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We aimed to investigate whether polymorphisms LEP G-2548A and LEPR Q223R in the human leptin
(LEP), and leptin receptor (LEPR) genes are associated with obesity and metabolic traits in a sample of
Romanian population. Two hundred and two subjects divided in obese (body mass index,
BMI P 30 kg/m2), and non-obese were included in this study. The polymorphisms were genotyped using
polymerase chain reaction (PCR) followed by restriction fragment length polymorphism (RFLP) analysis.
The results showed no significant differences in LEP and LEPR genotype and allele frequencies between
obese and non-obese subjects. Logistic regression analysis showed that LEP -2548GG genotype presented
an increased risk of obesity (p = 0.013, OR = 1.003, 95% CI = 1.000–1.007), after adjusting for age and gen-
der. The association analysis with metabolic syndrome quantitative traits showed that homozygous for
LEP -2548G allele had significantly higher leptin levels (17.2 ± 6.6 ng/ml vs. 13.2 ± 4.9 ng/ml, p = 0.011),
and carriers of R allele had higher levels of triglycerides (p = 0.017) and glucose (p = 0.040), and enhanced
systolic (p = 0.015) and diastolic blood pressure (p = 0.026), after adjustment for age, gender, and BMI.
These results indicate that LEP G-2548A and LEPR Q223R SNPs may not be considered as genetic risk fac-
tors for obesity in a sample of Romanian population. However, LEP -2548GG genotype appear to be
important in regulating leptin levels, whereas the LEPR 223R allele might predispose healthy subjects
to develop metabolic disturbances.

� 2009 Elsevier Inc. All rights reserved.
Obesity arises from a complex interaction between genetic var-
iance, environment, and lifestyle changes [1]. Obesity is one of the
most challenging health problems of the last century with a tre-
mendous increase in the prevalence, considered to be an important
risk factor for type 2 diabetes and cardiovascular diseases [2].

Leptin, the obese (ob) gene product [3] acts to reduce food intake
and to increase energy expenditure [4], and plays an important role
both in the development of obesity and in insulin secretion [5].
Leptin exerts its pleiotropic actions directly through distinct recep-
tors (Ob-R) encoded by the diabetes (db) gene [6]. In humans, LEP
and LEPR have been mapped to 7q31.3 [7] and 1p31 [6], respec-
tively. The long form of leptin receptor OB-Rb is thought to be
essential in leptin’s weight-reducing effects through the hypothal-
amus [7,8].
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Serum leptin level is significantly increased in obese persons
and is proportionally with body adiposity [9]. In type 2 diabetes
leptin levels have been reported to be either unchanged [10] or re-
duced [11].

The leptin (LEP) and leptin receptor (LEPR) genes have been
investigated in the search for gene variants potentially related to
the pathophysiology of obesity, diabetes and its associated compli-
cations [12]. A leptin gene SNP consisting in G to A substitution at
nucleotide (nt) -2548 upstream of the ATG start site in the LEP gene
promoter, LEP G-2548A, has been associated with adipocytes in-
creased leptin production and secretion [13–15]. Interestingly, as
for LEPR gene polymorphism, the A to G transition in exon 6 at
nt 668 from the start codon 223 (Q223R) was associated with im-
paired leptin-binding activity [16]. The LEPR Q223R polymorphism
has been associated with body mass index (BMI), fat mass, leptin
levels, and systolic and diastolic blood pressure [17]. There are
few studies dealing with the association between LEP G-2548A
and LEPR Q223R polymorphisms, type 2 diabetes, and obesity sta-
tus. Thus, in the Chinese population, LEP -G2548A showed a posi-
tive correlation with incidence of type 2 diabetes [18]. Recently,
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it was reported that LEPR Q223R polymorphism has been associ-
ated with impaired glucose tolerance and conversion to type 2 dia-
betes [19], and insulin resistance [20]. The aim of this study was to
investigate whether two common single nucleotide polymor-
phisms (SNPs) in the leptin (LEP G-2548A) gene and its receptor
(LEPR Q223R) gene are related to obesity in a sample of urban
Romanian population. Also, the influence of the LEP G-2548A and
the LEPR Q223R polymorphisms on the variability of metabolic
phenotypes (anthropometric variables, glucose, insulin and leptin
concentration, and lipid profile) was investigated.
Table 1
Clinical and biochemical characteristics of the obese and non-obese subjects.

Characteristics Obese (n = 108) Non-obese (n = 94) p

Gender (m/f, %) 30/78 28/66 0.752
Age (years) 51 ± 7 42 ± 11 <0.0001
BMI (kg/m2) 37.3 ± 5.7 24.3 ± 3.6 <0.0001
Fat mass (kg) 41.8 ± 13.3 17.9 ± 5.7 <0.0001
Waist circumference (cm) 108.8 ± 12.0 82.6 ± 12.9 <0.0001
WHR 0.90 ± 0.01 0.83 ± 0.01 <0.0001
Leptin* (ng/ml) 18.3 ± 5.9 10.7 ± 2.3 <0.0001
Cholesterol (mg/dl) 222.9 ± 50.9 203.4 ± 47.8 0.006
HDL (mg/dl) 43.8 ± 12.2 53.1 ± 14.9 <0.0001
LDL (mg/dl) 140.9 ± 36.2 112.7 ± 79.8 0.008
Triglycerides* (mg/dl) 149.8 ± 83.5 88.82 ± 67.92 0.001
Fasting glucose (mg/dl) 248.61 ± 206.45 90.67 ± 16.39 <0.0001
Fasting insulin* (lU/ml) 9.71 ± 4.74 6.30 ± 1.55 <0.0001
HOMA-IR* 4.86 ± 2.89 1.38 ± 0.39 <0.0001
Diabetes (%) 51 4 <0.0001
Hypertension (%) 39 10 <0.0001

Number of individuals in parentheses. Continuous variables are presented as
mean ± SD and were compared by t-test. Categorical variables were compared by
v2. p < 0.05 was considered as significant.
* Natural logarithmic transformations were performed before analysis.
Subjects and methods

Subjects. We studied 202 unrelated Romanian subjects divided
in obese (n = 108) and non-obese (n = 94), according to their body
mass index (BMI). Obesity was defined as BMI P 30 kg/m2 based
on criteria of the World Health Organization (WHO) classification
[21]. All participants lived in the urban area of Bucharest and
belonging to the same ethnic group. Anthropometric measure-
ments (weight, height, waist circumference, WHR waist-to-hip ra-
tio, fat mass) were taken for each individual. Diabetes mellitus was
defined according to the WHO criteria [21]. Type 2 diabetes pa-
tients were under treatment (with oral hypoglycemic agents or
insulin treatment) at the outpatient clinic of the Institute of Diabe-
tes, Nutrition and Metabolic Diseases ‘‘Nicolae Paulescu”. Hyper-
tension was defined as systolic blood pressure (SBP) > 130 mm
Hg and/or diastolic blood pressure (DBP) > 85 mm Hg. Hyperten-
sive subjects were under antihypertensive medication. Written in-
formed consent was obtained from each subject. The research
protocol was approved by the Ethical Committee of the Institute
of Cellular Biology and Pathology ‘‘Nicolae Simionescu”, Bucharest,
Romania.

Biochemical analysis. Venous blood was obtained after overnight
fasting. Fasting glucose, insulin, total cholesterol, high density lipo-
protein (HDL) cholesterol, and triglycerides levels were deter-
mined enzymatically using commercially available kits. HOMA-IR
index (homeostatic model assessment for insulin resistance) was
calculated using the formula: HOMA-IR = (Io � Go)/22.5, where Go
is fasting glucose (expressed as mg/dl) and Io is fasting insulin (ex-
pressed in lU/ml). The blood pressure readings were recorded
with the participants sitting, after 5 min resting. Serum leptin con-
centrations (expressed as ng/ml) were measured by ELISA (Assay
Design, Inc., USA). The sensitivity of the method was 0.8 ng/ml,
and the intra-assay CV was less than 6%.

Genotyping. Genomic DNA was isolated from peripheral blood
leukocyte using standard methods. Genotyping of LEP G-2548A
and LEPR Q223R was carried out using PCR-RFLP assay. DNA was
amplified using following flanking primers described previously—
F: 50-AACTCAACGACACTCTCCTT-30 and R: 50- TGAACTGACATTAG
AGGTGAC-30 for the LEP gene [22], F: 50-AACTCAACGACACTCT
CCTT-30 and R: 50-TGAACTGACATTAGAGGTGAC-30 for LEPR gene
polymorphism [23]. The protocol for PCR amplification was similar
for both polymorphisms, and was carried out in 25 ll reaction mix-
ture by using 100–200 ng DNA, 0.3 lM of each primer, 200 lM
dNTPs, 1.5 mM MgCl2, and 0.5 U of Taq DNA polymerase (Go Taq
DNA Polymerase, Invitrogen), and 10 mM Tris–HCl, pH 7.4. The
PCR consisted of an initial denaturation for 5 min at 94 �C, followed
by 35 cycles of denaturation at 94 �C for 30 s, annealing at 52 �C for
45 s, and extension at 72 �C for 60 s, and with a final extension at
72 �C for 5 min (Hybaid Thermal Cycler, UK). PCR products (262 bp
for LEP and 80 bp for LEPR) were detected on 2% agarose gel con-
taining ethidium bromide. Aliquots of the PCR products were di-
gested for 3 h at 37 �C with 5 U HhaI or MspI restriction enzymes
for the LEP G-2548A, and for the LEPR Q223R polymorphisms,
respectively. The restricted fragments were separated either on
2% agarose gel electrophoresis for the LEP variants, or on 8% poly-
acrylamide gel electrophoresis for LEPR polymorphism.

Statistical analysis. The clinical and biochemical parameters
were presented as mean values ± SD (standard deviation) and as
percentage for categorical variables. Variables that were not dis-
tributed normally were log-transformed. Comparisons between
obese and non-obese subjects were made using unpaired t-test. A
goodness-of-fit test v2 test was used for evaluation of the
Hardy–Weinberg equilibrium. Also, v2 tests were used to compare
genotypes distribution and allele frequencies and other qualitative
data. Analysis of covariance using the univariate general linear
model (GLM) tool was performed to correct for the effect of covar-
iates (age, gender, and BMI) in obese and non-obese groups. Uni-
variate and multivariate logistic regression (backward stepwise
criteria for selection of independent variables) was performed to
evaluate the association of the LEP and LEPR genotypes and meta-
bolic risk factors with obesity in our groups. Differences in anthro-
pometric and metabolic characteristics between the genotypes
(LEP -2548GG vs. LEP -2548GG+AA and LEPR 223QQ vs. LEPR
223QR+RR) were analyzed by unpaired t-tests. Differences were
considered significant when p < 0.05. Statistical analyses were per-
formed with SPSS for Window Version (10.1.1).

Results

The anthropometric and metabolic characteristics of the obese
and non-obese subjects are presented in Table 1. The prevalence
of diabetes and hypertension was higher in obese patients than
in control group (p < 0.001). Obese individuals had higher levels
of total cholesterol, LDL, and triglycerides, fasting glucose, fasting
insulin, and an increased HOMA-IR index. Also, lower levels of
HDL were observed in obese as compared to non-obese subjects
(p < 0.0001). Serum leptin levels in obese were significantly higher
than those in non-obese individuals (p < 0.0001).

The genotypes distribution and allele frequencies for the LEP G-
2548A and LEPR Q223R polymorphisms in obese and non-obese
subjects are presented in Table 2. Both polymorphisms are in the
Hardy–Weinberg equilibrium. The frequencies of alleles G and A
for LEP G-2548A polymorphism were: 0.63 and 0.37 in the obese
group, and 0.57 and 0.43, respectively, in the non-obese group;
LEPR Q223R polymorphism showed Q and R allelic frequencies of
0.54 and 0.46 in the obese group, and 0.63 and 0.37, respectively,



Table 2
Genotype distributions and allele frequencies of the LEP G-2548A and LEPR Q223R polymorphisms in obese and non-obese subjects.

LEP G-2548A polymorphism LEPR Q223R polymorphism

Obese (n = 108) Non-obese (n = 94) p Obese (n = 108) Non-obese (n = 94) p

GG 47 (43.5%) 34 (36.2%) 0.141 QQ 29 (26.9%) 33 (35.1%) 0.550
GA 42 (38.9%) 40 (42.6%) QR 59 (54.6%) 52 (55.3%)
AA 19 (17.6%) 20 (2.3%) RR 20 (18.51%) 9 (9.6%)
G allele 136 (63%) 23 (57%) 0.258 Q allele 117 (54%) 118 (63%) 0.08
A allele 80 (37%) 80 (43%) R allele 99 (46%) 18 (37%)

Data are presented as number of cases, with frequency in parentheses. Allele frequencies and genotypes distribution of the LEP G-2548A and LEPR Q223R in obese were
compared to those in non-obese subjects.
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in the non-obese group. No significant differences in genotype dis-
tribution and allele frequencies of the LEP G-2548A and LEPR
Q223R polymorphisms have been found between obese and non-
obese subjects.

To evaluate the association between obesity and metabolic and
genetic (LEP -2548GG and LEPR 223 QR+RR genotypes) risk factors
we performed univariate logistic regression. The results showed
that diabetic subjects with hypertension had higher risk of obesity
than diabetic patients (p < 0.0001, OR = 12.288, 95% CI = 5.339–
28.282). Enhanced levels of leptin, as well as increased concentra-
tions of total cholesterol, LDL, and triglycerides were also associ-
ated with obesity in the population under study (Table 3).
Subjects bearing LEP -2548GG genotype showed an increased risk
of obesity (p = 0.013, OR = 1.003, 95% CI = 1.000–1.007) than carri-
ers of A allele, after adjusting the variable to the covariates age, and
gender. Subsequent to the multivariate logistic regression analysis
we found that leptin (p = 0.011, OR = 4.465, 95% CI = 1.402–
Table 3
Univariate logistic regression analysis of the variables associated with obesity.

Variables p Odds ratio 95% confidence interval

Age <0.0001 1.101 1.064–1.140
Leptin 0.036 0.903 0.821–0.993
Cholesterol 0.008 1.008 1.002–1.015
LDL 0.009 1.010 1.003–1.018
HDL <0.0001 0.951 0.929–0.974
Triglycerides 0.005 1.006 1.002–1.010
Diabetes <0.0001 11.749 5.583–24.726
Hypertension <0.0001 12.288 5.339–28.282
LEP -2548GG# 0.013 1.003 1.000–1.007
LEPR 223QR+RR# 0.054 0.988 0.976–1.002

# Adjusted to the covariates age and gender.

Table 4
Characteristics of the study population according to LEP G-2548A and LEPR Q223R genoty

Variables LEP G-2548A

GG (n = 81) GA+AA (n = 121)

Age (years) 48 ± 9 46 ± 11
Cholesterol (mg/dl) 213.9 ± 50.0 213.8 ± 51
HDL (mg/dl) 45.1 ± 14.1 52.6 ± 15.4
LDL (mg/dl) 137.0 ± 41.3 131.2 ± 38.2
Triglycerides* (mg/dl) 135.1 ± 84.9 131.4 ± 83.2
Fasting glucose (mg/dl) 143.7 ± 65.4 145 ± 67.8
Fasting insulin* (lU/ml) 8.6 ± 3.8 8.60 ± 4.0
HOMA-IR* 3.2 ± 2.6 3.29 ± 2.63
SBP (mm Hg) 141 ± 22 136 ± 24
DBP (mm Hg) 79 ± 11 78 ± 14
Leptin* (ng/ml) 17.2 ± 6.6 13.2 ± 4.9

Data are means ± SD for the anthropometric and clinical characteristics of all subjects in t
BMI was adjusted for age and gender. The differences between means were analyzed by u
for LEP -2548GG vs. carriers of A allele and homozygous for LEPR 223QQ vs. carriers of
* Natural logarithmic transformations were performed before analysis.
14.218), fasting glucose (p = 0.020, OR = 1.034, 95% CI = 1.005–
1.064), and DBP (p = 0.014, OR = 0.848, 95% CI = 0.745–0.967) were
associated with obesity.

The influence of genetic variants LEP -2548GG vs. A allele, and
LEPR 223QQ vs. R allele, respectively, on the phenotype of the sub-
jects studied here was assessed by general linear model, after
adjustment for covariate age, gender, and BMI (Table 4). Subjects
homozygous for LEP -2548GG had higher serum leptin levels, as
compared with carriers of A allele (17.2 ± 6.6 ng/ml vs.
13.2 ± 4.9 ng/ml, p = 0.011) (Table 4). As for LEPR Q223R polymor-
phism, subjects carrying the R allele showed a non-significant
trend toward a higher serum leptin levels than the subjects with-
out this allele (15.7 ± 5.9 ng/ml vs. 14.9 ± 6.2 ng/ml). However, car-
riers of R allele in the studied group had significantly increased
levels of total fasting glucose (p = 0.040), triglycerides (p = 0.017),
and decreased levels of HDL (p = 0.035), and raised SBP
(p = 0.015) and DBP (p = 0.026), with respect to homozygous for
Q allele.

Discussion

In this study, we reported no association between the LEP G-
2548A polymorphism in the leptin gene and LEPR Q223R polymor-
phism in the leptin receptor gene and obesity, in a sample of the
Romanian population. Furthermore, we found no association of
the LEP 2548G/A polymorphism with common obesity-related
variables (BMI, fat mass, waist circumference, and WHR), and met-
abolic traits. However, significant and independent association be-
tween the LEP -2548GG carrier status and higher leptin levels was
identified. Previous studies analyzing the association between the
LEP G-2548A and obesity or BMI have been controversial. An asso-
ciation of the LEP G-2548A polymorphism and increased BMI was
reported in overweight Europeans [24] and in a sample of Taiwan-
pes.

LEPR Q223R

p* QQ (n = 62) QR+RR (n = 140) p*

NS 47 ± 10 47 ± 10 NS
NS 219.1 ± 46.0 211.50 ± 52.1 NS
NS 52.5 ± 14.2 46.3 ± 14.0 0.035
NS 138.3 ± 41..5 131.5 ± 38.5 NS
NS 125.3 ± 94.9 135.9 ± 79.1 0.017
NS 133.6 ± 67.0 148.7 ± 66.3 0.040
NS 8.95 ± 3.6 8.5 ± 4.0 NS
NS 3.0 ± 2.3 3.3 ± 2.7 NS
NS 132 ± 22 141.5 ± 23.3 0.015
NS 75 ± 14 80 ± 12 0.026
0.011 14.9 ± 6.2 15.7 ± 5.9 NS

his study. Metabolic parameters were adjusted by covariates (age, gender, and BMI);
npaired t-test. Results were presented for the dominant genetic model (homozygous
R allele, respectively). NS, non-significant.
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ese Aborigines with extreme obesity [25]. On the other hand,
numerous studies have failed to demonstrate an association
among this polymorphism and increased BMI [26,27]. Our data
point to a relationship between LEP -2548GG variant and increased
serum leptin levels in healthy subjects, and similar results were
also described for obese European, Brazilians, and Tunisian individ-
uals [14,28,29], and diabetics from Asian populations [18]. More-
over, the LEP G allele was found to be associated with increased
free leptin levels through an interaction between fat mass and gen-
der in healthy Greek individuals [30]. Conversely, carriers of LEP G
allele had lower leptin concentrations adjusted for fat mass in
overweight healthy men from French population [24]. These differ-
ent results may arise from interactions of G-2548A polymorphism
with other polymorphisms in leptin and/or leptin receptor genes,
sample size of population, or from to the model used in statistical
analysis.

Also, conflicting results regarding the association between LEPR
Q223R polymorphism and obesity have been reported [31–33].
Our results showing a lack of association of LEPR Q223R polymor-
phism with obesity and are in agreement with many other reports
indicating that it is difficult to explain human obesity on the basis
of the common mutations (LEPR Q223R) including in the human
leptin receptor gene [17,31]. Also, our findings extend previously
reported data on positive associations of the R allele with high lep-
tin levels in healthy populations [34], or in patients with insulin-
resistant phenotypes [20], since in the Romanian population stud-
ied here subjects carrying the R allele exhibited higher serum lep-
tin than those homozygous for Q allele. Regarding the association
of the R allele with metabolic traits found in our samples, there
are similar reports on the positive associations of the R allele with
obese or insulin-resistant phenotypes in young and healthy popu-
lations [16,32,34]. In contrast, some studies found an association
between 223QQ genotype and hypertension, HDL-cholesterol lev-
els, and other lipid parameters [35,36].

In conclusion, this study showed that LEP G-2548A and LEPR
Q223R polymorphisms in Romanian subjects were not associated
with obesity, whereas the LEPR 223R allele might be an important
risk factor predisposing healthy subjects to obesity. Moreover, the
presence of the 223R allele may influence serum lipid metabolism,
providing a link between this LEPR gene variant, and obesity. Fur-
ther research is necessary to ascertain the potential implications of
the LEP and LEPR gene variants for differences in the incidence and
etiology of obesity, and to elucidate the pathological processes that
link obesity with other features of the metabolic disorder.
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