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Introduction
Childhood obesity is one of the major public health chal-
lenges, raising concerns for developing serious health con-
ditions.1,2 Studies in developing countries and the Middle 
East show an increase in childhood obesity and its growing 
trend.3, 4 Comparative patterns have been observed in Iranian 
children, with 7–12% obesity rate, reported in children aged 
6–12 years.5 According to a nationwide study in Iran, overall 
prevalence of elevated body mass index (BMI), including obe-
sity and overweight in children and adolescents has increased 
over the years.6 Potential contributors of increased obesity 
includes genetic factors, increased energy intake, physical 
inactivity, environmental, social and psychological factors, 
neurological disorders, and overeating in childhood.4

Obesity has a strong genetic basis, and numerous genetic 
variants have been associated with its phenotypes.7 Genome-
wide association studies (GWAS) have identified several 
genetic variants that are related with BMI and obesity in 
adulthood.8 In 2007, the first BMI locus was found in the 
fat mass and obesity-associated (FTO) locus, taken after by 
Melanocortin 4 receptor (MC4R) in 2008, and 18 further loci 
in 2010.9 While the focus of these studies has been on BMI or 
obesity in adult populations, reports have showed that some of 
these genetic variations are also significant associations with 
childhood BMI.9

Leptin gene (LEP) and leptin receptor gene (LEPR) are 
commonly studied genes in the field of obesity. Several com-
mon polymorphisms of both LEP and LEPR genes (located 
on chromosome 7q31and 1p31, respectively) have been 
studied in various populations for their potential associa-
tion with the development of human obesity and its related 
complications.10,  11 Among these single nucleotide polymor-
phisms (SNPs), the LEP A19G polymorphism (rs2167270) of 

the untranslated region of exon 1 affects leptin concentration 
and has been investigated in detail for its effects on obesity- 
related metabolic disease.12 Some studies indicate that the A 
allele is associated with higher leptin levels and lower BMI13 
and it could be concluded that the G variant may be consid-
ered a disadvantageous factor in the context of obesity-related 
traits.14 Variants of LEPR have also been described to influence 
leptin receptor activity.12 The first to identify was a SNP in the 
coding region of the leptin receptor gene, GLN223ARG.15 The 
GLN223ARG polymorphism, characterized by an adenine (A) 
to guanine (G) transition at position 668 (codon 223) in exon 
6 in the extracellular domain of LEPR results in an amino acid 
substitution (glutamine with an arginine). This substitution of 
amino acid glutamine (GLN) to arginine (ARG) occurs in the 
intracellular domain of the receptor.16 It has been suggested 
that the change of GLN by an ARG causes a change of elec-
tric charge from neutral to positive within the protein, which 
can affect the functional characteristics of the receptor. This 
seems to be associated with an impaired signaling capacity of 
the leptin receptor and with higher mean circulating level of 
leptin.17 The G allele has mainly been connected with increased 
adiposity, BMI, percent fat mass (% FM), as well as higher cir-
culating insulin and leptin levels.14 But, the results obtained 
so far are ambiguous. Some studies suggested no association 
between G allele and obesity-related parameters, while the 
others found the association with a lean phenotype.18, 19 On the 
other hand, the A allele has also been found to be associated 
with total abdominal fat mass, increased insulin and leptin 
levels, and higher risk of developing type 2 diabetes.20 Not all 
the studies have demonstrated the association between the 
polymorphisms and obesity.12

Previous studies showed genetics factors can affect body 
responses to weight loss programs.21, 22 However, few stud-
ies evaluated the impact of polymorphisms on metabolic 
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parameters changes during weight loss, especially in chil-
dren.23 Therefore, considering that combined aerobic and 
resistance training has been proposed as an interesting train-
ing strategy for maintaining and/or improving health and 
seems to be an effective strategy for preventing and managing 
obesity.24 Therefore, the aim of our study is to investigate the 
effect of SNPs in LEP (rs2167270) and LEPR (rs1137101) on 
metabolic response and weight loss after 8-weeks of combined 
training in obese children boys.

Methods
Study design
Fifty-eight obese boys aged 11–13 years (mean ± SD 12.66 ± 
0.47) were recruited from three middle schools in Quchan, 
Iran. Inclusion criteria for the present study were the following: 
(a) age from 11 to 13 years old (b) SDS-BMI>2 (c) stage I and 
II in the Tanner classification. Sexual maturation was examined 
using Tanner stages at the beginning of the study by a self-re-
ported questionnaire. Written instructions and a depiction of 
pubertal development stages were used as a guide.25 None of 
these individuals had engaged in regular activity in the previous 
2 months. They had no history of any metabolic, diabetes, and 
cardiovascular diseases. Participants were refrained from taking 
any medications or supplements known to affect metabolism.

Fifty-eight samples were assessed for LEP and LEPR gene 
variations. Among those, 30 participants were selected based 
on representing all three genotypes in each polymorphism 
(AA, AG, and GG for LEP and AA, GA, and GG for LEPR). 
For each participant (30 Subjects), blood samples, height and 
weight, waist-to-hip ratio (WHR) and body mass index for 
sex/age z-score (BMIz) were measured 48 h before and after 
training program. Written informed consent was obtained 
from the participants and their parents after they had received 
a detailed explanation of the study aims and procedures. The 
study was approved by the Sport Science Research Institute of 
Iran Research (IR.SSRC.REC.1299.111).

Physical exercise training protocol
Physical exercises were supervised by professional kinesiolo-
gists. Training program was three times per week (each ses-
sion lasted 70 min) during 8 weeks. Training program includes 
5 min of warm-up (stretching exercises, light running), 30 min 
of low-intensity rhythmic aerobic movements, 1 set of 7 resis-
tance exercises (dumbbell squat, dumbbells chest press, med-
icine ball trunk rotation, dumbbell shoulder press, dumbbell 
bicep curl, band Lat pull-down on the chair and dumbbell 
lunge). Five minutes of static and stretching exercises were 
performed to cool down. In order to observe the principle of 
overload, 5–10 percent was added to the number of repetitions 
or activity time every 2 weeks.

Blood analyses
Blood sampling was at two stages: 48 h before and after 8 
weeks of exercise training program. Blood samples were taken 
after a 12-h overnight fast at 7 am from the elbow vein. Blood 
samples for biochemical analyses were centrifuged 300 × g for 
15 min at room temperature in order to receive blood plasma. 
Blood plasma was used to determine lipid profile levels includ-
ing: triglycerides (TG), total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL-C), low-density lipoprotein 

cholesterol (LDL-C) (using assay kits from Pars Azmoon 
Company, Iran), and leptin concentrations (Mecrodia ELISA 
kits, Sweden). All samples were measured in duplicate.

Genetic analyses
Participants were asked to refrain from eating or drinking 30 
min prior to saliva collection. Each individual was instructed 
to rub their tongues around the inside of their mouths for 
about 30 sec, and then expectorate approximately 2 ml saliva 
into the tube. DNA was extracted from Cheek cells of 58 saliva 
samples using the Oragen Company kit. The PCR product 
of 5’-CAGTTGCGCAAGTTGTGATCG-3’ (forward) and 
5’-GCTGGTTCTGCAAGGTCCTG-3’ (reverse) for rs2167270 
and 5’ GAATGTCTTGTGCCTGTGCCA-3’ (forward) and 
5’-GAAGCCACTCTTAATACCCCCAGT-3’ (reverse) for 
rs1137101 were used. Amplicons of 308 bp were visualized 
with 1% Agarose gel. In this step, PCR reaction of temperature 
gradient was used for each pairs of primers designed in order 
to find the best primer annealing temperature. After complet-
ing the stopping steps, 3 µl of PCR product to ensure optimal 
replication on 1% Agarose gel was examined. After identifying 
the appropriate temperature for all three pairs of PCR synthe-
sized primers of all samples, 2 µl of PCR product was brought 
to 0.1% Agarose gel to confirm the correct replication of the 
desired fragment. Restriction fragment length polymorphism 
method was used for determining the genotype of the Lep and 
Lepr genes. Enzymatic digestion at 65 °C overnight consisted 
of 1 µl of the enzyme, 3 µl of PCR product, 2 µl of the specific 
buffer, and 15 µl of deionized water. After enzymatic digestion, 
the enzyme digestion product was electrophoresed on 12% 
polyacrylamide gel to observe the cut fragments, and three 
samples with different genotypes were sent to Sina Codun 
for sequencing. Then, the digested DNA (LEP rs2167270: 330 
(252-77) G/A, LEPR rs1137101: 274 (189-85) A/G) was visual-
ized using a gel documentation system.

Statistical analysis
The Kolmogorov–Smirnov test of data was used to evaluate 
the distribution for normality. Allele frequencies were deter-
mined by gene counting. To test the influence of the LEP A19G 
(rs2167270) and LEPR A66G (rs1137101) polymorphisms 
on training response, two way mixed analysis of variance 
(ANOVA) was used with genotype as between subject fac-
tor and training program as within subject factor.  Follow-up 
verification was made with the Bonferroni post hoc test. The 
Hardy–Weinberg equilibrium analysis was evaluated using a 
chi-square test with one degree of freedom. The level of statis-
tical significance was set at p < 0.05. Statistical analysis was car-
ried out with IBM SPSS Statistics for Windows Version 21.0.

Results
LEP A19G (rs2167270) and LEPR A66G 
(rs1137101) polymorphisms
Both polymorphisms conformed to Hardy–Weinberg expec-
tations (chi-square = 0.5776, P = 0633; chi-square = 0.465, 
P = 0.55, for the LEP rs2167270 and LEPR rs1137101, respec-
tively). Two-way mixed ANOVA revealed a significant effect of 
the LEP rs2167270 genotype for WHR (Sig = 0.0.34, F = 3.831); 
nevertheless, no significant effect of LEPR rs1137101 genotype 
was observed on measurement variables (Tables 1, 2).

https://www.google.com/search?q=dumbbells+chest+press&spell=1&sa=X&ved=2ahUKEwjCnZrz7LDpAhXp-SoKHfp_CMwQkeECKAB6BAgQECM
https://www.google.com/search?q=,+dumbbell+shoulder+press&spell=1&sa=X&ved=2ahUKEwjtke6N7bDpAhWBlosKHa_LD-kQkeECKAB6BAgTECM
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Values are presented as mean ± standard deviation; BMI: 
body mass index; FM: body fat percentage; WHR: waist-to-
hip ratio; TC: total cholesterol; TG: Triglycerides; HDL-C: 
high-density lipoprotein cholesterol; LDL-C: low-density lipo-
protein cholesterol. NS: not significant; P-value significantly 
different (P<0.05).

Values are presented as mean ± standard deviation; BMI: 
body mass index; FM: body fat percentage; WHR: waist-to-
hip ratio; TC: total cholesterol; TG: Triglycerides; HDL-C: 
high-density lipoprotein cholesterol; LDL-C: low-density lipo-
protein cholesterol. NS: not significant; P-value significantly 
different (P<0.05).

Table 1. The LEP rs2167270 genotypes and response to training (two-way mixed ANOVA).

Parameter

GG (n = 13) AG (n = 12) AA (n = 5) Two way mixed ANOVA P-value

Pre-
training

Post-
training Pre-training Post-

training
Pre-

training
Post-

training Genotype Training
Genotype 
× Training 
interaction

Body mass 
(kg) 77.6 ± 7.58 74.2 ± 7.7 76.4 ± 10.2 75.1 ± 10.2 87.1 ± 15.6 86.4 ± 15.3 0.1 <0.01* 0.032*

FM (%) 32.1 ± 4.7 29.3 ± 4.7 33.3 ± 4.07 31.4 ± 4.7 34.3 ± 2.6 33.6 ± 3.1 0.32 <0.01* 0.15

BMIZ 2.13 ± 0.12 2.02 ± 0.15 2.1 ± 0.09 2.06 ± 0.15 2.22 ± 0.17 2.21 ± 0.15 0.13 <0.01* 0.008*

WHR 0.93 ± 0.03 0.91 ± 0.04 0.95 ± 0.02 0.95 ± 0.03 0.98 ± 0.05 0.98 ± 0.04 0.034* <0.01* 0.049*

TG (mg/dl) 196.61 ± 
42.4

182.84 ± 
34.7

192.66 ± 
35.7

164.16 ± 
32.6

201.4± 
19.35

181 ± 
18.47 0.61 <0.01* 0.41

HDL-C 
(mg/dl) 40.46 ± 4.75 45.07 ± 5.54 39.71 ± 4.59 42 ± 4.8 39.2 ± 3.11 42.6 ± 3.57 0.09 0.093 0.059

LDL-C 
(mg/dl) 105.07 ± 31 97.84 ± 30.3 108.58 ± 

33.4
96.75 ± 

27.6
110.8 ± 

14.6 92.4 ± 9.07 0.99 <0.01* 0.44

TC (mg/dl) 198.07 ± 
40.8

179.92 ± 
33.3

188.16 ± 
38.6

168.66 ± 
34.8

190.6 ± 
22.1

180.4 ± 
23.7 0.72 <0.01* 0.8

Leptin (ng/
ml) 13.17 ± 1.42 11.09 ± 1.83 13.62 ± 1.61 11.71 ± 

1.57
14.11 ± 

1.41
13.53 ± 

1.44 0.12 <0.01* 0.03*

Values are presented as mean ± standard deviation; BMI: body mass index; FM: body fat percentage; WHR: waist-to-hip ratio; TC: total cholesterol; TG: Triglycerides; 
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol. NS: not significant; P-value significantly different (P<0.05).

Table 2. The LEPR rs1137101 genotypes and response to training (two-way mixed ANOVA).

Parameter

AA (n = 10) GA (n = 13) GG (n = 7) Two way mixed ANOVA P-value

Pre-
training

Post-
training

Pre-
training

Post-
training Pre-training Post-

training Genotype Training
Genotype 
× Training 
interaction

Body mass 
(kg)

82.07 ± 
11.6

78.43 ± 
12.83 77.5 ± 9.03 75.7 ± 9.09 76.4 ± 12.12 75.69 ± 12.1 0.66 <0.01* 0.04*

FM (%) 32.96 ± 
4.14

30.25 ± 
5.42

32.02 ± 
4.24 31.4 ± 4.7 34.88 ± 3.84 33.44 ± 3.85 0.28 <0.01* 0.5

BMIZ 2.17 ± 0.14 2.06 ± 0.21 2.13 ± 0.12 2.07 ± 0.13 2.09 ± 0.91 2.08 ± 0.14 0.93 <0.01* 0.06

WHR 0.95 ± 0.54 0.93 ± 0.06 0.95 ± 0.03 0.94 ± 0.04 0.95 ± 0.02 0.95 ± 0.02 0.95 <0.01* 0.03*

TG (mg/dl) 196.1 ± 
29.39

172 ± 
33.07

192.46 ± 
45.32

180.38 ± 
31.34

201.7 ± 
27.87

169.57 ± 
35.65 0.98 <0.01* 0.26

HDL-C (mg/dl) 40.3 ± 3.52 43.6 ± 5.98 42.3 ± 3.72 43.76 ± 4.18 39.65 ± 4.57 40 ± 5.44 0.22 0.07 0.44

LDL-C (mg/dl) 105.4 ± 
28.22

92.2 ± 
17.05

106.07 ± 
29.68

101.9 ± 
28.02

112.85 ± 
33.92

95.42 ± 
34.26 0.84 <0.01* 0.14

TC (mg/dl) 193.7 ± 
33.57

175.1 ± 
37.65

191.3 ± 
41.67

180.84 ± 
24.95

194.57 ± 
36.52

166.14 ± 
38.2 0.93 <0.01* 0.34

Leptin (ng/ml) 13.74 ± 
1.29

11.74 ± 
1.21

12.97 ± 
1.58 11.26 ± 2.18 14.17 ± 1.39 12.65 ± 1.74 0.2 <0.01* 0.68

Values are presented as mean ± standard deviation; BMI: body mass index; FM: body fat percentage; WHR: waist-to-hip ratio; TC: total cholesterol; TG: Triglycerides; 
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol. NS: not significant; P-value significantly different (P<0.05).
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There was a significant effect of interaction between 
training × genotypes (rs2167270) on body mass (P = 0.032, 
F = 3.934), WHR (P = 0.049, F = 3.38) and leptin hormone 
(P = 0.031, F = 3.95). Reduction in the GG allele in response 
to training was greater than the other two alleles (AG and AA) 
(Fig. 1, Table 1). Furthermore, there was a significant effect 
interaction between training × rs1137101 leptin receptor gene 
on body mass (P = 0.04, F = 3.625) and WHR (P  =  0.037, 
F  =  3.75). As opposed to AG and GG, AA homozygotes 
demonstrated a training-related greater reduction in body 
mass and WHR (Fig. 2, Table 2). We observed positive effect 
of training on the other lipid profile markers in carriers of dif-
ferent alleles, although it was not significant (Tables 1, 2).

Discussion
Lifestyle interventions, including increased physical activity, 
are recommended as an effective treatment for weight loss as 
well as to improve biochemical parameters in obese boys and 
adolescents.26 Our genetic study was designed to test whether 

variation in the LEP and LEPR genes can modulate changes in 
selected body mass, body composition, and leptin hormone 
following 8 weeks of supervised combined training in obese 
boys. An important finding of this study was the significant 
interaction between training and the LEP rs2167270 geno-
type for body mass, BMIz, WHR, and leptin level. We also 
find a significant interaction between training and the LEPR 
rs1137101 genotype for body mass and WHR. A training-re-
lated decrease in the LEP GG and LEPR AA homozygotes dif-
fered significantly from the change in other alleles. Therefore, 
the results of our study support the assumption that LEP and 
LEPR genes variation play an important role in inter-individ-
ual changes of body mass, fat mass, lipid profile, and leptin 
hormone in response to regular physical activity.

Given the important role of leptin in the regulation of 
energy metabolism, we suggest that genetic variants of LEP 
and LEPR may modulate physiological responses to lifestyle 
interventions and its influence on health in pre-pubertal 
obese boys. When analyzed separately, lowest leptin levels 
were observed in people with G homozygous (rs2167270) at 
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Fig. 1. Training × genotype LEP rs2167270 interaction for Body Mass, BMIz, WHR and 
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baseline. These results are consistent with previously pub-
lished studies that reported obese people with GG homo-
zygotes had lower leptin levels compared to those with 
heterozygous or homozygous for A allele.13,27 A study by Jiang 
et al. predicted that rs2167270 would change the binding site 
of the transcription factor and it could affect the transcription 
of the leptin gene.28 Consequently, this SNP may affect gene 
expression at the transcription level, leading to impaired leptin 
production.28 In addition, participants with G homozygous 
experienced a greater reduction in leptin levels in response to 
training which is same as previous studies.10 In a study con-
ducted on 242 European participants, Walsh et al. showed that 
individuals with GG homozygous may gain additional health 
benefits from expending more energy in training due to their 
genetic predisposition compared to carriers of the A allele.10

In rs1137101 leptin receptor gene, the lowest leptin level 
was observed in GA heterozygous at baseline. Data on the 
association between polymorphism in LEPR gene and serum 
leptin levels have been observed in a number of groups; 
although they are contradictory. While some studies have 
reported the association between glutamine allele (Q) with 
higher serum leptin levels in plasma,29, 30 others have found that 
allele arginine (R) is associated with increased leptin levels.31, 32 
At the amino acid level, this polymorphism results in a change 
in the electric charge from neutral to positive in this position, 
thereby affecting the performance of the receptor and chang-
ing its signaling capacity. In our study, both types of alleles 
(GG and AA) experienced a decrease in leptin in response to 
training, and the decrease rate was higher in homozygous AA, 
although these changes were not significant. Whether the reg-
ular physical activity can affect leptin production through this 
polymorphism needs further investigation.

Leptin has been shown to negatively regulate hepatic 
function of 3-hydroxy-3-methyl-glutaryl-coenzyme A reduc-
tase (HMG-CoA) and reduce cholesterol biosynthesis.12 
Moreover, leptin positively regulates cholesterol catabolism 
and reduce plasma very-low density lipoprotein cholesterol 
levels.33 The researchers founded that the LEPR polymor-
phism is associated with significant increase of serum TC, TG, 
LDL-C, and HDL-C levels in obese and non-obese individu-
als.12 In our study, boys with GG genotypes (rs1137101) had 
higher TG and LDL-C and lower HDL-C levels than boys with 
AG and AA genotypes which is consistent with the results of 
other studies.34-36 Also, boys with AA genotypes (rs2167270) 
had higher TG, TC and LDL-C and lower HDL-C levels than 
boys with GA and GG genotypes. Hence, our results show that 
the presence of the G (rs1137101) and A (rs2167270) alleles 
increases the risk of anthropometric and lipid abnormalities 
in the obese boys.

In response to 8 weeks of combined exercise in obese 
boys, the greatest improvement in lipid profile was observed in 
people with genotypes AA (rs2167270) and GG (rs1137101). 
To our knowledge, there is only one study that examines the 
interaction between leptin and leptin receptor polymorphisms 
and changes in lipid profile response to a training program. In 
a recent study by Leońska-Duniec et al., highest decrease in 
LDL-C was observed in young women carrying homozygous 
AA (rs1137101) following 12 weeks of aerobic exercise.12 It is 
worth noting that the subjects in our study were obese boys, 
while the subjects studied by Leońska-Duniec et al. were young 

women with normal BMI. Another factor could be different 
type of training protocol (aerobic vs combined training).

Leptin is commonly thought to be an important hormone 
in reducing obesity, but studies have shown that obese people 
have higher leptin levels, resulting in ‘leptin resistance’,37 i.e., 
increased production of leptin from adipose tissue that occurs 
in obese people leads leptin-sensitive tissues like skeletal mus-
cle and liver to resist its effects.38 Leptin resistance is associated 
with impaired leptin transport from the blood–brain barrier; 
hence, JAK/STAT leptin messaging will be reduced and a sup-
pressor of cytokine-3 messaging will be induced.39 Weakening 
of leptin sensitivity in the brain will result in additional accu-
mulation of TG in adipose tissue, muscle, liver, and pancreas, 
ultimately leading to impaired insulin sensitivity.

Exercise plays an important role in improving leptin 
and insulin sensitivity. Since premature puberty in children 
is one of the side effects of increasing leptin levels, reducing 
leptin levels through reducing adipose tissue is considered as 
a positive effect of exercise on obese children.40 Moreover, it 
improves insulin sensitivity and increases glucose transporter 
type 4 (GLUT4) by activating AMP-activated protein kinase 
and reduces leptin resistance through lowering leptin levels.35

The present study has a number of limitations that should 
be noted. First, our study consisted of exclusively male sam-
ples; therefore, the results should not be generalized to girls. 
Second limitation was small sample size of this study which 
may reduce the external validity of the research. Further stud-
ies with larger sample size in other populations are warranted.

Conclusion
Our results showed that A variant of rs2167270 and G vari-
ant of rs1137101 may be considered as disadvantageous factor 
in the context of training-induced effects on body mass traits 
in obese boys. Unfortunately, the results of profile lipid are 
inconsistent.

Practical implications
The present study provides evidence that DNA sequence vari-
ations in the LEP and LEPR genes are associated with the mag-
nitude of the effects of regular physical activity on body mass, 
WHR and leptin concentration among obese boys. Therefore, 
the screening of polymorphisms in the LEP and LEPR as well 
as other genetic markers may be useful to identify individuals 
who are expected to respond well or poorly to exercise. As a 
result, the main challenge in treating obesity in the near future 
will be discovering the chains behind genetic communications 
with obesity and regular physical activity.

Acknowledgments
We thank the technicians at the participating institutions 
for their time and effort along with the subjects for their 
participation.

Conflict of interest.
The authors declare no conflict of interest



101

Original

LEP and LEPR modify post-training losing weightAli Akbar Jahandideh et al.

J Contemp Med Sci | Vol. 7, No. 2, March-April 2021: 96 – 101

References
1. Wijtzes AI, Bouthoorn SH, Jansen W, Franco OH, Hofman A, Jaddoe VW, et al. 

Sedentary behaviors, physical activity behaviors, and body fat in 6-year-old 
children: the generation R study. Int J Behav Nutr Phys Activ. 2014;11:96.

2. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. 
Global, regional, and national prevalence of overweight and obesity in 
children and adults during 1980–2013: a systematic analysis for the Global 
Burden of Disease Study 2013. The Lancet. 2014;384(9945):766-81.

3. Farrag NS, Cheskin LJ, Farag MK. A systematic review of childhood obesity in 
the Middle East and North Africa (MENA) region: Prevalence and risk factors 
meta-analysis. Adv Ped Res. 2017;4.

4. Samaras K, Kelly PJ, Chiano MN, Spector TD, Campbell LV. Genetic and 
environmental influences on total-body and central abdominal fat: the effect
of physical activity in female twins. Ann Intern Med. 1999;130(11):873-82.

5. Kelishadi R. Childhood overweight, obesity, and the metabolic syndrome in 
developing countries. Epidemiol Rev. 2007;29(1):62-76.

6. Rahmanian M, Kelishadi R, Qorbani M, Motlagh ME, Shafiee G, Aminaee T, et 
al. Dual burden of body weight among Iranian children and adolescents in 
2003 and 2010: the CASPIAN-III study. Arch Med Sc: AMS. 2014;10(1):96.

7. Wang K, Li WD, Zhang CK, Wang Z, Glessner JT, Grant SF, et al. A genome-
wide association study on obesity and obesity-related traits. PLoS One. 
2011;6(4):e18939.

8. Mărginean CO, Mărginean C, Voidăzan S, Meliţ L, Crauciuc A, Duicu C, et 
al. Correlations between leptin gene polymorphisms 223 A/G, 1019 G/A, 
492 G/C, 976 C/A, and anthropometrical and biochemical parameters in 
children with obesity: a prospective case-control study in a Romanian 
population—the nutrichild study. Medicine. 2016;95(12).

9. Lakshman R, Elks CE, Ong KK. Childhood obesity. Circulation. 
2012;126(14):1770-9.

10. Walsh S, Haddad C, Kostek M, Angelopoulos T, Clarkson P, Gordon P, et al. 
Leptin and leptin receptor genetic variants associate with habitual physical 
activity and the arm body composition response to resistance training. 
Gene. 2012;510(1):66-70.

11. Lakka TA, Rankinen T, Weisnagel SJ, Chagnon YC, Lakka H-M, Ukkola O, et al. 
Leptin and leptin receptor gene polymorphisms and changes in glucose 
homeostasis in response to regular exercise in nondiabetic individuals: the 
HERITAGE family study. Diabetes. 2004;53(6):1603-8.

12. Leonska-Duniec A, Jastrzebski Z, Jazdzewska A, Krzysztof F, Cieszczyk P. 
Leptin and leptin receptor genes are associated with obesity-related traits 
changes in response to aerobic training program. J Strength Condition Res. 
2018;32(4):1036-44.

13. Hager J, Clement K, Francke S, Dina C, Raison J, Lahlou N, et al. A 
polymorphism in the 5’ untranslated region of the human ob gene is 
associated with low leptin levels. Int J Obesity. 1998;22(3):200-5.

14. Enns JE, Taylor CG, Zahradka P. Variations in adipokine genes AdipoQ, Lep, 
and LepR are associated with risk for obesity-related metabolic disease: the 
modulatory role of gene-nutrient interactions. J Obes. 2011;2011.

15. Bruce Thompson D, Ravussin E, Bennett PH, Bogardus C. Structure and 
sequence variation at the human leptin receptor gene in lean and obese 
Pima Indians. Human Mol Genet. 1997;6(5):675-9.

16. Paracchini V, Pedotti P, Taioli E. Genetics of leptin and obesity: a HuGE 
review. Am J Epidemiol. 2005;162(2):101-14.

17. Chagnon YC, Wilmore JH, Borecki IB, Gagnon J, Pérusse L, Chagnon M, et al. 
Associations between the leptin receptor gene and adiposity in middle-
aged Caucasian males from the HERITAGE family study. J Clin Endocrinol 
Metab. 2000;85(1):29-34.

18. Ogawa T, Hirose H, Yamamoto Y, Nishikai K, Miyashita K, Nakamura H, et al. 
Relationships between serum soluble leptin receptor level and serum leptin 
and adiponectin levels, insulin resistance index, lipid profile, and leptin 
receptor gene polymorphisms in the Japanese population. Metabolism. 
2004;53(7):879-85.

19. Portolés O, Sorlí JV, Francés F, Coltell O, González JI, Sáiz C, et al. Effect of 
genetic variation in the leptin gene promoter and the leptin receptor gene 
on obesity risk in a population-based case-control study in Spain. Eur J 
Epidemiol. 2006;21(8):605-12.

20. Guizar-Mendoza J, Amador-Licona N, Flores-Martinez S, Lopez-Cardona 
M, Ahuatzin-Tremary R, Sanchez-Corona J. Association analysis of the 
Gln223Arg polymorphism in the human leptin receptor gene, and 
traits related to obesity in Mexican adolescents. J Human Hypertension. 
2005;19(5):341-6.

21. Bouchard C. Gene–environment interactions in the etiology of obesity: 
defining the fundamentals. Obesity. 2008;16(S3):S5-S10.

22. Ordovas JM, Shen J. Gene–environment interactions and susceptibility 
to metabolic syndrome and other chronic diseases. J Periodontol. 
2008;79:1508-13.

23. Gajewska J, Kurylowicz A, Ambroszkiewicz J, Mierzejewska E, Chelchowska 
M, Szamotulska K, et al. ADIPOQ− 11377C> G polymorphism increases 
the risk of adipokine abnormalities and child obesity regardless of dietary 
intake. J Pediat Gastroenterol Nutr. 2016;62(1):122-9.

24. Alberga AS, Prud’homme D, Sigal RJ, Goldfield GS, Hadjiyannakis S, 
Phillips P, et al. Effects of aerobic training, resistance training, or both on 
cardiorespiratory and musculoskeletal fitness in adolescents with obesity: 
the HEARTY trial. Appl Physiol Nutr Metab = Physiologie appliquee, 
nutrition et metabolisme. 2016;41(3):255-65.

25. Marshall WA, Tanner JM. Variations in the pattern of pubertal changes in 
boys. Arch Dis Childhood. 1970;45(239):13-23.

26. Ho M, Garnett SP, Baur L, Burrows T, Stewart L, Neve M, et al. Effectiveness of 
lifestyle interventions in child obesity: systematic review with meta-analysis. 
Pediatrics. 2012;130(6):e1647-e71.

27. Poitou C, Lacorte J-M, Coupaye M, Bertrais S, Bedel J-F, Lafon N, et al. 
Relationship between single nucleotide polymorphisms in leptin, IL6 and 
adiponectin genes and their circulating product in morbidly obese subjects 
before and after gastric banding surgery. Obesity Surg. 2005;15(1):11-23.

28. Jiang Y, Wilk J, Borecki I, Williamson S, DeStefano A, Xu G, et al. Common 
variants in the 5’ region of the leptin gene are associated with body mass 
index in men from the National Heart, Lung, and Blood Institute Family 
Heart Study. Am J Human Genet. 2004;75(2):220-30.

29. Furusawa T, Naka I, Yamauchi T, Natsuhara K, Kimura R, Nakazawa M, et al. 
The serum leptin level and body mass index in Melanesian and Micronesian 
Solomon Islanders: focus on genetic factors and urbanization. Am J Human 
Biol. 2011;23(4):435-44.

30. Ali SB, Kallel A, Sediri Y, Ftouhi B, Feki M, Slimene H, et al. LEPR p. Q223R 
Polymorphism influences plasma leptin levels and body mass index in 
Tunisian obese patients. Arch Med Res. 2009;40(3):186-90.

31. Suriyaprom K, Tungtrongchitr R, Thawnasom K. Measurement of the 
levels of leptin, BDNF associated with polymorphisms LEP G2548A, LEPR 
Gln223Arg and BDNF Val66Met in Thai with metabolic syndrome. Diab 
Metab Synd. 2014;6(1):6.

32. Oliveira Rd, Cerda A, Genvigir FDV, Sampaio MF, Armaganijan D, Bernik 
MMS, et al. Leptin receptor gene polymorphisms are associated with 
adiposity and metabolic alterations in Brazilian individuals. Arq Brasil 
Endocrinol Metab. 2013;57(9):677-84.

33. VanPatten S, Ranginani N, Shefer S, Nguyen LB, Rossetti L, Cohen DE. 
Impaired biliary lipid secretion in obese Zucker rats: leptin promotes 
hepatic cholesterol clearance. Am J Physiol Gastroint Liver Physiol. 
2001;281(2):G393-G404.

34. Takahashi-Yasuno A, Masuzaki H, Miyawaki T, Ogawa Y, Matsuoka N, Hayashi 
T, et al. Leptin receptor polymorphism is associated with serum lipid levels 
and impairment of cholesterol lowering effect by simvastatin in Japanese 
men. Diab Res Clin Pract. 2003;62(3):169-75.

35. Shabana N, Hasnain S. Association of the leptin receptor Gln223 Arg 
polymorphism with lipid profile in obese Pakistani subjects. Nutrition. 
2015;31(9):1136-40.

36. Becer E, Mehmetçik G, Bareke H, Serakıncı N. Association of leptin receptor 
gene Q223R polymorphism on lipid profiles in comparison study between 
obese and non-obese subjects. Gene. 2013;529(1):16-20.

37. Daghestani M, Purohit R, Daghestani M, Daghistani M, Warsy A. Molecular 
dynamic (MD) studies on Gln233Arg (rs1137101) polymorphism of leptin 
receptor gene and associated variations in the anthropometric and 
metabolic profiles of Saudi women. PLoS one. 2019;14(2).

38. Steinberg GR, Smith AC, Wormald S, Malenfant P, Collier C, Dyck DJ. Endurance 
training partially reverses dietary-induced leptin resistance in rodent skeletal 
muscle. Am J Physiol Endocrinol Metabol. 2004;286(1):E57-E63.

39. Steinberg GR, Rush JW, Dyck DJ. AMPK expression and phosphorylation 
are increased in rodent muscle after chronic leptin treatment. Am J Physiol 
Endocrinol Metab. 2003;284(3):E648-E54.

40. De Araujo ACC, Roschel H, Picanço AR, do Prado DML, Villares SMF, de Sá 
Pinto AL, et al. Similar health benefits of endurance and high-intensity 
interval training in obese children. PLoS one. 2012;7(8).

This work is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported License which allows users to read, copy, distribute and make derivative 
works for non-commercial purposes from the material, as long as the author of the original work is cited properly. 

https://doi.org/10.22317/jcms.v7i2.928


