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ABSTRACT

Objective: Leptin is an adipokine that plays a key role
regulating body weight. Common polymorphisms in the
leptin (LEP) gene and leptin receptor (LEPR) gene are
associated with obesity and its complications. This study
investigated associations between the LEPR Q223R and
LEP G-2548A polymorphisms and body mass index
(BMD), plasma leptin levels, and biochemical parameters
in postmenopausal women.

Material and Method: The study included 115 obese and
85 non-obese postmenopausal women. The G-2548A and
Q223R polymorphisms were determined by polymerase
chain reaction-restriction fragment length polymorphism.
Plasma leptin levels, serum lipids, and anthropometric
parameters were measured.

Results: Our results showed no association between obesity
and the G-2548A and Q223R polymorphisms. The Q223R
and G-2548A polymorphisms were significantly associated
with total cholesterol in both groups. The G-2548A
polymorphism was associated with high LDL-cholesterol
levels in the non-obese group (p<0.001). Additionally, the
Q223R polymorphism was associated with leptin levels
(p=0.021), particularly in the obese group.

Conclusion: Our results suggest that the G-2548A and
Q223R polymorphisms had no direct association with
obesity in postmenopausal women. However, they had
significant effects on lipid profiles in obese and non-obese
subjects.

Keywords: Obesity, polymorphism, leptin, postmenopausal
women, adipokine. Nobel Med 2017; 13(3): 34-40
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POSTMENOPOZAL KADINLARDA LEPTIN
VE LEPTIN RESEPTOR GENLERINDEKI
POLIMORFiZMLER iLE OBEZITE
ARASINDAKI ILiSKi

OZET

Amag: Leptin, vicut agithy diizenlenmesinde ¢nemli
rol oynayan bir adipokindir. Leptin (LEP) geni ve leptin
reseptorit (LEPR) genindeki sik gortilen polimorfizmlerin
obezite ve obeziteden kaynakli komplikasyonlarla
ile iliskili oldugu gosterilmistir. Bu calismanin amact
postmenopozal kadmlarda LEPR Q223R ve LEP
G-2548A  polimorfizmleri ile obezite, viicut kitle
indeksi (VKI), plazma leptin seviyesi ve biyokimyasal
parametreler arasindaki iliskinin belirlenmesidir.

Materyal ve Metot: Calisma 115 obez ve 85 obez

olmayan postmenopozal kadm birey icermektedir.

G-2548A ve Q223R polimorfizmlerinin belirlenmesi
polimeraz zincir reaksiyonu-restriksiyon parca uzunlugu
polimorfizmi (PCR-RFLP) ile gerceklestirilmistir. Calisma

kapsaminda plazma leptin ve serum lipit seviyeleri,

antropometrik parametrelerin 6l¢timi yapilmustir.

Calisma sonucunda G-2548A

Q223R polimorfizmleri ile obezite arasinda iligki

Bulgular: ve
saptanmamistir. Obez ve obez olmayan kisilerden
olusan her iki grupta da Q223R ve G-2548A
polimorfizmleri ile total kolesterol seviyesi arasinda
istatistiksel olarak anlamh iliski gdzlemlenmistir.
Obez olmayan kisilerden olusan grupta, G-2548A
polimorfizmi ile yitksek LDL-kolesterol seviyesi
arasinda ilisiki oldugu belirlenmistir (p<0,001).
Ayrica obez grupta leptin seviyeleri ile Q223R
polimorfizmi iliski saptanmistir (p=0,021).

Sonug: Sonuclarimiz  postmenopozal kadinlarda
G-2548A ve Q223R polimorfizmleri ile obezite
arasinda direkt bir iliskili olmadigini gostermektedir.
Fakat polimorfizmlerin hem obez hem de obez
olmayan bireylerde lipid profilleri tizerine énemli bir
etkisinin oldugunu dustintilmektedir.

Anahtar kelimeler: Obezite, polimorfizm, leptin,
postmenopozal kadinlar, adipokin. Nobel Med 2017,
13(3): 34-40

INTRODUCTION

Obesity is a problem for women in all age groups,
particularly after menopause. Menopause, which
is a consequence of hormonal changes, including a
decline in growth hormone and estrogens, involves an
increased risk of overweight and obesity.! Hormonal
changes that occur during menopause may contribute
to higher accumulation of adipose tissue, particularly
within the abdominal cavity.? Obesity and increased
central fat are associated with increased morbidity
and mortality.>* Intra-abdominal fat cells produce
a wide range of protein signals and factors called
adipokines, such as leptin. Leptin is one of the most
important adipose-derived hormones that plays a key
role regulating energy intake and energy expenditure,
including appetite control and metabolism; it is
present in the circulation in amounts proportional to
body fat mass.

Postmenopausal women are characterized by elevated
levels of leptin based on increased body fat mass, which
is a consequence of the decline in estrogens.® Several
studies have suggested that the percent of body fat may
be the best adiposity-related predictor of serum leptin
level in postmenopausal women.” Surprisingly, some
studies have demonstrated the leptin could be involved
in breast cancer, bone diseases, cardiovascular disease,
and diabetes mellitus in postmenopausal women and
enhance the progression of these conditions associated
with obesity. "2

The leptin (LEP) and leptin receptor (LEPR) genes have
been extensively studied in search for genetic variants
that could be important in the pathophysiology
of obesity, diabetes,
complications.”>!* Several polymorphisms have been

human and  associated
identified in these genes. One of these polymorphisms
is a common G-2548A (rs7799039) leptin promoter
variant, which results from a G to A substitution at
nucleotide -2548 upstream of the ATG start site in
the LEP gene.” The G-2548A polymorphism has
previously been shown to be associated with adipocytes
and increased leptin production and secretion.'®!®
The Q223R polymorphism (rs1137101) is located
within the region encoding the extracellular domain
of the leptin receptor and results from a change in a
glutamine to an arginine at position 223 of the LEPR
protein. The Q223R polymorphism is associated with
a decrease in leptin binding activity resulting in leptin
resistance.'

The associations between the Q223R and G-2548A
polymorphisms postmenopausal
with breast cancer and bone diseases have been

in women
investigated extensively, but studies involving healthy
postmenopausal obese women are limited. The aim
of this study was to investigate whether two common
single polymorphisms in the leptin (LEP G-2548A)
gene and its receptor (LEPR Q223R) are related to
obesity in postmenopausal women. A further aim was
to examine the influence of the LEP G-2548A and
LEPR Q223R polymorphisms on lipid parameters,
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Table 1. Baseline characteristics of the populations.
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Parameter sumz:;:l}f‘iess) Uhef::ﬂlg; cts p-value
Age 56.545.21 5794817 009
Age at menopause (y) 47.86+4.25 48,85+ 014
Menapausal period (y) 8+5.08 8.8745.7 026
BMI (kg/m?) 237415 33747 <0001
Waist circumference (cm) 80.94+88 109.7£164 <0001
Hip circumference (cm) 98.5+64 118.8+138 <0.001
Fasting glucose (mg/dL) 93.75+5.8 104.3+17 <0.001
Total cholesterol (mg/dL) 210422 2304318 <0.001
LDL-cholesteral (mg/dL) 1252174 136.5+286 0.0012
HDL-cholesteral (mg/dL) 592477 51448.71 <0001
Triglycerides (mg/dL) 104431 1211+44.75 <0.001
HOMA-IR 191407 351£1.78 <0001
Leptin (ng/ml) 914443 2094+1161 <0.001
Data are expressed as means + standard deviation and were compared by the ¢test,
BMI: body mess index, LDL: low-density lpoprotein, HDLL: high-density lipoprotein
HOMA-IR: homeostasis model assessment of insulin resistance.

homeostasis model assessment-estimated insulin

resistance (HOMA-IR), and plasma leptin levels in
obese and non-obese subjects.

MATERIAL AND METHOD
Subjects

This prospective study enrolled patients who visited
the outpatient clinic of the Obstetrics and Gynecology
Department at Near East University Hospital. The
two groups consisted of 115 obese postmenopausal
women patients (mean age, 57.9+6.17 years; body
mass index [BMI], 33.7+7 kg/m2) and 85 non-obese
postmenopausal women (mean age, 56.5+£5.21 years;
BMI, 23.7+1.5 kg/m2). All women were considered
postmenopausal because they had no menstruation for
atleast 1 year. Women with any of the following criteria
were excluded: surgical menopause or ovarian surgery,
early menopause at <40 years, underlying diseases
known to affect age at menopause and previous or
current use of estrogens. None of the participants had
hypertension or liver, kidney, thyroid, cardiovascular,
or any active inflammatory disease, and they were
questioned about any medical therapy that might affect
lipid and glucose metabolism. The participants did not
receive any medications and did not participate in any
diet or exercise program during the study. All subjects
provided written informed consent before enrollment.
The Near East University Research Ethics Committee
approved the study (YDU/2016/38-306).

Anthropometric Measurements

All measurements were performed in the morning
with the patients in a fasted state. Anthropometric
measurements, including weight (kg), height (m),
hip circumference (cm), and waist circumference
(cm) were measured with the subjects barefoot and
in light clothing. Hip circumference was measured by
placing a tape around the patient’s hips at the level of
the prominences over the greater trochanters of both
femurs. Waist circumference was measured midway
between the lowest rib (laterally) and the iliocristale
landmark with a tape. BMI was calculated as body
weight (kg) divided by the square of height (m?), and
obesity was defined as a BMI 230 kg/m?*%°

Biochemical Parameters

Blood samples were obtained after an overnight
fast. Levels of serum glucose, triglycerides, total
cholesterol, high-density lipoprotein
(HDL-C), and low-density lipoprotein cholesterol
(LDL-C) levels were measured using an automated
clinical chemistry analyzer (Abbott ArchitectC8000;
Abbott Park, IL, USA). Fasting insulin concentrations
were measured using an electrochemiluminescence
kit (Ref. 12017547; Elecsys Corp., Lenexa, KS, USA).
Insulin resistance index values were calculated using
the HOMA-IR, as the product of fasting insulin (uU/
mL) and fasting glucose (mmol/L) divided by 22.5.*

cholesterol

Plasma leptin levels were measured using a
commercially available enzyme-linked immunosorbent
assay human leptin kit (EIA-2395; DRG International,
Inc., Springfield Township, NJ USA). Human leptin
kits were used according to the manufacturer’s

protocol. The results are expressed in ng/mL.
Genotyping

Genomic DNA was extracted from whole blood using
a salting out procedure.22 Genotyping of the G2548A
(rs7799039) and Q223R polymorphisms (rs1137101)
was carried out using the polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP)
assay with primer pairs described previously.'>*

PCR reactions were performed in a total volume of 50
wl using 1 pg genomic DNA, 0.4 uM of each primer,
23.5 ul nuclease-free water (Fermentas International
Inc., Quebec, ONT, Canada), and 25 pl DreamTaq PCR
Master Mix (Fermentas International). PCR consisted
of one cycle of initial denaturation for 2 min at 95°C,
followed by 32 cycles of denaturation for 30 sec at
95°C, annealing for 30 sec at 54°C, extension for 30
sec at 72°C, and a final extension at 72°C for 10 min.
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Table 2. Anthropometric and metabolic characteristics across LEPR 0223R genotypes of obese and non-obese postmenapausal women.
Pacameler Non-obese subjects Obese subjects

00 (n=38) | QR(n=25) | RR(n=22) | p-value 00 (n=40) | QR (n=48) | RR (n=27) p-value
Age 56+4.33 554441 b8+7 0.13 58.346.85 57145.72 59454 0.39
Age at menopause (y) 48478 473443 48.6+245 061 48.6+4.19 4945+4.96 47.90+6.45 042
Menopausal period (y) 8+5.42 18624.21 8.62+5.69 0.86 9.26+6.18 8814482 1009164 0.64
BMI (kg/m?) 28.7£16 23155 238121 0.12 33.34647 336£7.1 34.3+78 084
Waist circumference (cm) 85.2+11.86 84.9+5.82 85.5+11.2 098 1044+13.25 107+20.3 109+793 049
Hip circumference (cm) 98.7£7.3 97.4+6.34 98.76+4.10 0.68 1661514 | 117.2+1318 11941222 08
Fasting glucose (mg/dL) 94.86+7.34 92.36+3.84 94.25+54 0.26 1008+11.14 107+215 105+108 021
Total cholesteral (mg/dL) 2004234 2102+188 200401 4 004 21838.7 22544269 2024254 0019
LDL-cholesterol (mg/dL) 1258£176 1231£168 | 1309 £15.68 0.28 13563512 | 137.3+24.34 13623 095
HDL-cholesteral (mg/dL) 609+6.27 08485 56+8.1 021 53.3+10 51.6+6.64 024435 063
Triglycerides (mg/dL) 1024309 1039305 1062311 0.88 126.2+435 12515006 | 1345£25.95 0.64
Leptin (ng/ml) 8.86+4.87 917+3.78 9.58+4.16 0.82 17.03+9.58 2+128 2484+11.49° 0021
HOMA-IR 191107 1.87+048 1.98+0.26 0.88 298+1.67 366+1.89 394+2.78 007
Data are expressed as means + standard deviation. Analysis of variance followe by Tukey's test was performed to compare subgroups. BMI: bady mass index, LDL: low-density lipoprotein, HDL: high-densty liopratein,
HOMA-IR: homeostasis model assessment of insulin resistance. * Significant difference from QQ genotype by post hoc Tukey's test.  Significant difference from QQ genotype by post hoc Tukey's test. : Significant difference
from QQ genotype by post hoc Tukey's test. *: p<0.05

PCR products for the LEPR Q223R polymorphism
were digested for 2 hours at 37°C with 5 U of the
Mspl restriction enzyme (Fermentas International). In
cases of mutation, the Mspl site was naturally created
in a Q223R variant allele and produced fragments of
173 and 469 bp, which were separated on 2% agarose
gels with ethidium bromide staining.

PCR products for the LEP G2548A polymorphism
were digested for 2 hours at 37°C with 5 U of the
Hhal restriction enzyme. In cases of mutation, the
Hhal site was naturally created in the G2548A variant
allele, and the resulting fragments were separated on
2.5% agarose gels with ethidium bromide staining.

Statistical Analysis

The
expressed as means + standard deviations. Differences

distributions of continuous variables are
in baseline characteristics between the groups
were analyzed by Student’s t-test and the 2 test
for continuous variables and categorical variables,
respectively. Analysis of variance was used to
compare the means of continuous variables among
the three genotype subgroups. Differences among
the three genotype subgroups in the mean values of
the continuous variables were confirmed by a post
hoc Tukey’s test. A P value <0.05 was considered
significant. All statistical analyses were performed
using SPSS software (ver. 15.0; SPSS Inc., Chicago,
IL, USA).

RESULTS

Descriptive statistics for the anthropometric and
metabolic characteristics of the study population are
presented in Table 1. No differences were observed in
mean age, age of menopause, or menopausal duration
between the obese and non-obese subjects. Additionally,
plasma glucose, total cholesterol, triglycerides, LDL-
cholesterol, and leptin levels were significantly higher,
whereas HDL-cholesterol was significantly lower
(p<0.001), in obese subjects than in non-obese subjects.
Non-obese subjects had significantly lower HOMA-IR
compared to obese subjects (p<0.001).

Analysis of the LEPR gene produced three different
genotype variants: QQ for the wild type, the heterozygote
QR, and the homozygote RR for the polymorphism.
The LEPR genotype frequencies were calculated and
were 34.8% for QQ, 41.7% for QR, and 23.5% for
RR in obese subjects. The frequencies of the QQ, QR,
and RR genotypes were 44.7%, 29.4%, and 25.9%,
respectively, in non-obese subjects. No differences in
the Q223R polymorphism genotype frequencies were
detected between obese and non-obese subjects.

The Q223R polymorphism allele frequencies were
calculated. The frequencies of the Q allele of LEPR
(found in 59.4% of non-obese subjects and 55.7% of
obese subjects) and the R allele (found in 40.6% of
non-obese subjects and 44.3% of obese subjects) did
not differ between obese and non-obese subjects.
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The Q223R polymorphism was significantly associated
with levels of total cholesterol in non-obese subjects
after adjustment for BMI and age (p=0.04). Post hoc
comparisons in non-obese subjects showed that RR
homozygotes had a significantly higher mean value
compared to that of the QQ homozygotes. A significant
association was found between Q223R and total
cholesterol (p=0.019) and leptin (p= 0.021) levels
in obese women. The post hoc Tukey’s test showed
significant differences in total cholesterol and leptin
levels between the QQ and RR genotypes (p<0.05)
but not between the QQ and QR genotypes of obese
subjects (Table 2).

The frequencies of the G and A alleles in G-2548A
were 56.5% and 43.5%, respectively, in the non-obese
group and 53% and 47%, respectively, in the non-
obese group. No differences in the allele frequencies
of the G-2548A polymorphism were found between
obese and non-obese subjects (p=0.54). The genotype
frequencies of obese group subjects were 33% for GG,
40% for GA, and 27% for AA, whereas they were 40%
for GG, 33% for GA, and 27% for AA in non-obese
subjects. No differences in the genotype frequencies
of the G-2548A polymorphism were detected between
obese and non-obese subjects (p=0.51).

The G-2548A  polymorphism was significantly
associated with total cholesterol and LDL-cholesterol
levels in non-obese subjects after adjustment for BMI
and age (p<0.001). Post hoc comparisons in non-
obese subjects showed that the AA homozygotes were
associated with significantly higher total cholesterol and
mean LDL-cholesterol levels compared to the GG and
GA genotypes. Additionally, obese women homozygous
for AA had significantly higher levels of total cholesterol
(p=0.02) compared with women homozygous for
GG and heterozygous for GA. The post hoc analysis
revealed that women with the AA genotype had higher
total cholesterol levels than did women with the GG
genotype, and the mean total cholesterol values of the
GA and AA genotypes did not differ significantly (Table
3).

DISCUSSION

Leptin is a hormone that reduces food intake and
increases energy expenditure after binding to the leptin
receptor.”* Several studies have examined the association
between LEP G-2548A polymorphisms and BMI in
obese subjects and the potential association between this
polymorphism and breast cancer in postmenopausal
226 We found no research on the association
between the G-2548A polymorphism genotypes and

women.

BMI or on the influence of this association on the
pathophysiology of obesity in postmenopausal women.

Thus, this is the first study of the potential effect of the
G-2548A polymorphism on obesity in postmenopausal
women. Our results show no association between the
G-2548A gene polymorphism and obesity. The results
of studies that examined genetic changes in the LEP gene
that could be related to obesity risk in women who were
not postmenopausal are controversial. Yiannakouris et
al. and Mammeés et al. showed that the genotypes of the
G-2548A polymorphism are not associated with BMI
in Greek and French women.'®*" In contrast, Li et al.
reported that the -2548G/A polymorphism is associated
with extreme obesity in northern Caucasian women.”®

The LEPR gene has been investigated in the search for
gene variants potentially related to the pathophysiology
of obesity in postmenopausal women, and conflicting
results have been reported. Quinton et al. investigated
the LEPR Q223R polymorphism in postmenopausal
Caucasian women and reported an association with
BML' In another study, Fairbrother et al. showed
an association between GIn223Arg and BMI in
postmenopausal Danish women.* Conversely, Lee et al.
showed no significant association between the Q223R
polymorphism and BMI in postmenopausal Korean
women.” Our present results provide no evidence
for a relationship between the Q223R polymorphism
and BMI. These conflicting results may arise from
interactions between the Q223R polymorphism and
other polymorphisms in the leptin and/or leptin
receptor genes, ethnicity, sample size of the population,
or model used in the statistical analysis.

Itis now well established that females are more protected
from hypercholesterolemia-related ~diseases before
menopause. The cessation of ovarian function after
menopause results in a loss of estrogens, which disrupts
homeostasis by, for example, decreasing leptin secretion
and changing lipid metabolism, and which results in a
total reduction in energy expenditure.” The metabolic
effects of leptin and estrogen on cholesterol metabolism
may be mediated by a common pathway involving
activation of 5'-AMP-activated protein kinase (AMPK).?!
AMPK was initially identified as a protein kinase that
inhibits  3-hydroxy-3-methylglutaryl coenzyme A
reductase (HMG-CoAR). Leptin  phosphorylates
and activates AMPK via central and peripheral
mechanisms.*? Leptin  signaling-deficient — models
show a loss of circadian rhythmicity in HMG-CoAR
activity.” Takahashi-Yasuno et al. and Boumaiza et al.
reported that the Q223R and G-2548A polymorphisms
are associated with total cholesterol.*** On the other
hand, estrogen induces a decline in hepatic HMG-CoAR
activity. Moreover, low HMG-CoAR expression in
females indicates neo-synthesis of cholesterol and could
be related to the well-known observation that females
are more protected against hypercholesterolemia
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Table 3. Anthropometric and metabolic characteristics across LEP G2648A genotypes of obese and non-obese postmenapausal women.
Parameter Non-obese subjects (n=85) Obese subjects (n=115)

GG (n=34) GA (n=28) AA (n=23) p GG (n=38) GA (n=46) AA (n=31) p
Age 5644649 548+4.1 57.06+3.66 0.26 572455 56.746.24 584+6.27 047
Age at menopause (y) 48.57+4.26 46.3+4.43 48.15+4.35 0.1 48.09+4.68 48.03+5.21 4812513 088
Menopausal period (y) 1.254h 8.26+5.23 8+4.2 069 8.21+6.06 8.16+5.08 9.84+6.86 04
BMI (kg/m?) 236+1.64 237+145 2413113 0.38 32.2+5.88 303484 34414642 013
Waist circumference (cm) | 85.9+1045 84.2+41.73 85.5+12 079 105.5+208 108+14.08 114341831 008
Hip circumference (cm) 976474 98.8+6.77 98.06+8.41 081 116.3+1649 | 1195£1281 178158 082
Fasting glucose (mg/dL) 94.3+11 92.8745.72 94674515 0.58 102.2+18.8 108+26.58 103.26+104 0.39
Total cholesteral (mg/dL) 198415 024N 229+13.09a <0001 219+33.7 2064251 238.9+33.52¢ 002
LDL-cholesteral (mg/dL) 119+15.3 1252182 13917.28 <0001 131.3+31.45 135.6+216 1424292 027
HDL-cholesteral (mg/dL) 074794 61+6.56 60.1+8.44 0.10 524829 51.3+6.86 53.32+10.72 059
Triglycerides (mg/dL) 102+24.45 104+35.75 109.6+25.27 061 19.3+4183 | 127545121 136.7+33.24 0.26
Leptin (ng/ml) 9874481 8.98+4.38 7854392 0.23 24241316 | 21041112 19.74+1049 063
HOMA-IR 1.83+043 1.8740 44 1924035 091 322+1.19 3.719£241 360+1.59 037
Data are expressed as means + SD. For the comparison of subgroups, analysis of variance followed by ANOVA was performed. BMI: body mass indes, LDIL: low-density lipoprotin, HDLL: high-density ipoprotein
HOMA-IR: homeastasis model assessment of insulin resistance. * Signifcant difference between GG genotype and GA genotype by post hoc Tukey test.: Signifcant difference between GG genotype and GA genatype by post
hac Tukey test.  Significant difference from GG genotype by post hos Tukey test. *: p <005

before menopause. Unfortunately, we found no
research on the influence of the Q223R and G-2548A
polymorphisms on cholesterol metabolism in healthy
postmenopausal women. Thus, this is the first study
of the potential effect of the Q223R and G-2548A
polymorphisms on total cholesterol levels. Taken
together, the depletion of estrogen in combination with
the LEPR and LEP gene substitutions after menopause
could cause several metabolic changes in cholesterol
metabolism that facilitate dyslipidemia and obesity.

The Q223R polymorphism located  within

the extracellular domain of the leptin receptor,

is

and the amino acid change affects the functional
characteristics of the receptor and alters its signaling
pathways. Quinton et al. showed that serum leptin
binding activity and leptin levels are higher in
postmenopausal Caucasian women who are carriers
of the A allele than in those who are homozygous for
the G allele.' Berezina et al. investigated metabolically
healthy and unhealthy women carriers of the 223R
allele in the leptin receptor gene and found higher
leptin levels in this group than in individuals with
the Q223Q genotype.*® Furthermore, leptin levels
are higher in metabolically unhealthy obese women
with the R223R genotype than in women who are
carriers of the 223Q leptin allele. We also found that
obese postmenopausal women with the RR genotype
had significantly higher plasma leptin levels than did
subjects with the QR and QQ genotypes. Therefore,
it can be concluded that the Q223R polymorphic
variation in the LEPR gene may be associated with

changes in ligand binding activity resulting in leptin
resistance and differences in leptin levels.

The strength of the current study is that it was performed
inawell-characterized cohort of postmenopausal women
with and without obesity. The main limitations of this
study were the lifestyle characteristics, which affected
the relationships between gene variants and phenotype.
Second, only a limited number of polymorphisms in the
LEP and LEPR genes were analyzed.

CONCLUSION

In conclusion, our results suggest that the LEP G-2548A
and LEPR Q223R polymorphisms are not associated
with obesity, but they do have significant effects on lipid
profiles and leptin levels. Based on the literature and
our findings, the G-2548A and Q223R polymorphisms
appear to play a role modulating energy homeostasis in
postmenopausal women through an unknown feedback
mechanism between leptin and estrogen signaling
pathways. Indeed, there may be a cumulative effect
when combining different factors, such as ethnicity,
pleiotropic genotype effects, lifestyle, and nutritional
factors, and this may affect energy homeostasis and
explain the increase in BMI. Further assessment of
this issue with a larger cohort that includes all possible
polymorphisms and molecules that may play a role in
the estrogen activity in adipose tissue is required.

*The authors declare that there are no conflicts of
interest.
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