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Abstract Obesity is complex heterogeneous disease controlled by genes, environmental fac-
tors, and their interaction. Genetic factors account for 40e90% of the body mass index
variations. Body mass index (BMI) of children correlates more closely with maternal than
paternal BMI. So, this studu was aimed to investigate the role of leptin receptor LEPR Gln223Arg,
the uncoupling protein 2 (UCP2 G 866 A) and insulin receptor gene (INSR exon 17) polymorphisms
in the pathogenesis of obesity. A cross-sectional study executed on 130 children and their obese
mothers; classified into 2 groups according to their BMI. The 2 groups were evaluated regarding
the anthropometry. Restriction fragment length analysis for LEPR Gln223Arg, UCP2 -866 G/A and
INSR exon 17 polymorphisms were applied. It was reported that increased risk of obesity was
found in LEPR AGþ AA genotype and the A allele. Significant statistical difference was detected
only in female children. Concerning UCP2, the AG followed by the GG genotype was the most
frequent in all groups and the G allele was the mostly present in obese mothers and obese male
children but with no statistical significance. There was difference in the INSR genotype and al-
leles between groups, but this difference was not statistically significant. This study concluded
that the LEPR Gln223Arg, UCP2 G 866 A and INSR exon 17 polymorphisms are related to obesity in
Egyptian population. Further researches on larger population are recommended to ascertain the
implications of LEPR, UCP2 and INSR polymorphisms in obesity.
Copyright ª 2017, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
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Introduction

Obesity prevalence has increased all over the world as a
pandemic.1 Obesity is a multifactorial disease, controlled
by genetic and environmental factors as well as the
complex interactions among them. Approximately 118
candidate genes are associated with obesity.2 Some of
them are genes encoding leptin (LEP), leptin receptor
(LEPR), uncoupling proteins (UCP) and insulin receptor
(INSR) gene.

Body weight regulation and stability depends upon an
axis with three interrelated components: food intake,
energy expenditure and adiposeness.3 The most important
factor leptin; an endogenous hormone; decreases appe-
tite and increases energetic consumption and insulin, with
its peripheral regulating role.4 Leptin controls lipid ho-
meostasis effect by binding to leptin receptor (LEPR),
belongs to class I cytokine receptor family. The long iso-
form LEPRb plays a key role in body weight regulation
expressed in the hypothalamus.5 It was reported that
allele frequencies in the Gln223Arg variant of the LEPR
gene are characterized by a significant population of
origin effect.6 Hence, LEPR Gln223Arg polymorphism may
be expected to have more impact on risk of obesity in the
developing countries with a much higher percentage of
obese women as in Egypt.

Uncoupling proteins (UCP) is associated with energy
and maintain fatty acid homeostasis. Uncoupling protein
UCP2 is considered as candidate genes for obesity. This is
due to reduce energy expenditure by increasing coupling
of oxidative phosphorylation, thereby contributing to the
development of obesity.7 The most interesting poly-
morphisms in UCP2 gene is 866G/A (rs659366) in the
promoter region. Development and progression of dia-
betes and obesity phenotypes are related by UCP2
�866 G > A.8

Insulin resistance and obesity are interrelated.9 More-
over, insulin resistance may occur secondary to resistance
at the insulin receptor. Insulin receptors expressed in the
brain were found to reduce food intake. The most impor-
tant polymorphism for INSR gene is at exon 17 which is
necessary for insulin signal transduction as it has been
shown mutation in exon 17 of the INSR causes severe insulin
resistance and hyperinsulinemia.10

The aim of the present study was to explore the role of
leptin receptor LEPR Gln223Arg, uncoupling proteins UCP2
866G/A and insulin receptor INSR axon 17 polymorphisms;
at genetic level; in the pathogenesis of obesity. Since a
large proportion of adult obesity starts during childhood,
the differences in genotype and allele frequencies in obese
mothers and in juvenile obesity were examined.

Subjects and methods

Subjects

This study was derived from a cross-sectional survey
through a project funded by National Research Centre
(NRC) Egypt: entitled “Familiar Overweight and Obesity in
Children and Adolescents: Diagnostic Clinical, Behavioral,
Genetic and Biochemical Markers and Intervention” (10th
Research Plan of the NRC); after taking approval from
Ethical Committee of NRC (Registration Number is 13/168).
It was carried in the “Medical Excellence Research Center
(MERC)” through the period 2013e2016.

It included 130 children of both sexes (74 males and 56
females) and their mothers. All the mothers were obese;
their BMI above 30 kg/m2. While the children were classi-
fied into 2 groups according to their BMI: 32 obese children
with BMI above 95th percentile (12 males and 20 females)
and 98 normal weight children with BMI ranged between
15th and 85th percentiles (62 males and 36 females) ac-
cording to the Egyptian Standard Growth Curves11 for cor-
responding age and sex. According to the child BMI, the
mothers were reclassified into 2 groups: group I included
obese mothers and their children are obese (32 mothers),
and group II included obese mothers and their children
were of normal healthy weight (98 mothers).

The mothers were chosen randomly from all categories
of the employee (at the National Research Centre (NRC))
and their relatives and neighbors. They participated in the
study after signing a written informed consent form of the
Medical Ethical Committee of NRC. The age range of the
children was 5e18 years with a mean age 10.83 þ 3.82. All
participants were informed about the purpose of the study
and their permission in the form of written consent was
obtained.
Methods

Anthropometric measurements including weight, height,
and body mass index (BMI) of all the children and their
mothers were conducted; in addition to the genetic
analysis.

Anthropometric measurements
Weight was measured using a commercial scale (Seca Scale,
Germany) with accuracy up to nearest 100 g. The subjects
were asked to remove their footwear and wear minimal
clothes before weighing them. Standing body height was
measured, to the nearest 0.1 cm by using Holtain Stadi-
ometer with the shoulder in a relaxed position and arms
hanging freely and without shoes. The scales were recali-
brated after each measurement following the recommen-
dations of the International Biological Program.12 Body Mass
Index (BMI) was calculated as body weight in kilograms/
height in meter2. Children BMI percentile was calculated
according to their age and sex based on the Egyptian
Growth Reference Charts.11 A child with BMI below 85th
percentile was considered healthy weight, with BMI be-
tween 85th and 95th percentile overweight and those with
BMI �95th percentile obese. While mothers with BMI below
25 kg/m2 were considered healthy weight, with
25 � BMI � 29.9 kg/m2 overweight and with BMI �30 kg/m2

were considered obese.

Genetic analysis
DNA extraction and genotyping. Genomic DNA was
extracted from peripheral blood by using DNA extraction
and purification kit (Qiagen) according to the manufac-
turer’s protocol. The concentration of genomic DNA was
determined by the quantitative method based on the
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optical density measurement. The purity was determined
by calculation the ratio of absorbance at 260 nm to absor-
bance at 280 nm (A260/A280). Genotyping of polymorphism
was carried out by polymerase chain reaction-restriction
fragment length polymorphism assay (PCR-RFLP). Specific
primers upstream and downstream to amplify target
sequences gene was selected according to the GENBANK
databank. The PCR was carried out using thermocycler
(Icycler 5, BioRad, USA) according to the optimized
conditions. In a total volume of 30 ml reaction, PCR
components comprised of 100 ng DNA, 1X Taq buffer,
2 mM MgCl2, 0.2 mmol/l each of dNTPs, 0.5 U Taq DNA
polymerase and 10 pmol each of the SNP detection
primers. Thermal cycling was performed as follows for
Leptin receptor polymorphism (Gln223Arg); initial
denaturation at 94 �C for 45 s, annealing at 55 �C for
45 s, and extension at 72 �C for 90 s, for 30 cycles. The
cycling profile for UCP2 �866G/A (rs659366)
polymorphism in the promoter region consisted of;
denaturation at 95 �C for 1 min, annealing at 55 �C for
1 min and extension at 72 �C for 1 min, with initial
denaturation at 94 �C for 4 min and final extension at
72 �C for 10 min. For INSR at the 30 end of exon 17 the
cycling parameters were; denaturation at 95 �C for 1 min,
annealing at 55 �C for 1 min and extension at 72 �C for
1 min, with initial denaturation at 94 �C for 4 min and
final extension at 72 �C for 10 min. Amplified PCR
products were digested with the corresponding restriction
enzyme to check polymorphism by RFLP assay; Msp I
(LEPR), mlu1 (UCP2) and PmlI (INSR). The digested PCR
fragments along with DNA ladder were resolved by
electrophoresis using 3% agarose gel. The gel was run at
120 V for 1 h. After that, the gel was placed in a Gel
Documentation System (GDS) to visualize the digested
PCR fragments under UV light (Molecular Imager Gel
DocTM XR þ Systems with Image LabTM 2.0 Software,
BioRad, USA).13,14

Statistical analysis

Data analysis was carried out using the statistical package
for social science (SPSS) software version 16 (Chicago, IL,
USA). Evaluation of the statistical normal distribution of the
Table 1 Comparison between the anthropometric measuremen

Group I

N Mean þ
Mothers Weight (Kg) 32 90.18 1

Height (cm) 32 159.63 7
BMI (Kg/cm2) 32 35.35 5

Children
Males Weight (Kg) 12 70.77 3

Height (cm) 12 151.00 2
BMI (Kg/cm2) 12 36.18 6

Females Weight (Kg) 20 50.86 2
Height (cm) 20 139.60 1
BMI (Kg/cm2) 20 25.61 4

*P > 0.05 Z significant differences.
**P < 0.01 Z highly significant differences.
variables was done using KolmogoroveSmirnov Goodness of
Fit Test. The variables have asymmetric distribution
(P < 0.05). Frequency distribution of the genotypes and
alleles was presented as percentage. Chi-square test was
used in comparing qualitative data. Statistical significance
was set at P < 0.05.

Results

Anthropometric assessment

Mothers with obese children (group 1) had significantly
higher weight than those with normal weight children
(group 2); however, there were insignificant differences in
height and BMI between the 2 groups of mothers. Obese
males and females (group 1) had significantly higher weight
and BMI than normal weight ones (group 2); inspite of the
insignificant differences in height in either sex (Table 1)

Genotype comparisons

a) Mothers

Table 2 shows the distribution of genotypes for; Leptin re-
ceptor polymorphism (Gln223Arg), UCP2 (866) A/G gene
polymorphism and INSR at the 30 end of exon 17, in the
group (I) and (II) of obese mothers. Among the obese
mothers with obese children group (group I), regarding
leptin genotype, homozygous (AA) predominate as it was
56.2% followed by the heterozygous (AG) 43.8% and homo-
zygous (GG) was undetected. While in the group of obese
mothers with normal children (group II); the heterozygous
genotype (AG) was the most prevalent, 53.1%, then the
homozygous (AA), 44.9%, and (GG), 2%. The UCP2 (866) A/G
gene polymorphism we found that, in both group of
mothers the heterozygous genotype (AG) was the most
frequent 56.2% and 63.3%, followed by the homozygous
(GG) 37.5% and 26.5% then (AA), 6.2% and 10.2%; in group I
and II respectively. Analysis of INSR at the 30 end of exon 17;
showed that, the heterozygous genotype (CT) represented
the highest frequency in the two groups of obese mothers,
43.8% and 59.4% followed by the homozygote genotype (TT)
ts of the sample under study.

Group II P

SD N Mean þSD

6.06 98 81.48 11.81 0.007**
.47 98 156.98 6.03 0.076
.72 98 33.16 5.36 0.052

2.08 62 39.400 21.7249 0.000**
0.21 62 140.90 18.26 0.107
.18 62 17.82 4.89 0.000**
2.66 36 40.06 19.06 0.045*
6.01 36 140.64 20.44 0.839
.05 36 17.56 3.74 0.000**



Table 2 Comparison between the genotypes of the
mothers in the 2 groups.

Genotype Obese mothers Chi-square P

Group I
(N Z 32)

Group II
(N Z 98)

N % N %

LEPR AA 18 56.2 44 44.9 0.336
AG 14 43.8 52 53.1
GG 0.0 0.0 2 2.0

UCP2 AA 2 6.2 10 10.2 0.454
AG 18 56.2 62 63.3
GG 12 37.5 26 26.5

INSR TT 12 37.5 26 26.5 0.312
CT 14 43.8 58 59.2
CC 6 18.8 14 14.3

Table 3 Comparison between the genotypes of the male
children in the 2 groups.

Genotype Male children Chi-square P

Group I
(N Z 12)

Group II
(N Z 62)

N % N %

LEPR AA 6 50.0 20 32.3 0.197
AG 6 50.0 42 67.7
GG 0.0 0.0 0.0 0.0

UCB2 AA 2 16.7 2 3.2 0.121
AG 8 66.7 36 58.1
GG 2 16.7 24 38.7

INSR TT 0.0 0.0 6 9.7 0.050
CT 6 50.0 44 71.0
CC 6 50.0 12 19.4

Table 4 Comparison between the genotypes of the fe-
male children in the 2 groups.

Genotype Female children Chi-square P

Group I
(N Z 20)

Group II
(N Z 36)

N % N %

LEPR AA 10 50.0 8 22.2 0.033
AG 10 50.0 28 77.8
GG 0.0 0.0 0.0 0.0

UCP2 AA 0.0 0.0 24 66.7 0.619
AG 12 60.0 12 33.3
GG 8 40.0 0.0 0.0

INSR TT 0.0 0.0 4 11.1 0.156
CT 14 70.0 22 61.1
CC 6 30.0 10 27.8
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37.5% and 26.5%; while the homozygote (CC) genotype was
18.8% and 14.3%; in group (I) and (II) respectively. Statis-
tical analysis revealed insignificant differences in fre-
quencies of genotype distribution between mothers of
either obese or non-obese children.

b) Siblings

Table 3 shows comparison between obese and non-obese
male children in their genotype. Leptin receptor poly-
morphism results demonstrated increased frequency of
(AA) genotype in obese than non obese male children (50%
and 32.3% respectively). In contrast, there was an
increased frequency of the heterozygous (AG) genotype in
non obese male children than in obese (67.7% and 50%
respectively). The homozygous GG wasn’t present in the
two groups. The UCP2 (866) A/G gene polymorphism in the
male children revealed the existence of the three genotype
in obese (group I) and non obese (group II) children as
follow: (AA) genotype 16.7% vs 3.2%, (AG) genotype 66.7%
vs 58.1%, and (GG) genotype 16.7% vs 38.1%. While INSR
genotype at the 30 end of exon 17 was detected in the obese
males as 0.0% homozygous (TT), 50% heterozygous (CT) and
50% the homozygous (CC) compared to the non obese
males, the results were 9.7% homozygous (TT), 71% het-
erozygous (CT) and 19.4% homozygous (CC). These differ-
ences in genotype distribution didn’t attain any statistical
significance.

Table 4 demonstrated that; comparing the genotype
distribution in obese (group I) and non obese (group II) fe-
male children. Concerning Leptin receptor, results showed
that; in obese, the homozygous (AA) and the heterozygous
(AG) genotype were equally presented (50%); while in non
obese female children, the heterozygous (AG) was more
frequent than the homozygous (AA) (77.8% and 22.2%
respectively). The homozygous GG was not present in fe-
male children studied. When comparing the female chil-
dren group I and II, for UCP2; results revealed that, the
frequency of the homozygous (AA) was 0.0% and 66.7%,
respectively, the heterozygous (AG), 60% and 33.3%
respectively and the homozygous (GG) 40% and 0.0%
respectively. While analysis of INSR at the 30 end of exon 17;
in female children; the obese group genotyping were; un-
detected homozygous (TT), 70% heterozygous (CT) and 30%
homozygous (CC). While in the non-obese group 11.1% ho-
mozygous (TT), 61.1% heterozygous (CT) and the (CC) ho-
mozygous genotype was 27.8%. Statistical significant
differences in frequency of genotype were detected in case
of leptin receptor only.

Frequency of different alleles

a) Mothers

The presence of alleles between mothers of obese children
(group I) and non-obese children (group II) for Leptin re-
ceptor (Gln223Arg) were as follow: the A allele 100% vs 98%
(P Z 0.41), the G allele, 43.8% vs 55.1% (P Z 0.26) in group
I and II respectively. The alleles of the UCP2 (866G/A) were
presented as; A allele 62.5% vs 73.5% (P Z 0.23) and G
allele 93.8% vs 89.8% (P Z 0.50) in group I and II respec-
tively. The distribution of alleles of INSR at the 30 end of
exon 17 was; C allele 62.5% vs 73.5% (P Z 0.23) and T allele
81.2% vs 85.7% (P Z 0.54) in group I and II respectively
(Table 5).



Table 5 Comparison between the presences of alleles
(present/absent)of the Mothers in the 2 groups.

Alleles Mothers Chi-square P

Group I
(N Z 32)

Group II
(N Z 98)

N % N %

LEPR A 32 100 96 98.0 0.415
G 14 43.8 54 55.1 0.264

UCP2 A 20 62.5 72 73.5 0.236
G 30 93.8 88 89.8 0.502

INSR C 20 62.5 72 73.5 0.236
T 26 81.2 84 85.7 0.543
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b) Siblings

Table 6, shows the results of alleles distribution among
obese (group I) and non obese (group II) male children.
Regarding Leptin; the frequency of the A allele was high in
both groups (100%) than the G allele as it is presented in
50% of group I and 67.7% group II (P Z 0.23). In case of
UCP2; the frequency of the A allele was 83.3% vs 61.3%
(P Z 0.14) whereas the frequency of the G allele was 83.3%
vs 96.8% (P Z 0.059) in group I and II respectively. Con-
cerning INSR, the frequency of the C allele was 100% vs
90.3% (P Z 0.26); and T alleles frequency was 50% vs 80.6%
(P Z 0.024) among group I and II respectively.

Table 7, shows presence of alleles of the 3 studied genes
among obese and non-obese females. For GLN223ARG lep-
tin receptor; the frequency of the A allele is the same in
group I as in group II (100%). G alleles was highly expressed
in group II (77.8%) than in group I (50%) and this difference
is statistically significant (P Z 0.033). The alleles of the
UCP2 (866) A/G gene polymorphism were presented in
obese (group I) and non obese (group II) female children as
follow; A allele 60% vs 66.7% (P Z 0.61), while the G allele
was highly present as it was 100% in both groups. Presence
of the INSR alleles in group I and II respectively was; C 100%
vs 88.9% (P Z 0.12), T allele was less found, 70% and 72.2%
(P Z 0.86).
Table 6 Comparison between the presences of alleles of
the male children in the 2 groups.

Alleles Males Chi-square P

Group I
(N Z 12)

Group II
(N Z 62)

N % N %

LEPR A 12 100.0 62 100.0 e

G 6 50.0 42 67.7 0.239
UCP2 A 10 83.3 38 61.3 0.143

G 10 83.3 60 96.8 0.059
INSR C 12 100.0 56 90.3 0.261

T 6 50.0 50 80.6 0.024*

*P > 0.05 Z significant differences.
Discussion

Childhood obesity increases the risk of adult obesity, this
fact leading to the increased importance of determining the
causes of childhood obesity and preventing it. As Person-
alized genomics is the future of medicine; this includes the
identification of genetic factors that confer risk of suscep-
tibility to obesity. In children, the phenotypic presentation
caused by gene polymorphisms may be more convenient;
because they are less affected by life style intervention due
to environmental factors. Inheritance studies show that;
body mass index (BMI) of children correlates more closely
with maternal than paternal BMI and that genetic factors
account for 40e90% of the BMI variations.3

This study reported an association of the LEPR Gln223Arg
polymorphism in the LEPR with obesity risk, as it was found
that; the highest risk of developing obesity was owned by
the obese mothers and their children with AG þ AA geno-
type and carrying the A allele of the LEPR 223 gene. There
were insignificant statistical differences, but only in case of
female children Genotype and allele frequencies observed
in the present study were similar to those found in other
populations.15e17 In contrast to current findings; LEPR 223 G
allele (polymorphic), was observed had a higher probability
of becoming obese in different Caucasian populations
including Tunisian,18 Mexican Mestizo6 and Romanian.19 A
meta-analysis study by Bender et al20 on the Q223R poly-
morphism indicated the presence of variant G allele as
being associated with high risk of obesity in 8 studies,
whereas in 5 studies a protective effect was found. Another
studies done by Koms‚u-Ornek et al,21 Zandoná et al22 and
Gajewska et al;23 found no association. Despite, several
lines of evidence suggest that this polymorphism may play a
role in the pathogenesis of obesity; however, such muta-
tions are extremely rare and are not likely to be responsible
for the obesity, because there are many factors that
contribute to the appearance of obesity.24 Other authors
observed that the wild-type variant of Gln223Arg correlated
with impaired glucose metabolism and dyslipidemia;
therefore this variant of LEPR polymorphism may carry a
risk of insulin resistance.23

UCP2 expression was found to be increased after birth
and decreased later on in the life.25 In various ethnicities,
the UCP2 G (�866)A SNP has also been associated with
Table 7 Comparison between the presences of alleles of
the female children in the 2 groups.

Alleles Females Chi-square P

Group I
(N Z 20)

Group II
(N Z 36)

N % N %

LEPR A 20 100.0 36 100.0 e

G 10 50.0 28 77.8 0.033*
UCP2 A 12 60.0 24 66.7 0.618

G 20 100.0 36 100.0 e

INSR C 20 100.0 32 88.9 0.122
T 14 70.0 26 72.2 0.860

*P > 0.05 Z significant differences.
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central obesity and with several phenotypes related to
obesity.26,27 The present study revealed that; the hetero-
zygous AG genotype was the most frequent in all groups in
the study followed by the homozygous GG genotype and the
G allele was the mostly present in obese mothers and obese
male children but with no statistical significance. Present
finding coincide with that of Esterbauer et al;28 which
showed that the GG genotype was associated with an
increased risk of obesity among 596 and 791 white Euro-
peans. Dhamrait and his colleagues29 also found that, a
haplotype containing the �866G-allele showed association
with childhood obesity. A Case control study and meta-
analysis studies showed that A allele of �866G/A poly-
morphism had a protective effect on overweight and
obesity, especially for European populations.30,31 A possible
mechanism for the observed association between the
�866G-allele and both insulin resistance and obesity is
that, the obesity-induced increase of UCP2 mRNA could be
lower for the �866G-allele compared with the A allele, The
lower expression at the transcription level may result in a
decreased production of UCP2, resulting in increased
reactive oxygen species generation, decreased energy
expenditure; hence, increased accumulation of body fat
and insulin resistance in G-allele carriers.8 In contrast; in
the Austrian population,28 in the northern Indian,26 in
Hungarian children32 and In the Balinese population stud-
ied,33 they observed that subjects with A/A genotype and A
allele carriers of the SNP G (�866)A has higher BMI. Lack of
association was detected; in French Caucasians,34 in young
German subjects35 and in an Italian Caucasian population
that studied morbidly obese patients.36

Insulin receptor (INSR), being an integral part of insulin
signaling could be a potential candidate gene in obesity.9

Results of the present study conferred that; the TT geno-
type and the T allele were the less frequent among chil-
dren, while the CC genotype and the C allele were less
found among their obese mothers; these differences in
distribution didn’t reach statistical significant. It is inter-
esting to note that, lean PCOS women with polymorphic
genotype had significantly higher waist circumference,
which is a measure of central obesity compared with wild
type genotype. Since this SNP is a silent one, can’t exert a
major effect on the development of insulin resistance;
rather it might be in linkage disequilibrium with others
genetic variants.37 Feng et al38 detected insignificant dif-
ference in the BMI between (CC) and CT þ TT genotypes in
PCOS. Insulin or its receptors potentially influence fatty
acid and triacylglycerol metabolism which can lead to
obesity. However, the underlying mechanisms of the asso-
ciation between INS gene and INSR gene with obesity are
still unknown.9

Recent studies have confirmed the association between
the genes encoding; uncoupling proteins (UCP2), Insulin
receptor gene (INSR) and leptin receptor (LEPR) with body
mass index, as they are involved in energy expenditure and
lipid and glucose metabolism and long-term weight regu-
lation. Thus, they can be regarded as candidate genes of
obesity.39,40

Despite these contradictory findings, it is now well
known that obesity is a complex disorder involving a
multitude of genetic, behavioral, and environmental fac-
tors. Polymorphisms or mutations may not be the cause for
obesity, and many genetic and life style factors act cumu-
latively to affect energy metabolism. Also the contradiction
in results may be due to differential fat distribution in
populations.

Previous analyses of the association between the
GLN223ARG polymorphism and obesity or BMI are contro-
versial among different ethnic population and geographic
area. More investigations are needed to further clarify this
association.

We recommend further studies with larger sample sizes
and linkage disequilibrium with other genetic variants must
be considered as well as collective meta-analyses are
needed in order to have a better understanding on the ef-
fect of these SNPs in obesity.

Conclusion

The LEPR Gln223Arg, UCP2 G 866 A and INSR exon 17
polymorphisms are related to obesity in Egyptian popula-
tion. Further researches on larger population are necessary
to ascertain the implications of LEPR, UCP2 and INSR
polymorphisms in obesity.
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