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Abstract: Polymorphisms in the LEP (G–2548A and A19G), LEPR (A326G, A668G and G3057A) and RETN (C–420G and G+62A) genes were documented
according to their association with alterations in biochemical parameters such as glucose, insulin and lipid profiles, along with serum leptin and resistin concentrations. The aim of the study was to establish any contribution of the G-2548A and A19G polymorphisms of the LEP gene, the A326G, A668G and G3057A polymorphisms of the LEPR gene, and the C-420G and G+62A polymorphisms of the RETN gene to serum leptin and resistin levels in Mexican young adults. Clinical
and biochemical variables, serum leptin and resistin levels, and genotype profiles were analysed in 66 Mexican young adults. Seven polymorphisms in the LEP,
LEPR and RETN genes were genotyped using polymerase chain reaction–restriction fragment length polymorphisms analysis. Individuals carrying allele 3057A
of the G3057A polymorphism in the LEPR gene showed significantly higher leptin concentrations than those bearing the genotype G/G (43.78 ± 39.11 vs 28.20
± 14.12 ng/mL; p = 0.021). There were no associations of serum leptin or resistin levels according to the genotype of the other six analysed polymorphisms. Our
results suggest that the allele 3057A of the LEPR G3057A polymorphism contributes to increased serum leptin levels in Mexican young adults.
Key words: Resistin concentration; Leptin concentration; Adipokines; Genetic polymorphisms; Mexican young adults.

Introduction

The relation between leptin levels and genetic polymorphisms in either the LEP or LEPR genes has been
examined before. Thus, the influence of A19G and
G–2548A polymorphisms in the LEP gene on leptin
levels was evaluated in consanguineous Tunisian families (8), whereas in Korean pre- and postmenopausal
women with breast cancer the influence of four polymorphisms in the LEPR gene including A326G, A668G
and G3057A on leptin concentration was assessed (9).
Studies considering genetic variants in both LEP and
LEPR genes have been carried out in Romanians aged >
30 years, where the polymorphism G–2548A (LEP) was
associated with higher leptin levels and the polymorphism A668G (LEPR) with increased triglycerides (TG)
and glucose levels (10). In another study on men from
the Pacific Island of Nauru with an average age of 31
years, the relation between a short tandem repeat in the
LEP gene and the polymorphisms A668G and G3057A
of the LEPR gene and obesity markers and glucose intolerance was also investigated (11), whereas in Malaysians aged 52 years, the relation of A19G and G–2548A
variants of LEP and A326G and A668G variants of
LEPR with leptin levels and obesity was assessed (12).
Information about the influence of the genetic polymorphisms in the RETN gene on the levels of resistin is
scarcer compared to leptin. In a study performed in Fin-

Obesity is considered to be a chronic disease defined
by an excessive expansion of adipose tissue. Initially,
it is driven by an increase in the number of adipocytes
(hyperplasia) and later by an increase in adipocyte size
(hypertrophy), which together modify the expression of
adipokines, resulting in the development of a low-grade
chronic pro-inflammatory state (1, 2). This pro-inflammatory state is a health problem because it is associated
with metabolic disturbances and pathologies such as insulin resistance, type 2 diabetes mellitus (T2DM), atherosclerosis, hypertension and cardiovascular disease (3,
4).
Obesity is a complex disease resulting from the interaction of genetic and environmental factors, leading to
the malfunction of several signalling peptides involved
in body energy balance and nutritional status (5, 6). Increases in the number of people with obesity in recent
years have been associated with changes in lifestyle but
are greatly influenced by genetic susceptibility. Reports
on the heritability of obesity have identified nine loci
in Mendelian forms of obesity, and 58 loci contribute
in polygenic ways to the obese phenotype (7). Among
these, the LEP and LEPR genes encoding leptin and leptin receptor, respectively, play major roles.
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nish subjects with hypertension aged 40–59 years, three
polymorphisms in the RETN gene (C–420G, C+157T
and G+299A) were studied with regard to resistin
concentration, and to fasting insulin, glucose and lipid
profiles (13). In Japanese subjects with T2DM aged 25–
88 years, the relation between the genotype distribution
of C–420G polymorphism, resistin levels and the presence of cerebrovascular disease was studied (14). The
relation between the G+62A polymorphism and insulin resistance, together with inflammatory markers and
lipid profile, has been studied in a Mexican population
aged 20–69 years (15). None of these reports considered the age range of the young adult participants enrolled in the present study (18–25 years) or evaluated a
combinatorial genetic approach (LEP, LEPR and RETN
genes) with both leptin and resistin levels. Based on this
knowledge, the aim of the present study was to describe
the genotype and allele distributions of the G–2548A
and A19G polymorphisms in LEP, A326G, A668G and
G3057A in LEPR, and C–420G and G+62A in RETN
genes. We also aimed to assess the associations of variants in the LEP and LEPR genes with serum leptin,
and RETN variants with serum resistin levels, as well as
with variables related to metabolic alterations in a group
of young adults from Mexico.

(LDL) and very-low-density lipoprotein (VLDL) were
measured using the Vitros DT II system (Ortho Clinical
Diagnostics, Linden, NJ, USA). Serum insulin, leptin
and resistin levels were measured using the Bio-Plex
Pro Human Diabetes 10-Plex assay system (Bio-Rad
Laboratories, Hercules, CA, USA). The homeostasis
model assessment of insulin resistance (HOMA-IR) index was calculated as follows: fasting insulin (µU/mL)
× fasting glucose (mmol/L)/22.5.
DNA isolation and genotyping
Genomic DNA was extracted from peripheral blood
leukocytes using a standard protocol (16) and stored in
Tris-EDTA buffer pH 8.0 at −20 °C until processed. The
genotyping of polymorphisms A19G (rs2167270) from
the LEP gene, A326G (rs1137100), A668G (rs1137101)
and G3057A (rs1805096) from the LEPR gene and
C–420G (rs1862513) and G+62A (rs3745368) from
the RETN gene was carried out using polymerase chain
reaction–restriction fragment length polymorphism
(PCR–RFLP) using the primer sequences and PCR
conditions as previously described (14, 17-20), except
for the genomic region encompassing the G–2548A
(rs7799039) polymorphism of the LEP gene, which
was amplified using the following designed primers:
forward 5′–TTT CCT GTA ATT TTC CCG TGA G–3′
and reverse 5′–AAA GCA AAG ACA GGC ATA AAA
A–3′. The PCR products were generated in a 10 µL
reaction volume containing 100 ng of genomic DNA,
1× PCR buffer, 1.5 mM MgCl2, 200 µM of each dNTP,
1 µM of each primer, and 0.25 U Taq DNA polymerase (Invitrogen Life Sciences, Carlsbad, CA, USA).
Cycling conditions consisted of an initial denaturation
step at 94 °C for 5 min, followed by 30 cycles of denaturation at 94 °C for 30 sec, annealing at 55 °C for 30
sec, extension at 72 °C for 30 sec and a final extension
step at 72 °C for 10 min. PCR products were digested
with 5 U of HhaI restriction enzyme at 37 °C, according
to the manufacturer’s instructions (New England BioLabs, Ipswich, MA, USA); thus, in the presence of the
G–2548 allele, the PCR product (242 bp) is cut into two
fragments of 181 and 61 base pairs (bp) in length. Differences in bp length for all enzyme digestion products
were visualized using electrophoresis in 6% polyacrylamide gels stained with silver nitrate.

Materials and Methods
Subjects
Sixty-six individuals (28 men and 38 women) were
included in the study. The subjects were invited to participate in a cross-sectional study and were recruited at
the Biochemistry Laboratory of Centro Universitario de
Ciencias Exactas e Ingenierías of the Universidad de
Guadalajara under the following inclusion criteria: active students, aged 18–25 years, male or female, born in
Mexico (with a family history of Mexican ancestors at
least back to the third generation) and being Mestizo (to
have a Spanish-derived last name). Exclusion criteria
were the following: pregnancy, use of contraceptives,
alcohol consumption 72 hours before, being related to
any other participant of the study. All participants signed a voluntary consent form for the use of their blood
samples in this investigation. The study protocol was
approved by the Research and Ethics Committee of the
Centro de Investigación Biomedica de Occidente, Instituto Mexicano del Seguro Social (R-2011-1305-4).

Statistical analysis
Allele frequencies were determined by direct counting of observed genotype frequencies and it was verified if the genotype distributions are consistent with
Hardy-Weinberg equilibrium. Mean values of anthropometric, clinical and biochemical parameters were
compared using Student’s t tests. Correlations between
leptin and resistin serum concentrations with anthropometric clinical and biochemical variables were evaluated by calculating Pearson’s correlation coefficients.
Analysis of variance (ANOVA) followed by post hoc
tests when necessary (Bonferroni’s or Dunnet’s T3-test)
and Student’s t tests or Mann–Whitney non-parametric
U tests were used to compare quantitative variables in
the genotype subgroups; we also assessed the dominant
genetic model for each polymorphism comparison. Results were regarded as significant when p < 0.05. For
data analysis, we used the statistical software package

Anthropometric measurements
Age and anthropometric measurements, including
height, current weight, waist circumference (WC) and
hip circumference (HC), as well as the waist-to-hip ratio
(WC/HC), were obtained. Fat mass was obtained with
the Tanita Body Composition Analyzer (TBF-300A; Tanita Corp., Tokyo, Japan), and body mass index (BMI)
was calculated as weight/height squared (kg/m2). Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were also measured.
Biochemical analyses
A fasting venous blood sample was taken from all
subjects. Glucose concentration and lipid profiles including total cholesterol (TC), triglycerides (TG), highdensity lipoprotein (HDL), low-density lipoprotein
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Table 1. Anthropometric, clinical and biochemical variables of the study population.

Variables
n
Age (years)
WC (cm)
HC (cm)
WC/HC ratio
Weight (kg)
Height (m)
BMI (kg/m2)
Body fat mass (%)
Body fat mass (kg)
SBP (mm Hg)
DBP (mm Hg)
Glucose (mg/dL)
Insulin (ng/mL)
HOMA-IR
TC (mg/dL)
TGs (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
VLDL (mg/dL)
Leptin (ng/mL)
Resistin (ng/mL)

Total population
66
21.6 ± 1.4
95.2 ± 13.8
108.7 ± 9.3
0.87 ± 0.09
81.1 ± 16.2
1.69 ± 0.1
28.5 ± 5
30.7 ± 9.2
24.8 ± 10.7
120.3 ± 11.4
82.5 ± 15.7
68.5 ± 9.2
2 ± 1.6
8 ± 6.8
160.7 ± 36.3
104.1 ± 62.1
47.5 ± 16.3
90.5 ± 33.1
22.7 ± 15.6
40.2 ± 35.5
10.8 ± 4.9

Study group
Men
28
21.5 ± 1.5
101.8 ± 14.2
109.4 ± 11.6
0.930 ± 0.07
91.0 ± 16.2
1.8 ± 0.05
28.9 ± 5.5
24.9 ± 9.8
22.8 ± 13.2
126.4 ± 11.2
83.6 ± 11.7
68.9 ± 11.1
1.7 ± 0.7
7 ± 3.2
153.5 ± 39.4
109.8 ± 69.9
42.1 ± 14.5
88.3 ± 35.1
23.1 ± 13.7
22.9 ± 16.2
10.6 ± 3.6

Women
38
21.6 ± 1.4
90.7 ± 11.8
108.3 ± 7.4
0.836 ± 0.08
73.8 ± 11.8
1.6 ± 0.08
28.2 ± 4.6
34.9 ± 6
26.2 ± 8.2
115.8 ± 9.4
81.7 ± 18.2
68.3 ± 7.7
2.2 ± 2
8.8 ± 8.5
166 ± 33.4
99.9 ± 56.4
51.4 ± 16.6
92.2 ± 32
22.4 ± 17.1
53 ± 40.4
11 ± 5.7

p value
0.829
0.001
0.646
< 0.001
< 0.001
< 0.001
0.585
< 0.001
0.200
< 0.001
0.616
0.787
0.267
0.310
0.167
0.528
0.020
0.637
0.849
< 0.001
0.818

Data are shown as the mean ± standard deviation. Data in bold type were found to be statistically significant using Student’s
t test.

IBM SPSS Statistics v. 21 (IBM Corp., Armonk, NY,
USA).

the G/A genotype was higher than that for A/A genotype
carriers (168.2 ± 35.4 vs 133.3 ± 32.1 mg/dL). In addition, we found differences in LDL levels (p = 0.005);
individuals bearing the G/G and G/A genotypes showed
higher LDL levels than A/A genotype carriers (98.7 ±
32 and 95.6 ± 29.5 vs 63.1 ± 33.4 mg/dL, respectively).
Concerning the A19G polymorphism, there were also
differences in TC values (p = 0.032), as the A/G genotype carriers had higher concentrations than G/G genotype carriers (167.9 ± 33.5 vs 139.5 ± 36.5 md/dL, respectively), and LDL levels were significantly higher (p
= 0.015) in individuals carrying the A/A and A/G genotypes than in carriers of the G/G genotype (102.4 ± 34.4
and 95.3 ± 29.7 vs 69.6 ± 34.5 mg/dL, respectively).
No significant differences were found regarding
the mean values of the analysed variables according to
the genotype distributions of the A326G, A668G and
G3057A polymorphisms in the LEPR gene (Table 4).
Analysis of anthropometric, clinical and biochemical variables according to the distribution of genotypes
of the C–420G and G+62A polymorphisms of the RETN
gene revealed significant differences only when comparing the glucose levels (p = 0.042) for the distribution
of the C–420G polymorphism, and VLDL levels (p =
0.013) for the G+62A polymorphism (Table 5). All the
significant values in the ANOVA tests remained statistically significant after the Bonferroni´s post hoc correction (p<0.05).
Finally, serum leptin concentrations were not significantly different for the LEP and LEPR gene polymorphism distributions (Tables 3 and 4, respectively) or in
the resistin levels for the RETN gene polymorphism
distributions (Table 5). Nevertheless, when comparisons for all the polymorphisms were done assuming a
dominant genetic model, leptin serum concentrations

Results
The anthropometric, clinical and biochemical characteristics of the study population are shown in Table
1. There were statistically significant differences in SBP
(p < 0.001), WC (p = 0.001), WC/HC ratio (p < 0.001),
weight (p < 0.001), height (p < 0.001), percentage of
body fat mass (p < 0.001), HDL (p = 0.020) and leptin serum concentration (p < 0.001) between male and
female subjects. The distribution of BMI between men
and women by weight groups (normal weight 18.5-24.9
kg/m2, overweight ≥25-29.9 kg/m2 and obese ≥30 kg/
m2) was also assessed and there was not statistical difference (p = 0.944) (data not shown in tables).
There were significant positive correlations of leptin
serum concentrations with HC, BMI and both percentage and kg of body fat mass, and a trend with insulin
levels (p = 0.050). In addition, there was a negative correlation with height and SBP. On the other hand, resistin serum concentrations did not correlate significantly
with any of the studied variables (Table 2).
The genotypic distribution of all the polymorphisms
in the LEP, LEPR and RETN genes were consistent with
Hardy-Weinberg equilibrium, with the exception of
the A19G variant in the LEP gene (data not shown in
tables).
Anthropometric, clinical and biochemical parameters were analysed according to the genotype distributions of polymorphisms of the LEP gene, as shown in
Table 3. There were significant differences regarding
TC (p = 0.012) according to the distribution of the G–
2548A polymorphism, as the mean value for carriers of
Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 8
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Table 2. Correlations of leptin and resistin levels with anthropometric, clinical and biochemical variables.

Variable
WC (cm)
HC (cm)
WC/HC ratio
Height (cm)
Weight (kg)
BMI (kg/m2)
Body Fat Mass (%)
Body Fat Mass (kg)
SBP (mm Hg)
DBP (mm Hg)
Glucose (mg/dL)
Insulin (ng/mL)
HOMA-IR
TC (mg/dL)
TGs (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
VLDL (mg/dL)
Leptin (ng/mL)
Resistin (ng/mL)

Leptin (ng/mL)
r
p value
0.177
0.164
< 0.001
0.435
−0.124
0.332
0.002
−0.381
0.093
0.460
0.001
0.399
< 0.001
0.574
< 0.001
0.500
0.027
−0.272
−0.028
0.820
−0.055
0.660
0.242
0.050
0.221
0.075
0.058
0.643
−0.107
0.393
0.200
0.107
0.054
0.668
−0.189
0.129
–
–
0.149
0.232

Resistin (ng/mL)
r
p value
0.134
0.296
0.027
0.833
0.173
0.176
0.050
0.690
0.063
0.615
0.051
0.683
0.190
0.126
0.114
0.362
–0.157
0.207
–0.018
0.886
–0.201
0.105
0.093
0.459
0.062
0.621
−0.145
0.245
−0.133
0.286
0.184
0.139
−0.217
0.080
−0.70
0.577
0.149
0.232
–
–

Results show Pearson correlation coefficients (r) and their respective p values. Statistically significant data are
shown in bold type (p < 0.05).
Table 3. Anthropometric, clinical and biochemical variables according to genotype for polymorphisms of the LEP gene.
Polymorphism
G–2548A
A19G
Variable
p value
p value
G/G
G/A
A/A
A/A
A/G
G/G
18 (27%)
36 (55%)
12 (18%)
10 (15%)
41 (62%)
15 (23%)
WC (cm)
92.4 ± 12.5
95.1 ± 14.8
99.9 ± 12.7
0.354
93.3 ± 13.8
95 ± 14.5
97.2 ± 12.8
0.783
HC (cm)
108.5 ± 6.4
108.6 ± 10
109.4 ± 11.2
0.967
107.7 ± 7.1
109.1 ± 9.5
108.5 ± 10.6
0.910
WC/HC ratio
0.850 ± 0.1
0.873 ± 0.1
0.915 ± 0.1
0.138
0.863 ± 0.1
0.869 ± 0.1
0.897 ± 0.1
0.525
BMI (kg/m2)
27.2 ± 2.8
28.3 ± 5
30.9 ± 6.7
0.134
27.1 ± 3.5
28.3 ± 4.7
29.9 ± 6.3
0.376
Body fat mass (%)
29.2 ± 8.4
31.2 ± 8.8
31.3 ± 12
0.744
26.2 ± 6.9
32 ± 8.6
29.8 ± 11.5
0.193
Body fat mass (kg)
22.6 ± 7.1
25.3 ± 11.7
26.6 ± 12.3
0.561
20.8 ± 7
25.7 ± 11.1
25 ± 11.6
0.440
SBP (mm Hg)
120.1 ± 10.6 119.9 ± 12.3
122 ± 10.6
0.853
120.2 ± 12.5 119.7 ± 11.4 122.1 ± 11.2
0.792
DBP (mm Hg)
82.1 ± 11.2
84.1 ± 18.6
78.3 ± 11.5
0.533
85.5 ± 13.2
80.7 ± 9.8
85.3 ± 27.1
0.510
Glucose (mg/dL)
69 ± 7.3
68.7 ± 7.5
67.3 ± 15.4
0.881
70 ± 7.5
68.3 ± 7.4
68.3 ± 14.1
0.865
Insulin (ng/mL)
1.7 ± 0.8
1.9 ± 1.3
2.6 ± 2.8
0.266
1.8 ± 0.8
1.9 ± 1.2
2.3 ± 2.6
0.678
HOMA-IR
6.9 ± 2.8
7.6 ± 5.1
11 ± 12.9
0.236
7.4 ± 3.1
7.6 ± 4.8
9.6 ± 11.8
0.595
0.012*
0.032*
TC (mg/dL)
163.9 ± 33.8 168.2 ± 35.4 133.3 ± 32.1
163 ± 38.7
167.9 ± 33.5 139.5 ± 36.5
TGs (mg/dL)
106.1 ± 67.4 109.7 ± 56.9
84.5 ± 70.8
0.480
78.8 ± 41.4
114.4 ± 59.9
92.8 ± 75.5
0.196
HDL (mg/dL)
44.1 ± 10.3
50.7 ± 17.3
43 ± 19.8
0.213
44.9 ± 11.2
49.7 ± 16.8
43.1 ± 17.8
0.355
0.005*
0.015*
LDL (mg/dL)
98.7 ± 32
95.6 ± 29.5
63.1 ± 33.4
102.4 ± 34.4
95.3 ± 29.7
69.6 ± 34.5
VLDL (mg/dL)
21.2 ± 13.4
22 ± 11.4
27.3 ± 26.8
0.537
15.7 ± 8.2
22.9 ± 12
26.9 ± 25
0.216
Leptin (ng/mL)
39.5 ± 20.4
43 ± 38.6
33.2 ± 44.7
0.718
33 ± 16.4
45.2 ± 36.6
31.4 ± 40.9
0.348
Data are presented as means ± standard deviations compared using ANOVA. Statistically significant data are shown in bold type (p < 0.05).
*Bonferroni´s correction p<0.05

Discussion

were significantly higher only in carriers of the 3057A
allele (G/A+A/A genotypes) of the G3057A polymorphism in the LEP gene compared with individuals bearing the G/G genotype (43.78 ± 39.11 vs 28.20 ± 14.12
ng/mL, p = 0.021) (data not shown in tables). Considering this last finding, we also assessed the distribution of
genotypes of G3057A polymorphism in the LEPR gene
according to BMI groups (normal weight 18.5-24.9 kg/
m2, overweight ≥25-29.9 kg/m2 and obese ≥30 kg/m2),
nevertheless, there was not statistical difference (p =
0.626) (data not shown in tables).
Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 8

To the best of our knowledge, this is the first report
concerning the G–2548A and A19G polymorphisms in
the LEP gene, the A326G, A668G and G3057A variants
in the LEPR gene, and the C–420G and G+62A polymorphisms of the RETN gene, and assessing the contribution of LEP and LEPR genotypes to the serum levels
of leptin and RETN genotypes to resistin levels.
It is remarkable that young adults in Mexico are an
understudied group. These represent an immediate tran13
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108.7 ± 7.7

0.869 ± 0.1

28 ± 4.5

29.1 ± 9.4

23.4 ± 8.4

120.9 ± 11.2

79.5 ± 7.8

67.3 ± 8.4

1.7 ± 0.1

WC (cm)

HC (cm)

WC/HP ratio

BMI (kg/m )

Body fat mass (%)

Body fat mass (kg)

SBP (mm Hg)

DBP (mm Hg)

Glucose (mg/dL)

Insulin (ng/mL)

14

100.9 ± 63.6

47.7 ± 18.3

90.1 ± 32.4

20.3 ± 12.8

43.7 ± 44.6

TC (mg/dL)

TGs (mg/dL)

HDL (mg/dL)

LDL (mg/dL)

VLDL (mg/dL)

Leptin (ng/mL)

42.5 ± 30.7

24.3 ± 18.5

97.2 ± 32.3

47.5 ± 13.9

106.3 ± 58

169 ± 33.4

9.9 ± 9.5

2.4 ± 0.4

69.4 ± 7.6

82.4 ± 12.4

118.8 ± 12

26.2 ± 12.2

31.8 ± 8.2

28.9 ± 5.4

0.872 ± 0.1

109.2 ± 10

A326G
A/G
29 (44%)
95.6 ± 15.9

26 ± 17.9

24.1 ± 13.9

73.7 ± 33.9

46.7 ± 18.9

105.7 ± 74.7

144.6 ± 29.6

6.3 ± 3

1.5 ± 0.2

69 ± 14.6

89.7 ± 30.7

122.7 ± 10.6

24.3 ± 11.7

31 ± 11.7

28.5 ± 5.4

0.898 ± 0.1

107.7 ± 1

G/G
11 (17%)
96.5 ± 12

0.353

0.608

0.134

0.986

0.947

0.148

0.151

0.129

0.686

0.198

0.596

0.619

0.546

0.796

0.661

0.906

0.915

p value

Data are presented as means ± standard deviations compared using ANOVA.

6.7 ± 3.0

158.1 ± 40.3

HOMA-IR

2

A/A
26 (39%)
94.4 ± 12.4

Variable

47.51 ± 54.7

20.81 ± 13.6

89.69 ± 27.3

49.31 ± 21.8

103.50 ± 67.7

159.81 ± 33.5

6.39 ± 3.1

1.64 ± 0.7

66.2 ± 7

79.1 ± 7.6

121.9 ± 11.7

22.75 ± 8.4

28.41 ± 9.4

28.4 ± 5.2

0.890 ± 0.1

109 ± 9.1

A/A
16 (24%)
97 ± 13

42.15 ± 29.9

22.44 ± 17.2

94.47 ± 34.5

46.18 ± 12.4

98.68 ± 52.4

163.09 ± 38.3

9.39 ± 8.9

2.29 ± 2

69.3 ± 7.8

84.2 ± 19.8

117.9 ± 11.8

26.10 ± 11.8

31.31 ± 8.7

28.9 ± 5.1

0.861 ± 0.1

109.5 ± 9.4

A668G
A/G
34 (52%)
94.6 ± 15

Polymorphism

156.5 ± 36.5

6.82 ± 3

1.65 ± 0.6

69.3 ± 13.3

82.2 ± 11.5

123.8 ± 9.4

24.06 ± 10.4

31.56 ± 10.5

27.8 ± 4.8

0.889 ± 0.1

106.9 ± 9.7

G/G
16 (24%)
95.1 ± 12.7

28.89 ± 17.6

25.19 ± 14.5

82.94 ± 36.1

48.38 ± 18.3

116.25 ± 76.8

Table 4. Anthropometric, clinical and biochemical variables according to genotype for polymorphisms of the LEPR gene.

0.305

0.729

0.521

0.797

0.654

0.835

0.250

0.241

0.513

0.567

0.195

0.565

0.539

0.770

0.466

0.671

0.858

p value

28.20 ± 14.1

23.67 ± 13.6

88 ± 36.9

48.87 ± 18.1

106.93 ± 71.6

160.53 ± 39.9

6.76 ± 3.4

1.72 ± 0.8

66.40 ± 11.9

81.27 ± 7.9

120.93 ± 13.9

22.08 ± 7.9

29.54 ± 9.5

27.55 ± 4.1

0.893 ± 0.1

106.07 ± 7.6

G/G
15 (23%)
94.93 ± 14.3

47.29 ± 45.2

21.34 ± 18

93.34 ± 33

48.63 ± 17.8

93.91 ± 59

163.31 ± 37.1

7.50 ± 5.1

1.90 ± 1.3

67.43 ± 8.6

79.49 ± 9.7

118.67 ± 10.5

25.03 ± 12.3

30.64 ± 10.1

28.57 ± 5.4

0.870 ± 0.1

109.33 ± 10.3

G3057A
G/A
35 (53%)
95.38 ± 14.3

36.09 ± 19.4

24.81 ± 11.7

86.69 ± 30.2

43.62 ± 10.7

123.75 ± 57.6

155.13 ± 32.7

10.42 ± 11.1

2.40 ± 2.4

72.94 ± 6.6

90.25 ± 26.7

123.25 ± 10.8

26.81 ± 9.1

31.79 ± 7.3

29.10 ± 5

0.865 ± 0.1

110.11 ± 8.4

A/A
16 (24%)
95.40 ± 13.2

0.192

0.741

0.763

0.564

0.281

0.762

0.262

0.443

0.083

0.069

0.409

0.466

0.800

0.684

0.640

0.435

0.994

p value
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Table 5. Anthropometric, clinical and biochemical variables according to genotype for polymorphisms of the LEPR gene.
Polymorphism
C–420G

Variable

C/C
23 (35%)

WC (cm)
HC (cm)
WC/HC ratio
BMI (kg/m2)
Body fat mass (%)
Body fat mass (kg)
SBP (mm Hg)
DBP (mm Hg)
Glucose (mg/dL)
Insulin (ng/mL)
HOMA-IR
TC (mg/dL)
TGs (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
VLDL (mg/dL)
Resistin (ng/mL)

95.6 ± 12.3
108 ± 7.9
0.884 ± 0.1
28 ± 3.6

G+62A
G/G
8 (12%)

p valuea

G/G
63 (95%)

G/A
3 (5%)

A/A
0 (0%)

p valueb

95.7 ± 15.8

92.3 ± 8.1

0.837

32.1

30.1

–

0.874

109.3 ± 10.8

108.4 ± 5.7

0.888

31.8

35.7

–

0.744

0.873 ± 0.1

0.853 ± 0.1

0.723

32.4

24

–

0.464

29.2 ± 6.1

26.4 ± 1.7

0.317

33.4

36

–

0.834

30.8 ± 10.5

30.9 ± 8.7

29.1 ± 8.6

0.880

33.2

39

–

0.637

24.2 ± 9.6

25.9 ± 12.2

21.8 ± 5.3

0.600

33.3

37.5

–

0.732

C/G
35 (53%)

119 ± 12.3

120.3 ± 11.9

123.9 ± 5.5

0.525

33.8

26.3

–

0.562

79.4 ± 13.2

85 ± 18.1

80.1 ± 8.6

0.376

34.4

14.8

–

0.089

64.7 ± 10.3

70.6 ± 7.7

70.6 ± 9.6

0.042*

32.7

50.7

–

0.119

1.9 ± 1.1

2 ± 1.7

2±2

0.962

33.6

31

–

0.837

7.5 ± 4.9

8.3 ± 8

8.2 ± 6.5

0.909

33.4

36

–

0.839

163.4 ± 34

154.1 ± 37.4

182 ± 32.7

0.132

33.7

29.5

–

0.732

97.7 ± 67.8

103.4 ± 61.8

125.5 ± 47.5

0.557

33.1

42.5

–

0.428

48.6 ± 19.6

45.1 ± 13.6

54.4 ± 16.9

0.325

33.3

37

–

0.767

89.7 ± 41.3

88.3 ± 29.2

102.6 ± 22.7

0.545

34.5

12.7

–

0.053

25 ± 21

20.7 ± 12.4

25 ± 9.4

0.531

32.3

58.7

–

0.013

10.7 ± 4.6

11.2 ± 5.5

9.6 ± 2.7

0.717

33.9

26

–

0.516

Mean values ± standard deviations were compared using ANOVA. Statistically significant data are shown in bold type (p < 0.05). Mean ranges
were compared using Mann–Whitney non-parametric U tests. *Bonferroni´s correction p<0.05.
a

b

biochemical features like the increment of the insulin
and leptin levels. It has been documented the interplay
between insulin and leptin, where insulin stimulates leptin secretion and in turn, once leptin is secreted, it diminishes the expression of insulin gene, however, if there
exists an insulin or leptin resistant state the feedback
does not control this condition (25, 26). In our young
adults, we cannot ensure if the sustained insulin resistant state appeared before, after or simultaneously as fat
mass increased. Considering the correlation of leptin
concentrations versus adiposity parameters, even when
in the present study there is no significant difference in
BMI values when comparing men and women or when
comparing them by weight groups (normal weight, overweight and obese), we found that the percentage of
fat mass is positively correlated with leptin levels. The
correlation of leptin concentration with fat mass content
has been previously described (26), whereas it has been
suggested that BMI is not the best parameter to associate with adiposity and leptin levels because it underestimates the obesity prevalence particularly in women
with leptin levels over 30 ng/mL (27).
Very low or high levels of leptin have been demonstrated in lipodystrophic or overweight/obese individuals, respectively (28). In overweight/obese individuals the increased leptin levels is the result of leptin
resistance, likely due to a deficient leptin signalling
more than an absence of leptin (29). In the present
study, women displayed higher serum leptin concentrations than men, which might be caused by a leptin
resistant state frequently observed in women given
their hormone levels. Leptin levels difference between
men and women has been documented, it is argued that
several factors are involved in the regulation of these
differences, such as fat mass content and body fat dis-

sition to adults and present a realistic picture of what
might happen in the future bearing in mind the baseline characteristics of this subgroup and also knowing
the genetic background that might contribute to specific
metabolically altered states.
It should be noted that the insulin levels and the
HOMA-IR values are high in our studied individuals,
although our own unpublished data show elevated
values in another group of previously studied subjects
within the same range of age 18-25 years. There are not
reference reported values of HOMA-IR for the young
adults (18-25 years) in Mexican population. The studies
conducted in Mexicans have included children/adolescents or adults over 30 years. Particularly in a study carried out in Mexican children and adolescents a mean value of 2.0 for HOMA-IR in subjects of 13-18 years was
established (21). In Chilean population, the established
cutoff value of HOMA-IR was 2.53 in individuals from
19 to 40 years, with normal weight and normal glucose
values (22). In Italian individuals, in ages from 2-17.8
years, the cutoff established value was 1.68 for normal
weight individuals and 3.42 for obese subjects (23).
In other study conducted in physical education male
students (18-24 years) from Poland, the mean HOMAIR was 1.54 (24). The high HOMA-IR values observed
in the individuals of the present study are an unexpected
finding, because these young adults are characterized by
an insulin resistant state and therefore they are a risk
group, for this reason, a follow up program must be established for an adequate management of these young
individuals, as well as for preventing further metabolic
alterations.
The young students who participated in this study
are also characterized by an increased body fat mass and
BMI, and these conditions could have an impact on other
Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 8
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tribution, a suggested sexual dimorphism, birth weight,
caloric restriction and physical activity (27, 29-31). In
addition, it has been described that as higher the testosterone level, the lower the leptin concentration, since it
has been shown that after a 3-month-caloric restriction
diet in obese men, there is an increment in testosterone
levels, which in turn diminishes the leptin levels and
increases the insulin sensitivity assessed by the leptin/
adiponectin ratio (30).
Another interesting finding in the present study was
that leptin/fat mass ratio is approximately 1 for men and
2 for women. In two previous studies, one conducted
by Peltz et al (32) and another carried out by Chow and
Phoon (33), it also was found that women presented
higher leptin levels with large standard deviation compared to men, however, in these studies the leptin/fat
mass ratio, 1 for men and 2 for women, was not observed. Ratio leptin/fat mass is a parameter that can be
inferred but not often reported, therefore it is difficult
to suggest the fact that leptin levels double the fat mass
content is a characteristic of the Mexican population.
In this study, we did not observe differences in serum
leptin levels regarding the genotypes of the G–2548A
and A19G polymorphisms of the LEP gene. This finding is consistent with that previously described for
the G–2548A polymorphism (34, 35). However, these
outcomes remain controversial, because in the populations from Romania (10), Brazil (36) and Tunisia (37),
the leptin concentrations differed among the genotypes.
Regarding the A19G polymorphism, the lack of association is consistent with studies conducted in Polish
(35), British (34), Italian (38) and Malaysian (39) populations, where the leptin levels did not differ with respect to genotype. However, the 19G allele was associated with serum hyperleptinaemia in a study in Tunisians
(8). Even though the G–2548A and A19G polymorphisms of the LEP gene were not associated with leptin
levels, as an interesting result of the present study, the
homozygous carriers for –2548A and 19G alleles had
the lowest TC and LDL concentrations compared with
other genotypes. These findings are in discordance with
those reported in other studies (10, 12, 37). The associations of the –2548A and 19G alleles with low TC
and LDL levels can be explained because leptin regulates lipid metabolism independent of food intake; thus,
leptin administration inhibits de novo lipogenesis and
stimulates lipolysis in adipose tissue and liver through
the sympathetic nervous system. In addition, leptin stimulates fatty acid oxidation by up-regulation of peroxisome proliferator-activated receptor γ-coactivator-1α
and decreases the storage of TG within white adipocytes
and the liver (26, 39, 40). Sequence variants in the LEP
gene might modify these processes and have an additive effect, although the functional consequence of these
polymorphisms is not very clear.
The three polymorphisms analysed in the LEPR gene
did not show an association with the anthropometric,
clinical or biochemical variables considered here. Furthermore, we found that the serum leptin concentration
was not significantly different among genotypes of the
A326G and A668G polymorphisms. This lack of association for both polymorphisms was also reported in a
study conducted in Japanese (41), which is discordant
with the results described in Koreans where the carriers
Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 8

of the G/G genotype for both polymorphisms had significantly higher leptin levels (9). In studies assessing
only the A326G or A668G polymorphisms, the results
are controversial, because in a Malaysian population the
326G allele was associated with low plasma leptin levels (12), and in other populations, no association of the
668G allele with leptin concentrations was evident (9,
10, 12, 41-43). By contrast, in obese Tunisian patients
bearing the 668G/G genotype, the leptin concentration
was diminished (5). Regarding the G3057A polymorphism, we found that serum leptin concentrations were
higher in carriers of the 3057A allele than in those individuals bearing the 3057G/G genotype (43.78 ± 39.11
ng/mL vs 28.20 ± 14.12). This finding is similar to
that reported in a study carried out in individuals from
Nauru, in which individuals homozygous for the 3057A
allele showed higher serum leptin concentrations (11);
while this seems to support our findings, other studies
did not show significant results (9, 44). Even when
the association of increased BMI with the presence of
A allele in homozygous or heterozygous state of the
LEPR G3057A polymorphism has been described (44),
we only found a non-significant tendency of increasing
BMI regarding the genotype (G/G<G/A<A/A). In addition, we assessed the genotype distribution according
to specific weight classification (normal, overweight,
obese), nevertheless, there was no association.
The relation between C–420G and G+62A polymorphisms in the RETN gene and resistin concentrations
has been assessed in some studies (13-15, 45, 46). In
this study, there was no association with either of the
two polymorphisms. However, we found that the G allele of the C–420G polymorphism was associated with
higher glucose levels, as described previously in adult
Hindu women (47) and in Japanese patients with T2DM
(45). This finding is in contrast with a study conducted
in Finnish subjects with hypertension (13). Both the C
and G alleles of the C–420G polymorphism show different affinities for stimulatory protein (Sp)1 and Sp3
transcription factors. Sp1 and Sp3 bind specifically to
DNA with higher affinity in the presence of the –420G
allele and increase the promoter activity of the RETN
gene (45, 48). On the other hand, it has been reported
that a hyperglycaemic state increases the resistin expression in rodents (48), and given that the –420G allele
increases resistin expression, these two factors might
have contributed to increased glucose levels in our study group. Therefore, we hypothesize that if the G allele
carriers of C–420G polymorphism were exposed to a
hyperglycaemic diet, this could mark the beginning of a
positive feedback where the increase in glucose concentration might stimulate resistin production, and this, in
turn, could promote sustained insulin resistance.
It has been reported that 3′ UTR polymorphisms
could affect gene expression (49-51), and it has been
proposed that the G+62A polymorphism might modify
the RETN gene expression (46). However, few publications have evaluated the effect of this polymorphism on
resistin levels. A study on a German population did not
establish any association of the G+62A polymorphism
with serum resistin concentrations (46). In a previous
study in a population from western Mexico aged 20–69
years (15), carriers of the G/A genotype showed lower
serum resistin, TG and VLDL levels. In our study popu16
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