2±5.66
Adiponectin
Leptin
30.8±22.2
Lipid profile
182.7±34.2
Total Cholesterol (mg/dl)
Triglyceride (TG) (mg/dl)
132.86±34.8
HDL- Cholesterol (mg/dl)
44.38±5.58
LDL - Cholesterol (mg/dl)
115.22±29.61
Data were expressed as mean±SD
**P<0.001 =highly significant, *P<0.05 = significant
Table 3: Correlation coefficient between BMI, and the
age, waist circumference, BPA, adipokine hormones,
lipid profile, and the blood pressure in the studied
groups.
Parameter
Body Mass Index (BMI)
r
p-value
Waist circumference cm 0.890
<0.001**
(WC)
Bisphenol A (ng/ml)
0.2
<0.05*
Adiponectin (µg/ml)
-0.3
<0.001**
Leptin (ng/ml)
0.223
<0.05*
Triglycerides (mg/dl)
0.28
<0.001**
Cholesterol (mg/dl)
0.38
<0.001**
HDL-Cholesterol (mg/dl)
-0.2
<0.05*
LDL-Cholesterol (mg/dl)
0.3
<0.001**
Blood Pressure
Systolic blood pressure
0.657
<0.001**
Diastolic blood pressure
0.433
<0.001**
** Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
habits with BMI < 25 were used as referent group (Gr B).
All subjects who had clinical history of past or present
diseases causing dyslipidemia, increasing blood pressure,
kidney or liver diseases, and diabetic history as well as
those who reported regular drug consumption were
excluded from this work. The study protocol was first

Gr B
BMI< 25
n=37
Mean ±SD
34.2±10.2
57.7±6.8
161.4±4.01
22.1±2.3
73.8±7.9
101.27±9.23
71.30±7.472

p-value

>0.05
< 0.001**
>0.05
< 0.001**
< 0.001**
< 0.001**
< 0.001**

Gr B
BMI<25
n=37
Mean±SD
1.5±0.4
13.6±7.4

p-value

19.5±15.5
155.8±23.08

< 0.001**
< 0.001**

112.88±24.7
57.03±26.4
89.4±29.5

<0.05*
<0.05*
< 0.001**

>0.05
< 0.001**

approved by the Ethical Committee of National Research
Centre, and that taken the number (13177). and all
participants gave their consents to participate in this work.
All participants were interviewed and subjected to a
detailed questionnaire including detailed past and present
medical and occupational histories. A clinical examination
was done for each one. The weight (Wt), height (Ht) and
waist circumference (WC) were measured and body mass
index (BMI) was calculated according to WHO27. Blood
pressure was measured for each individual. Whole blood
was centrifuged at 12000 rpm for 10 minutes using
(Heraeus Labofuge 400R) centrifuge to separate serum and
stored at -800c until analysis.
Biochemical analyses:
Estimation of serum Bisphenol A levels
Serum samples were analyzed for levels of BPA using
Glory Science for Human Bisphenol A (BPA) ELISA kit
according to manufactory’s instruction
Estimation of Adiponectin, and leptin
The concentration of serum adiponectin and leptin protein
was determined using (ASSAYPRO for human
adiponectin and leptin ELISA kit) according to operation
manual.
lipid profile
Serum Cholesterol were estimated using enzymatic
colorimetric method by human diagnostic kit according
to28, Triglycerides were determined using Kit from
Centronic, Germany, according to29, High Density
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Table 4: Distribution of BMI, WC, blood pressure, and the studied biochemical parameters according to BPA level in
the study subjects.
Parameter
Gr I
Gr II
p-value
(S.BPA≥ 1.9 ng/ml)
(S.BPA<1.9 ng/ml)
n=25
n= 60
mean±SD
mean±SD
BMI (kg/m2)
32.90± 7.56
26.97± 6.7
<0.001**
Waist circumference WC (cm)
93.80± 15.67
83.39± 14.7
<0.001**
Adipokine hormones Adiponectin
8.8±4.9
12.1± 7.3
<0.05*
Leptin (ng/ml)
25.3±18.6
25.5±20.9
>0.05
Lipid profile
Triglyceride (TG) (mg/dl)
132±31.2
120.6±32.6
>0.05
Total Cholesterol (mg/dl)
182.1±31.8
166.3± 32.3
<0.05*
HDL Cholesterol (mg/dl)
50.7± 25.4
49.6±15.6
>0.05
LDL Cholesterol (mg/dl)
111± 35.4
100 .8±30.6
>0.05
Blood Pressure
Systolic blood pressure
114.5±14.28
108.5± 12.32
>0.05
Diastolic blood pressure
77 ±10.3
74.48± 8.355
>0.05
Data were expressed as mean±SD
**P<0.001 =highly significant
*P<0.05 = significant
Lipoprotein Cholesterol were estimated using enzymatic
colorimetric method by human diagnostic kit according
to30, and Serum low density lipoprotein cholesterol (LDLC was calculated using the Friedwald’s formula.)
Statistical Analysis
Data were collected and analyzed using the statistical
package for social science (SPSS) program version 16.0.
Quantitative data were done using the Student’s t test and
ANOVA. The level of significance < 0.05 was used for
significant data and that of < 0.001 for highly significant.
RESULTS
As seen in table (1), there was no statistically significant
difference between group A and B concerning their age.
The mean levels of Wt, BMI, WC, systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were
significantly higher in GrA. It is quite apparent from table
(2) that the mean levels of leptin, total cholesterol and
LDL-C were significantly higher in Gr A, while that of
BPA was insignificantly higher in that group. The mean
levels of adiponectin and HDL-C were significantly lower
in Gr A than Gr B. mThere was a significant positive
correlation between BMI and both of BPA and leptin
levels (p< 0.05). A highly significant positive correlation
was found between BMI and waist circumference (W.C),
cholesterol, LDL-cholesterol and triglycerides (p<0.001).
A significant negative correlation was found between BMI
and both of adiponectin (p<0.001) and HDL-cholesterol
(p< 0.05) (table 3). The studied population was divided
according to their serum BPA concentrations to two
groups. Gr I with serum BPA concentration ≥1.9 ng/ml
and Gr II whose serum BPA concentration< 1.9 ng/ml. The
mean levels of BMI, WC, systolic and diastolic blood
pressure were higher in Gr I, compared to Gr II. The
difference was statistically significant only for BMI and
WC. On the other side the mean levels of cholesterol,
triglycerides and LDL-cholesterol were higher in Gr I
compared to Gr II. The difference was statistically

significant only for cholesterol, Also the mean level of
adiponectin was significantly lower in Gr I than that of Gr
II (p< 0.05) (table4). The study population was classified
into four groups, according to their serum BPA
concentration. Group 1 (Gr 1) was having the lowest
concentration of BPA < 1 ng/ml, while group 4(Gr 4)
included those with highest serum BPA concentration >
1.8 ng/ml. The mean levels of BMI were increasing with
increasing serum concentration of BPA with the exception
of 3rd group. Concerning the key of adipokine hormones,
adiponectin level showed a significant nonlinear relationship across the groups. As regards the mean levels of the
total cholestrol (TC) and the LDL-C both of them showed
crescendos decrease across the first three groups. Then
they increased in group 4 (Gr 4) with the highest
concentration serum BPA. The mean level of systolic
blood pressure showed an increase across the groups,
while it decreased in the 3 rd group, and their differences
were statistically significant (p <0.05) as seen in table (5).
DISCUSSION
The results of the present study revealed the presence of
Bisphenol A in the serum of all participants, which is going
with many studies31-33. As, they reported that BPA could
be detected in the blood and urine of most people
worldwide indicating its ubiquitous exposure. In humans,
body mass index (BMI) and obesity are two of the most
studied endpoints in regard to BPA exposure. The reviews
of34 and that of35 on BPA exposure and obesity in human
populations conflicting. Some studies observed a
statistically significant positive correlation between
urinary or serum BPA levels and BMI, and others observed
no correlation or association. Trasande et al.(2012)36
reported the possibility of individuals with increased BMI
have higher caloric intake and may be exposed to higher
concentrations of BPA through food packaging or other
lifestyle factors. In this study, the mean level of BPA in Gr
A (1. 7 ± 1.0 ng/ml) was higher than that of Gr B (1.5±0.4
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Table 5: Distribution of the mean levels of the measured anthropometric parameters, adipokine hormones, lipid profile,
and blood pressure, according to serum BPA concentration the studied groups.
Variables
(Gr 1)
(Gr 2)
(Gr 3)
(Gr 4)
P value
BPA<1ng/ml
BPA>
BPA
BPA>1.8 ng/ml
n=23
1-1.3ng/ml
<1.3-1.8 ng/ml
n=25
Mean ±S. D
n=11
n=26
Mean ±S. D
Mean ±S. D
Mean ±S. D
Age (years)
33.48±12.67
34.55±9.97
35.46±10.83
37.32±9.56
> 0.05
Weight (kg)
74.62±15.9
82.75±30
63.44±10.753
84.64±19.91
<0.001**
Height (cm)
162.30±5.26
160.73±5.27
162.50±4.84
160.37±4.14
> 0.05
BMI (kg/m2)
28.15±5.10
31.74±11
23.91±3.86
32.90±7.56
<0.001**
WC (cm)
86.09±13.00
91.36±24.4
77.63±7.68
93.80±15.67
<0.001**
Adipokine
12.66±8.11
7.25±4.47
13.49±6.98
8.89±4.95
< 0.05*
hormones
Adiponectin
Leptin
26.38±23.87
27.84±26.02
23.39±15.80
25.32±18.65
>0.05
Lipid profile
Triglyceride
124.47±44.475
121.73±20.79
116.65±23.813
131.96±31.16
>0.05
(TG) (mg/dl)
Total
174.30±39.91
172.55±32.24
157.23±22.11
182.16±31.83
< 0.05*
Cholesterol
(mg/dl)
HDL
45.96±7.048
45.27±3.636
54.73±21.837
50.68±25.437
>0.05
Cholesterol
(mg/dl)
LDL
113.78±32.33
106±32.70
88.12±22.41
111.12±35.42
< 0.05*
Cholesterol
(mg/dl)
Blood Pressure
Systolic blood 110.87±12.4
114.55±14.3
103.81±9.81
114.52±14.28
< 0.05*
pressure
Diastolic blood 75.35±9.60
77.09±9.00
72.62±6.61
77.00±10.30
>0.05
pressure
Data were expressed as mean±SD
**P<0.001 =highly significant
*P<0.05 = significant
ng/ml), but the difference was statistically insignificant
(p>0.05) (table 2), and there is a significant positive
correlation between BPA levels and BMI in the
participated women (r= 0.2, p<0.05) (table 3). This is
consistent with Takeuchi et al.(2004)9, who found that the
obese group had higher serum BPA concentrations than the
non-obese group. They also concluded that there was an
association between increased serum BPA levels and
increased BMI in women. Also, our results are in
accordance with those reported by10 and37, who found that
increased urinary BPA was significantly correlated with
increased BMI and WC. They also insured that BPA was
correlated with both general and central obesity in adults.
Furthermore, Zhao et al.(2012)38 detected that urinary
BPA was positively correlated with body weight, BMI, fat
mass even in non-obese persons. However, some
studies39,40 could not detect any relationship between BPA
and obesity indices. They explained their results by
considering obesity as a multifactorial disease and weight
gain often occurs at a slow rate, which makes it difficult to
establish a relationship between BPA level in serum
measured at one time point and fat volume accumulated
over years. diponectin is a hormone secreted exclusively

by adipocytes that regulates the metabolism of lipids and
glucose41. So, it protects against metabolic syndrome42,
which is characterized by the presence of abdominal
obesity, hypertriglyceremia and hypertension, glucose
intolerance, hyperinsulinemia, and is associated with
increased risk of diabetes and cardiovascular disease43. In
this work, we found that adiponectin mean level is
significantly lower in Gr A (9.2 ± 5.6) than that of Gr B
(13.6 ± 7.4) (table 2) and adiponectin levels showed
significant negative correlation with BMI (table 3). Our
results are in accordance with44,45, who concluded that,
although, adiponectin secreted from adipose tissue, is
inversely related to fat mass and it was found to be
decreased in obese. Also, our findings are consistent with
those of Cohen et al., (2011)61 who found that adiponectin
was lower among overweight and obese women compared
to non-obesewomen, and there was a monotonic reduction
in adiponectin over increasing BMI46. Moreover,
Kadowaki, Yamauchi47 found that adiponectin levels are
inversely associated with obesity and are found to be
decreased in individuals with increased adiposity through
down-regulation of adiponectin receptors47. This inverse
relation has been confirmed via our study (table 3), as

IJPCR, Volume 8, Issue 9: September 2016

Page 1326

Fateheya et al. / The Impact of…

adiponectin levels were significantly negatively correlated
with the BMI of the studied female participants (r=-0.3,
p<0.003). In contrast48, found no significant correlation
between serum adiponectin and BMI. Leptin, is a lipostatic
hormone that contributes to body weight regulation
through modulating feeding behavior and energy
expenditure49,50. Plasma leptin levels correlate positively
with adiposity, however, obese individuals commonly
develop ‘leptin resistance’ or tolerance causing a
hyperleptinemic state with a lack of leptin’s regulatory
effects51,52. Serum leptin concentration was shown to be
increased in humans with obesity, insulin resistance and
dyslipidemia53,54.
The
increased
serum
leptin
concentration in obesity was proposed to be secondary to
‘leptin resistance’ which is described as a reduced
sensitivity with respect to the anorectic response to
exogenously administrated leptin55. The mechanisms of
leptin resistance still remain unclear, but at least
3possibilities have been postulated to carry it: (a) an
inability of circulating leptin to reach its targets in the
brain; (b) reduction of LEPR expression; and/or (c) an
inhibition of the signaling events within selected neurons
in specific brain regions56-59. Furthermore, Lee, Reed,
Price60 demonstrated that leptin resistance is strongly
associated with extreme obesity and appears to be a
heritable trait. In our study, the leptin level was
significantly higher in group A (30.8 ± 22.2) than group B
(19.5 ± 15.5) (table 2). Also, its levels correlate positively
with increased BMI (r= 0.2, p<0.04) (table 2). Same results
were found by many authors46,48,61. They found that leptin
increased with increasing BMI and significantly correlates
with it. The same was even found in children by62, who
found that children with higher BMI had higher levels of
leptin and this made them eligible to develop adult obesity.
The incidence of obesity and its related disorders as
dyslipidemia, and hypertension have been constantly
increased, and also have been associated with adult BPA
exposure. In the present study, we observed dyslipidemia
in Gr A represented by significant higher triglycerides,
total cholesterol, LDL-C and lower HDL-C in Gr A than
those of Gr B (table 2). In addition, the triglycerides,
cholesterol, LDL showed positive significant correlation
with increasing BMI of the study groups, while HDL
showed a significant negative one. It was also detected that
obese group was having higher significant value of both
systolic and diastolic blood pressure compared to the nonobese (table 2). Our results could be related to the decrease
of adiponectin levels in obese individuals, which is
responsible for regulation of lipid and glucose41,42. The
dyslipedimic changes and hypertension associated with
obesity have been discussed by63,46. The former confirmed
that adiponectin and leptin DNA methylation correlates
with obesity and the lipid profile. The adiponectin and
leptin hormone levels was found to respond faster to
changes of BPA40, they found that BPA is related strongly
with adiponectin and leptin, but not to fat mass or fat
distribution in humans, suggesting that BPA may interfere
with hormonal control of hunger and satiety. In our work,
when the study subjects were divided into two groups
according to serum bisphenol A concentrations, we

observed a significant lower adiponectin level in the high
BPA Gr. than that of the low BPA Gr. Our findings are
strongly evidenced by12, who found that even low doses of
BPA exposure that are similar to environmental dose at
(0.1 &1 nM) inhibits adiponectin release that protects from
the sequelae of the metabolic syndrome in humans. They
also concluded that BPA at environmental concentrations
suppressed adiponectin release from human adipose tissue
explants as well as from isolated mature adipocytes.
Moreover, the suppressive effect of BPA on adiponectin
level was as effective, and often more effective, than
equimolar concentrations of 17 β- estradiol (E2).
Meanwhile, we observed that non- significant difference in
between the two groups, concerning their mean leptin
level, and this in accordance with64. The high bisphenol
group was having a dyslipidemic changes in the form of
higherlevels of serum cholesterol, LDL, TGs in compared
to the low one, which explains the higher blood pressure
observed in Gr. A individuals. The difference was
statistically significant only for serum cholesterol. Similar
results were obtained by31. They found that higher total
serum BPA was associated with higher levels of low
density lipoprotein (LDL-C), and cholesterol levels.
Additionally, BPA often exhibits a lack of linear dosedependent relationship, showing instead U-shaped or
inverted U-shaped curves. Consequently, lack of action, of
BPA at high doses to its presumed bioactivity at low doses
is unwarranted. As well as, BPA has been used as one of
the most frequent models for demonstrating the low dose
and non-monotonic nature of hormones that regulate or
affect the endocrine system65,66. Non-monotonic dose–
response curves (NMDRCs) indicate a change in the
direction (i.e. sign) of a dose–response curve slope. These
could be seen clearly in table 5, in which the
anthropometric measures followed this pattern and the
differences between groups were found significant. The
adipokine hormones showed the same pattern, however the
variability in adiponectin levels were the only one which
showed significance. The lipid profile showed the
NMDRCs pattern and the cholesterol and the LDL-C were
the two parameters that showed significance. The systolic
and diastolic blood pressure followed the Z- shaped pattern
and the significance was only for the systolic blood
pressure across the groups.
REFERENCES
1. Ben-Jonathan N, Steinmetz R. Xenoestrogens: the
emerging story of bisphenol A. Trends in
Endocrinology & Metabolism. 1998;9(3):124-128.
2. Welshons WV, Nagel SC, vom Saal FS. Large effects
from small exposures. III. Endocrine mechanisms
mediating effects of bisphenol A at levels of human
exposure. Endocrinology. 2006;147(6):s56-s69.
3. Vandenberg LN. Exposure to bisphenol A in Canada:
invoking the precautionary principle. Canadian
Medical Association Journal. 2011;183(11):12651270.
4. Le HH, Carlson EM, Chua JP, Belcher SM. Bisphenol
A is released from polycarbonate drinking bottles and
mimics the neurotoxic actions of estrogen in

IJPCR, Volume 8, Issue 9: September 2016

Page 1327

Fateheya et al. / The Impact of…

developing cerebellar neurons. Toxicology letters.
2008;176(2):149-156.
5. Kang J-H, Kondo F, Katayama Y. Human exposure to
bisphenol A. Toxicology. 2006;226(2):79-89.
6. Erler C, Novak J. Bisphenol a exposure: human risk
and health policy. Journal of pediatric nursing.
2010;25(5):400-407.
7. Lang IA, Galloway TS, Scarlett A, et al. Association of
urinary bisphenol A concentration with medical
disorders and laboratory abnormalities in adults. Jama.
2008;300(11):1303-1310.
8. Grun F, Blumberg B. Environmental obesogens:
organotins and endocrine disruption via nuclear
receptor signaling. Endocrinology. 2006;147(6):s50s55.
9. Takeuchi T, Tsutsumi O, Ikezuki Y, Takai Y, Taketani
Y. Positive relationship between androgen and the
endocrine disruptor, bisphenol A, in normal women
and women with ovarian dysfunction. Endocrine
journal. 2004;51(2):165-169.
10. Carwile JL, Michels KB. Urinary bisphenol A and
obesity: NHANES 2003–2006. Environmental
research. 2011;111(6):825-830.
11. Miyawaki J, Sakayama K, Kato H, Yamamoto H,
Masuno H. Perinatal and postnatal exposure to
bisphenol a increases adipose tissue mass and serum
cholesterol level in mice. Journal of atherosclerosis and
thrombosis. 2007;14(5):245-252.
12. Hugo ER, Brandebourg TD, Woo JG, Loftus J,
Alexander JW, Ben-Jonathan N. Bisphenol A at
environmentally relevant doses inhibits adiponectin
release from human adipose tissue explants and
adipocytes.
Environ
Health
Perspect.
2008;116(12):1642-1647.
13. Ben-Jonathan N, Hugo ER, Brandebourg TD. Effects
of bisphenol A on adipokine release from human
adipose tissue: Implications for the metabolic
syndrome. Molecular and cellular endocrinology.
2009;304(1):49-54.
14. Somm E, Schwitzgebel VM, Toulotte A, et al. Perinatal
exposure to bisphenol a alters early adipogenesis in the
rat. Environ Health Perspect. 2009;117(10):1549-1555.
15. Alonso-Magdalena P, Morimoto S, Ripoll C, Fuentes
E, Nadal A. The estrogenic effect of bisphenol A
disrupts pancreatic β-cell function in vivo and induces
insulin resistance. Environmental health perspectives.
2006:106-112.
16. Masuno H, Iwanami J, Kidani T, Sakayama K, Honda
K. Bisphenol a accelerates terminal differentiation of
3T3-L1 cells into adipocytes through the
phosphatidylinositol 3-kinase pathway. Toxicological
Sciences. 2005;84(2):319-327.
17. Sakurai K, Kawazuma M, Adachi T, et al. Bisphenol A
affects glucose transport in mouse 3T3‐F442A
adipocytes. British journal of pharmacology.
2004;141(2):209-214.
18. Gould JC, Leonard LS, Maness SC, et al. Bisphenol A
interacts with the estrogen receptor α in a distinct
manner from estradiol. Molecular and cellular
endocrinology. 1998;142(1):203-214.

19. Kuiper GG, Lemmen JG, Carlsson B, et al. Interaction
of estrogenic chemicals and phytoestrogens with
estrogen
receptor
β.
Endocrinology.
1998;139(10):4252-4263.
20. Thomas P, Dong J. Binding and activation of the seventransmembrane estrogen receptor GPR30 by
environmental estrogens: a potential novel mechanism
of endocrine disruption. The Journal of steroid
biochemistry and molecular biology. 2006;102(1):175179.
21. Takayanagi S, Tokunaga T, Liu X, Okada H,
Matsushima A, Shimohigashi Y. Endocrine disruptor
bisphenol A strongly binds to human estrogen-related
receptor γ (ERRγ) with high constitutive activity.
Toxicology letters. 2006;167(2):95-105.
22. Sui Y, Ai N, Park S-H, et al. Bisphenol A and its
analogues activate human pregnane X receptor.
Environmental health perspectives. 2012;120(3):399.
23. Krüger T, Long M, Bonefeld-Jørgensen EC. Plastic
components affect the activation of the aryl
hydrocarbon and the androgen receptor. Toxicology.
2008;246(2):112-123.
24. Bateson P, Barker D, Clutton-Brock T, et al.
Developmental plasticity and human health. Nature.
2004;430(6998):419-421.
25. Jirtle RL, Skinner MK. Environmental epigenomics
and disease susceptibility. Nature reviews genetics.
2007;8(4):253-262.
26. Masuno H, Kidani T, Sekiya K, et al. Bisphenol A in
combination with insulin can accelerate the conversion
of 3T3-L1 fibroblasts to adipocytes. Journal of lipid
research. 2002;43(5):676-684.
27. Organization WH. Obesity: preventing and managing
the global epidemic: World Health Organization; 2000.
28. Richmond W. Preparation and properties of a
cholesterol oxidase from Nocardia sp. and its
application to the enzymatic assay of total cholesterol
in serum. Clinical chemistry. 1973;19(12):1350-1356.
29. Fossati P, Prencipe L. Serum triglycerides determined
colorimetrically with an enzyme that produces
hydrogen
peroxide.
Clinical
chemistry.
1982;28(10):2077-2080.
30. Gordon T, Castelli WP, Hjortland MC, Kannel WB,
Dawber TR. High density lipoprotein as a protective
factor against coronary heart disease: the Framingham
Study. The American journal of medicine.
1977;62(5):707-714.
31. Olsen L, Lind L, Lind PM. Associations between
circulating levels of bisphenol A and phthalate
metabolites and coronary risk in the elderly.
Ecotoxicology and environmental safety. 2012;80:179183.
32. Zhang Z, Alomirah H, Cho H-S, et al. Urinary
bisphenol A concentrations and their implications for
human exposure in several Asian countries.
Environmental
science
&
technology.
2011;45(16):7044-7050.
33. Ko A, Hwang M-S, Park J-H, Kang H-S, Lee H-S,
Hong J-H. Association between Urinary Bisphenol A

IJPCR, Volume 8, Issue 9: September 2016

Page 1328

Fateheya et al. / The Impact of…

and Waist Circumference in Korean Adults.
Toxicological research. 2014;30(1):39-44.
34. Oppeneer SJ, Robien K. Bisphenol A exposure and
associations with obesity among adults: a critical
review. Public health nutrition. 2015;18(10):18471863.
35. Rochester JR. Bisphenol A and human health: a review
of the literature. Reproductive toxicology.
2013;42:132-155.
36. Trasande L, Attina TM, Blustein J. Association
between urinary bisphenol A concentration and obesity
prevalence in children and adolescents. Jama.
2012;308(11):1113-1121.
37. Shankar A, Teppala S. Urinary bisphenol A and
hypertension in a multiethnic sample of US adults.
Journal of environmental and public health. 2012;2012.
38. Zhao H-y, Bi Y-f, Ma L-y, et al. The effects of
bisphenol A (BPA) exposure on fat mass and serum
leptin concentrations have no impact on bone mineral
densities in non-obese premenopausal women. Clinical
biochemistry. 2012;45(18):1602-1606.
39. Akın L, Kendirci M, Narin F, et al. The endocrine
disruptor bisphenol A may play a role in the
aetiopathogenesis of polycystic ovary syndrome in
adolescent girls. Acta Paediatrica. 2015;104(4):e171e177.
40. Rönn M, Lind L, Örberg J, et al. Bisphenol A is related
to circulating levels of adiponectin, leptin and ghrelin,
but not to fat mass or fat distribution in humans.
Chemosphere. 2014;112:42-48.
41. Stefan N, Stumvoll M. Adiponectin--its role in
metabolism and beyond. Hormone and metabolic
research=
Hormon-und
Stoffwechselforschung=
Hormones et métabolisme. 2002;34(9):469-474.
42. Kadowaki T, Yamauchi T, Kubota N, Hara K, Ueki K,
Tobe K. Adiponectin and adiponectin receptors in
insulin resistance, diabetes, and the metabolic
syndrome. The Journal of clinical investigation.
2006;116(7):1784-1792.
43. Ritchie S, Connell J. The link between abdominal
obesity, metabolic syndrome and cardiovascular
disease. Nutrition, Metabolism and Cardiovascular
Diseases. 2007;17(4):319-326.
44. Diez JJ, Iglesias P. The role of the novel adipocytederived hormone adiponectin in human disease.
European Journal of endocrinology. 2003;148(3):293300.
45. Ukkola O, Santaniemi M. Adiponectin: a link between
excess adiposity and associated comorbidities? Journal
of molecular medicine. 2002;80(11):696-702.
46. Matsubara M, Maruoka S, Katayose S. Inverse
relationship between plasma adiponectin and leptin
concentrations in normal-weight and obese women.
European Journal of Endocrinology. 2002;147(2):173180.
47. Kadowaki T, Yamauchi T. Adiponectin and
adiponectin
receptors.
Endocrine
reviews.
2005;26(3):439-451.
48. Kuo S, Halpern M. Lack of association between body
mass index and plasma adiponectin levels in healthy

adults.
International
journal
of
obesity.
2011;35(12):1487-1494.
49. Zhang Y, Proenca R, Maffei M, Barone M, Leopold L,
Friedman JM. Positional cloning of the mouse obese
gene and its human homologue. nature.
1994;372(6505):425-432.
50. Maffei M, Fei H, Lee G-H, et al. Increased expression
in adipocytes of ob RNA in mice with lesions of the
hypothalamus and with mutations at the db locus.
Proceedings of the National Academy of Sciences.
1995;92(15):6957-6960.
51. Considine RV, Sinha MK, Heiman ML, et al. Serum
immunoreactive-leptin concentrations in normalweight and obese humans. New England Journal of
Medicine. 1996;334(5):292-295.
52. Ong KK, Loos RJ. Rapid infancy weight gain and
subsequent obesity: systematic reviews and hopeful
suggestions. Acta Paediatrica. 2006;95(8):904-908.
53. Girard J. Is leptin the link between obesity and insulin
resistance? Diabetes & metabolism. 1997;23:16-24.
54. Мirrakhimov EМ, Kerimkulova AS, Lunegova ОS, et
al. The association of leptin with dyslipidemia, arterial
hypertension and obesity in Kyrgyz (Central Asian
nation) population. BMC research notes. 2014;7(1):1.
55. Scarpace PJ, Zhang Y. Leptin resistance: a prediposing
factor for diet-induced obesity. American Journal of
Physiology-Regulatory, Integrative and Comparative
Physiology. 2009;296(3):R493-R500.
56. Myers MG, Cowley MA, Münzberg H. Mechanisms of
leptin action and leptin resistance. Annu. Rev. Physiol.
2008;70:537-556.
57. Münzberg H, Björnholm M, Bates S, Myers Jr M.
Leptin receptor action and mechanisms of leptin
resistance. Cellular and Molecular Life Sciences.
2005;62(6):642-652.
58. Enriori PJ, Evans AE, Sinnayah P, et al. Diet-induced
obesity causes severe but reversible leptin resistance in
arcuate melanocortin neurons. Cell metabolism.
2007;5(3):181-194.
59. Münzberg H, Myers MG. Molecular and anatomical
determinants of central leptin resistance. Nature
neuroscience. 2005;8(5):566-570.
60. Lee J, Reed D, Price R. Leptin resistance is associated
with extreme obesity and aggregates in families.
International Journal of Obesity & Related Metabolic
Disorders. 2001;25(10).
61. Cohen SS, Gammon MD, Signorello LB, et al. Serum
adiponectin in relation to body mass index and other
correlates in black and white women. Annals of
epidemiology. 2011;21(2):86-94.
62. Nishimura R, Sano H, Matsudaira T, et al. Changes in
body mass index, leptin and adiponectin in Japanese
children during a three-year follow-up period: a
population-based cohort study. Cardiovascular
diabetology. 2009;8(1):30.
63. Houde A-A, Légaré C, Biron S, et al. Leptin and
adiponectin DNA methylation levels in adipose tissues
and blood cells are associated with BMI, waist girth and
LDL-cholesterol levels in severely obese men and
women. BMC medical genetics. 2015;16(1):1.

IJPCR, Volume 8, Issue 9: September 2016

Page 1329

Fateheya et al. / The Impact of…

64. Johnson S, Painter M, Javurek A, et al. Sex-dependent
effects of developmental exposure to bisphenol A and
ethinyl estradiol on metabolic parameters and
voluntary physical activity. Journal of developmental
origins of health and disease. 2015;6(06):539-552.
65. Vandenberg LN, Colborn T, Hayes TB, et al.
Hormones and endocrine-disrupting chemicals: low-

dose effects and nonmonotonic dose responses.
Endocrine reviews. 2012.
66. Vandenberg LN, Colborn T, Hayes TB, et al.
Regulatory decisions on endocrine disrupting
chemicals should be based on the principles of
endocrinology. Reproductive Toxicology. 2013;38:115

IJPCR, Volume 8, Issue 9: September 2016

Page 1330

