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ABSTRACT
Leptin is derived from an adipocyte and acts through the leptin receptor (LEPR). Gln223Arg polymorphism of the LEPR gene
is thought to be associated with impaired signaling capacity of LEPR and with higher mean circulating levels of leptin and
obesity; therefore, it may contribute to the pathogenesis of obstructive sleep apnea syndrome (OSAS). The aim of this study
was to investigate the frequency of distribution of LEPR gene polymorphism (Gln223Arg) in OSAS patients in relation to
polysomnographic traits and phenotype.
In total, 230 men (152 OSAS patients and 78 controls) were included in the study. All participants were evaluated by
polysomnography in addition to anthropometric, metabolic, and hemodynamic variables. The relationship between these
phenotypes and polymorphism of the LEPR gene was investigated by PCR-RFLP.
There was no difference between the genotype frequencies of the Gln223Arg polymorphism in the OSAS and control groups.
However, OSAS patients carrying the R allele (RR and QR genotypes) had significantly lower Body Mass Index (BMI) than those
carrying the Q allele (QQ). OSAS patients with the RR genotype had a significantly lower diastolic blood pressure value than
those with the QQ and QR genotypes. When all participants were grouped by blood pressure, the genotype frequency of RR
individuals was more prevalent among normotensive men compared to hypertensive men.
Gln223Arg polymorphism of LEPR does not seem to be associated with OSAS. This polymorphism may, however, predispose
the carrier to reduced BMI and blood pressure. Further studies are needed to unveil the genetic basis of OSAS pathophysiology.
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INTRODUCTION
Obstructive sleep apnea (OSA) is characterized by recurrent episodes of upper airway collapse during sleep,
which in turn trigger apneas and hypopneas associated with oxyhemoglobin desaturation and arousal from
sleep (1). Elevated Apnea-Hypopnea Index (AHI) indicating the severity of the disease in conjunction with
hyper somnolence, or related problems in daytime
functioning is called OSA syndrome (OSAS) (2). Cardiovascular and metabolic abnormalities are frequent in
patients with OSAS (dyslipidemia, hypertension, and
diabetes mellitus type 2, along with their cardiovascuAddress for Correspondence: Serkan Kuccukturk
Received: 16.10.2017
Accepted: 27.11.2017

lar consequences) (3,4). Indeed, OSAS is strongly correlated with obesity and obesity-related variables such
as body mass index (BMI), neck circumference, and visceral fat deposition (5,6). Recently, it has been speculated that changes in serum leptin levels and leptin-receptor insensitivity may be involved in the pathogenesis
of progressive obesity and metabolic abnormalities in
patients with OSAS (7,8).
Given the prominence of obesity in the OSAS phenotype, the genetic underpinning of obesity is highly relevant to the study of the genetic basis of OSAS.
Furthermore, a number of genes implicated in obesity
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have also been associated with physiological systems relevant
to OSAS. For example, leptin, adenosine deaminase, and melanocortin-4 receptor are expressed in a variety of tissues and
brain sites important in the regulation of breathing (9). There is
growing evidence that leptin, in particular, may possess pleiotropic effects. In addition to its role in appetite regulation and
energy expenditure, studies on mouse models suggest that
leptin influences lung growth and respiratory control. Leptin
treatment also influences sleep architecture in rats. If confirmed
humans, these data strongly support the idea that a single gene
is implicated in several aspects of the OSAS phenotype (obesity,
ventilator control, sleep architecture) (10).

eliminate gender-specific genetic and metabolic factors that
may be involved in OSAS. Subjects were collected between the
years of 2008 and 2011.
After giving a written, informed consent individuals were evaluated on the basis of a detailed physical examination and history
for inclusion and exclusion criteria. All subjects had their height,
weight, neck circumference and blood pressure measured, and
were asked to fill out a standard sleep questionnaire (including
an Epworth Sleepiness Scale sheet; ESS) (23). Neck circumference
was measured at the level of the cricoid and waist circumference
at the level of the umbilicus. BMI was calculated as the weight in
kilograms divided by the square of the height in meters (kg/m2).
Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured twice with the subjects in the sitting position
after resting for at least 5 minutes. To define hypertension, the
SBP cut offs in all subjects were set to ≥140 mm Hg, and the DBP
cut off was set to ≥90 for hypertension and <140/90 mm Hg for
normal blood pressure (24).

Leptin acts via the leptin receptor (LEPR), which is involved
the class I cytokine receptor family. Several single-nucleotide
polymorphisms (SNPs) have been described in the human LEPR
(e.g., Gln223Arg, Ser343Ser, Ser492Thr, Lys656Asn) of which
Gln223Arg (Q223R) is the most common type (11,12). The extracellular region of the LEPR within the first cytokine domain
(C domain) containing a leptin-binding site contains the Q223R
substitution in exon 6. Consequently, the amino acid change
affects all forms of the receptor (13). Therefore this polymorphism of the leptin receptor has been associated with higher
level of circulating leptin obesity (as defined by elevated BMI),
insulin resistance, and dyslipidemia (14-19). Ogawa et al. (14)
reported that the serum soluble leptin receptor (sOB-R) level
was negatively correlated with homeostasis model assessment-estimated insulin resistance and serum leptin level and
positively correlated with high-density lipoprotein (HDL)-cholesterol and serum adiponectin levels, independent of age, sex,
and BMI, in healthy Japanese subjects . Ragin et al. (15) reported
higher mean circulating leptin levels of LEPR R223R genotype
in post-menopausal Caucasian women. Yiannakouris et al. (19)
showed that Q223R polymorphism was associated with obesity and predicts approximately 5% of body weight and body
composition variability in the Greek population. Hastuti et al.
(20) reported that Q223R polymorphism and phenotype of
obesity was associated in the Yogyakarta population. Lv et al.
(21) analyzed that there was an association between Gln233Arg
polymorphism and OSA risk in European but not for Asian populations (22).

Patients with any of the following characteristics were excluded from the study: history of cerebrovascular or cardiovascular
disease, diabetes (previous diagnosis or fasting blood glucose
>126mg/dL), endocrine disease, significant renal or hepatic
disease; age <18 or >70 years old; a diagnosis of central sleep
apnea or Cheyne-Stokes respiration; clinical manifestation of
severe chronic obstructive pulmonary disease or asthma (postbronchodilator FEV1<70% predicted); and hypertensives on
medication for hypertension.
To confirm the diagnosis, all study groups underwent full-night
standard polysomnography. The subject with AHI ≥ 5 were
diagnosed as patients (n=152); those with AHI<5 defined as
controls (n=78). The patient group consisted of overweight or
obese (BMI≥25 kg/m2, n=86) and non-obese (BMI<25 kg/m2,
n=66) individuals (25), while our control group was composed
of non-obese (BMI<25 kg/m2) individuals with no sleep or respiratory problems. The patients were further classified into three
subgroups according to the AHI of each OSAS patient: mild
OSAS (5≤AHI<15), moderate OSAS (15≤AHI<30) and severe
OSAS (≥30) (26).

MATERIALS AND METHODS

To assay for the presence of comorbid disorders, we performed
complete blood count and tests for liver, renal, and thyroid
function. Hemogram, total cholesterol, triglycerides (TG),
HDL-cholesterol, and low-density lipoprotein (LDL)-cholesterol
levels were determined, in addition to ECG, chest X ray, and spirometry. The local Ethics Committee approved this study and
written consent was obtained from every participant.

Study Population
Out of 857 admittants who had complaints of unintentional
sleep episodes during wakefulness, daytime sleepiness, unrefreshing sleep, fatigue, insomnia; or loud snoring, breathing
interruptions, gasping or choking during sleep; 230 males that
were between the ages of 18-70 were included. These patients
admitted in the sleep center with their own will and didn’t carry the exclusion criteria. Only male subjects were included to

Sleep Study
An overnight polysomnography was performed on each
subject using the digital polysomnographic system (VIASYS
Healthcare GmbH, Hoechberg, Germany). For each subject, we
obtained electroencephalograms (3 channels: C3A2, C4A1, and
O2A1), left and right electrooculograms, and a chin electromyogram from surface leads. We used nasal cannula and a thermistor to measure airflow, thoracic and abdominal belts to quanti-

The purpose of this study is to investigate the genotype distribution and the allele frequency of LEPR Q223R polymorphism
in OSAS patients and to estimate the effect of this polymorphism on metabolic and anthropometric traits.
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an independent t test was used in the other genetic models to
perform a comparative evaluation of the variables LDL and cholesterol. The results of the variables LDL and cholesterol were
expressed as mean±SD (standard deviation). To evaluate the
other clinical and biochemical variables, the Kruskal Wallis test
was performed in the co-dominant model and Mann-Whitney
U test was performed in the dominant and recessive models.
Logarithmic transformation (Log 10) was applied to triglyceride measurements, as they were not normally distributed. Log
transformation and nonparametric test results were expressed
as a back transformed mean±95% CI and median (quartile 1-3),
respectively. Odds ratios (ORs) between hypertensive and normotensive groups were obtained to establish the relationship
between the SNP allele and hypertension. Pearson correlation
was applied between AHI, BMI, waist and neck circumferences.
With the current sample size set up, an obstructive difference
between the genotypes of 8 unit would be detected with a 70%
chance at α=0.05 level. Analyses were carried out using R 2.11.1
(R Foundation for Statistical Computing, Vienna, Austria) (29). In
all analyses, a P value of <0.05 was considered to be statistically
significant.

fy respiratory effort, a tracheal microphone to record snoring, a
pulse oximeter to measure nocturnal oxygen saturation (NOS)
and heart beat speed, and a sensor to collect information on
body position during sleep. Sleep staging and respiratory event
scoring were performed manually according to the AASM criteria (26): Apnea was defined as cessation of airflow for ≥10s;
hypopnea as ≥50% reduction of baseline airflow for at least
10s and ≥3% desaturation from present baseline or in case the
event is associated with arousal; obstructive respiratory event
was scored if it meets apnea criteria and is associated with continued or increased inspiratory effort throughout the entire period of absent airflow respiratory events the which continued
thorax and abdominal movements during apnea were defined
as obstructive.
Genetic Experiments
Peripheral blood samples were obtained from all patients. DNA
was isolated from leukocytes by using phenol chloroform isolation methods (27) and maintained in 500 µl of 10 mM Tris buffer
solution. Qualitative and quantitative analysis of DNA was undertaken spectrophotometrically. The LEPR Q223R (Gln223Arg
or 668A/G-rs1137101 or Glutamine (Q) 223Arginine (R)) polymorphic region was amplified by polymerase chain reaction
(PCR). For each sample, genomic DNA of 50–100 ng/µl was used
in a 20-µl PCR reaction. Previously reported (28) 5′-ACC CTT TAA
GCT GGG TGT CCC AAA TAG-3′ forward and 5′-AGC TAG CAA ATA
TTT TTG TAA GCA ATT-3′ reverse primer pair was used for 20
μl reaction mixture in concentrations 1X buffer, 0,025 U/μl Taq
polymerase, 1.5 mM MgCl2, 0.2 mM deoxynucleoside triphosphates, and 2 mM each primer supplied by SibEnzyme (Novosibirsk, Russia). The PCR protocol used was as follows: onset of
denaturation at 94°C for 8 min, [denaturation at 94°C for 45 s;
annealing at 65°C for 45 s; extension at 72°C for 90 s] 30 cycles
and final extension at 72°C for 10 min.

RESULTS
Demographics and other parameters for both groups were
shown in Table 1. BMI (kg/m2), neck and waist circumference
(cm), systolic and diastolic blood pressure (mm Hg), ESS were
found to be higher in OSAS patients. Nocturnal mean oxygen
saturation [NOS (%)] was significantly lower in the OSAS patient
group (Table 1). 52 of the participants were hypertensive. In patients with OSAS compared to the control group was higher the
proportion of hypertensive. There was no significant difference
between patients and controls for genotype distribution and
allele frequencies of LEPR Q223R polymorphism (Table 2).
Since genotype frequencies were similar in both OSAS patient
and control groups, OSAS patients were subgrouped according
to AHI and BMI indices to discern more distinctly the potential
impact of the alleles on health. In the subgroup classified according to BMI, a significant difference in allele frequency and
genotype distribution was observed under the dominant and
co-dominant models. However, no such differences were observed with respect to AHI severity (Table 3).

Polymerase chain reaction products of a length of 416 bp were
incubated at 37ºC overnight with 10 U/μl MspI restriction enzyme (SibEnzyme, Novosibirsk, Russia) with a C^CGG (cutting
site) identification point appropriate for the LEPR Q223R polymorphism. To visualize the DNA fragments, a current of 120 V
was applied for 20 min.
Statistical Analysis
Descriptive statistics were obtained for clinical and biochemical traits. The Mann-Whitney U test was employed for initial
comparison of patient and control groups. Chi-square goodness of fit test was carried out to evaluate for Hardy-Weinberg
equilibrium (HWE) in the patient and control groups. Genotype
frequencies were compared between groups of hypertensive
and normotensive individuals. Analyses were performed using
co-dominant, dominant, and recessive models for evaluating
the potential effect of R223 (Arg) allele. Dominant or recessive
models were defined in terms of R allele effects. In dominant R
allele models, homozygous individuals for Q allele were compared with carriers of R allele. In recessive R allele models, homozygous individuals for R allele were compared with carriers of
Q allele. ANOVA was performed in the co-dominant model and

In OSAS patients, AHI was positively correlated with BMI and
both waist and neck circumferences (r=0.233, r=0.244 and
r=0.232, respectively all p<0.05).
In OSAS patients, BMI value of men who were carrying the R
allele was significantly lower than those who did not have the
R allele under the dominant model (p=0.03). Furthermore, we
observed lower diastolic blood pressure in men with the RR
genotype under the recessive model (p=0.01). Lower AHI values were also noted in men with the RR genotype under the
recessive model (p=0.04) and higher NOS values were noted
in men with the RR genotype under the co-dominant model
(p=0.001) and recessive model (p=0.002) (Table 4). However, no
associations were observed between genotypes and values of
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vs. QQ, all under a co-dominant model; OR=2.26 ([%95 CI 1.214.19], p=0.012) for QR+RR vs. QQ under the dominant model.

Table 1. Demographics and other parameters in OSAS patient
and control groups

Age (y)

Patients
(n=152)

Controls
(n=78)

p

47.00 (41-56)

46.00 (43-50)

0.500

Body Mass Index
(kg/m2)

30.31 (23.733.8)

Neck
Circumference
(cm)

43 (40-45)

Waist
Circumference
(cm)

106 (99-116)

An analysis of the systolic and diastolic blood pressures for all
groups led us to understand that both were lower in subjects
with the RR genotype. Genotypic differences in SBP were statistically insignificant under the co-dominant and dominant
models, while they were significant under the recessive model
(p=0.046) (Table 6). There was no significant difference in diastolic blood pressure between the genotypes under any of the
genetic models.

23.00 (23.1-24) <0.001

40 (38-41)

98 (94-100)

DISCUSSION

<0.001

There was no deviation from Hardy-Weinberg equilibrium in
the patient and control groups. In addition, no difference was
found in genetic distribution for OSAS patients with different
AHI. Thus, present results do not support our initial hypothesis
that the polymorphism is associated with OSAS. There is limited
data on the occurrence of LEPR Q223R polymorphism in OSAS
patients. To our knowledge, three other studies on this issue
reported results consistent with ours. Hanaoka et al. (30) and
Huang et al. (31) have demonstrated that genotype distribution
and allele frequencies did not differ in OSAS patients and controls in Japanese populations. Hanaoka et al. (30) suggested that
there was a barely significant relationship between the severity of OSAS and the dominant model including groups with or
without the R allele. Ultimately, these authors have concluded,
as we have, that the LEPR Q223R polymorphism was not directly
associated with polysomnographic traits and OSAS phenotype.
Also , Li et al. (32) reported that association between LEPR and
OSAS was not been in Chinese Han population. In contrast, Popko et al. (33) suggested that presence of an R allele in this polymorphism was associated with obesity, thereby constituting a
risk factor for OSAS. OSAS is a multi-systemic disorder related
to multiple genetic, environmental, and developmental factors
and is therefore unlikely to be determined by a single gene mutation. Maxillofacial morphology, respiratory chemo sensitivity,
sympathetic nervous system activity, muscular fatigue, hormone levels, and obesity are other parameters that may contribute to the pathogenesis of OSAS (10). Gln223Arg gene polymorphism or LEPR polymorphisms affect obesity, which is a risk
factor in OSAS. Also, the studies of population differences between OSAS and Q223R gene polymorphism are insufficient in
the literature and its role in the Turkish population is unknown.

<0.001

Apnea-Hypopnea
Index (events/h) 33.60 (19-58.1) 2.40 (1.1-4.2)

<0.001

NOS (%)

91 (89-93)

93 (92-95)

<0.001

Epworth
Sleepiness Scale

10 (6-15)

7 (3-10)

<0.001

Systolic Blood
Pressure (mmHg)

130 (120-140)

Diastolic Blood
Pressure (mmHg)

80 (70-90)

70 (70-80)

0.004

Cholesterol
(mg/dL)*

213.6±43.23

190.8±28.94

>0.05

Triglyceride
(mg/dL) *

190.57±98.30

152.06±92.80

>0.05

Low Density
Lipoprotein
(mg/dL) *

135.47±32.4

120.60±24.97

>0.05

High Density
Lipoprotein
(mg/dL) *

38.58±7.90

40.63±6.02

>0.05

Hypertensive

44 (28.94%)

8 (10.25%)

<0.05

120 (110-130) <0.001

Values were expressed as median (quartile 1-3)
*Values were expressed as mean±standard deviation
NOS: nocturnal oxygen saturation; OSAS: OSA syndrome

Obesity, central obesity in particular (5,6), is commonly identified as a major OSAS risk factor (10). However, several studies on the association between LEPR polymorphisms and BMI
have revealed mixed results. For example, Stefan et al. (34) and
Gotoda et al. (35) have claimed that Q223R polymorphism has
no effect on obesity (11) and only a weak association was established between BMI and Q223R polymorphism in the obese
Turkish population in another study (36). Yiannakouris et al. (19)
have investigated Q223R, K109R, and K656N polymorphisms
in the Mediterranean population, and suggested that not only
Q223R was not associated with obesity, but it was also a weak

waist circumference, neck circumference, lipid profiles, SBP, and
ESS scores (p>0.05) (Table 4).
When all subjects were classified according to blood pressure
(Table 5), the RR genotype appeared to be absent among individuals with hypertension. The odds ratios and 95% confidence
intervals (CI) determined suggested that Q allele carriers were at
higher risk for hypertension than R allele carriers. The odds ratio
results were as follows: OR=2.29 ([%95 CI 1.36-3.83], p=0.002)
for R vs. Q alleles; OR = 1.77 ([%95 CI 0.9-3.32], p=0.83) for QR
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Table 2. Frequency distribution of genotype and alleles in patient and control groups
Frequency of Genotype
Co-Dominant Model
Total

Dominant Model

Recessive Model

Frequency of Alleles

QQ

QR

RR

QQ

QR/RR

QQ/QR

RR

Q

R

Patients n=152

71 (46.7)

70 (46.1)

11 (7.2)

71 (46.7)

81 (53.3)

141 (92.8)

11 (7.2)

212 (69.3)

92 (30.7)

Control n=78

30 (38.5)

36 (46.2)

12 (15.4)

30 (43.8)

48 (56.2)

66 (84.6)

12 (15.4)

96 (62.5)

60 (37.5)

χ2 / p

4.22 / 0.12

1.42 / 0.26

3.80 / 0.06

2.77 / 0.09

Values were expressed as number of individual and (%)

Table 3. Genotype frequencies with regard to Apnea-Hypopnea Index and Body Mass Index in the patient group
OSAS group
(n=152)
Genotypes
Co-Dominant Model

Dominant Model

Recessive Model

Apnea-Hypopnea Index
Mild

Moderate

Severe

QQ

10 (14.1)

20 (28.2)

41 (57.7)

QR

15 (21.4)

15 (21.4)

40 (57.1)

RR

3 (27.3)

5 (45.5)

3 (27.3)

QQ

10 (14.1)

20 (28.2)

41 (57.7)

QR+RR

18 (22.2)

20 (24.7)

43 (53.1)

QQ+QR

25 (17.7)

35 (24.8)

81 (57.4)

RR

3 (27.3)

5 (45.5)

3 (27.3)

Body Mass Index
χ2 / p

1.72/ 0.42

1.68/ 0.43

3.83/ 0.15

Obese OSAS

Non-obese
OSAS

47 (66.2)

24 (33.8)

31 (44.3)

39 (55.7)

8 (72,7)

3 (27.3)

47 (66.2)

24 (33.8)

39 (48.1)

42 (51.9)

78 (55.3)

63 (44.7)

8 (72.7)

3 (27.3)

χ2 / p

8.15/ 0.02

5.01/ 0.03

1.26/ 0.35

Values were expressed as number of individuals and (%)

Lys656Asn) with BMI and waist circumference. They reported
that there was no association between common LEPR polymorphisms (Lys109Arg, Gln223Arg and Lys656Asn) and BMI or waist
circumference in a meta-analysis. In this study, we similarly concluded that the Q223R polymorphism was not associated with
neck or waist circumference in patients with OSAS.

determinant of body fat composition. In our study, in OSAS
group, AHI was positively correlated with BMI, neck and waist
circumference. Patients with OSAS were divided according to
BMI and were found to differ in genotype frequency under the
co-dominant and dominant models. We demonstrated that the
BMI values of R allele carriers were lower compared to the QQ
genotype under the dominant model. The severity of OSAS was
decreased in R allele carriers having lower BMI. Lower AHI value
in RR genotype under recessive model was distinctive. In agreement with our results, Ben Ali et al. (37) reported that in obese
Tunisian men, QR and RR genotypes were associated with lower
BMI compared to the QQ genotype . Guizar-Mendoza (28) reported that the RR genotype was more associated with lower
body fat percentage compared to QQ and QR genotypes.

We found some differences in the AHI values between the genotypes studied under the recessive model. Differences in the NOS
values were also significant across different genotypes under
both co-dominant and recessive models. Lower AHI values and
higher NOS levels in subjects with a RR genotype led us to hypothesize that the RR genotype can also have an impact on the
BMI. Additionally, diastolic blood pressure was associated with
certain genotypes under the recessive model, while systolic
blood pressure was not significantly different in the various genetic models in OSAS patients. Interestingly, patients with the RR
genotype were found to have lower blood pressure levels compared to those carrying a QQ or QR allele. Previously, Rosmond
et al. (41) revealed that the disruption of LEPR signal might affect
sympathetic activation in obese subjects. Similarly, we have examined this condition in all individuals in this study. We evaluated the frequencies of genotypes and allelic distribution after

The importance of the polymorphism in LEPR on the human
body composition has also been reported in a few studies
(38,39). Wauters et al. (39) reported that in postmenopausal Caucasian women, the total abdominal fat level, as measured by CT,
was higher in Q223 homozygotes. Also, negative results have
been reported for the polymorphism in other populations. Heo
et al. (40) analyzed entries collected from 9 studies on the LEPR
for the association between 3 alleles (Lys109Arg, Gln223Arg and
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Table 4. Demographics and other parameters compared with genetic models of OSAS patients
Genotype
Co-Dominant Model

OSAS Group
(n=152)

Dominant Model

Recessive Model

QQ

QR

RR

QQ

QR/RR

QQ/QR

RR

71

70

11

71

81

141

11

Age†

47.76±9.1

49.10±10.7

43.18±8.2

47.76±9.1

48.30±10.6

48.43±10.0

43.18±8.2

Body Mass
Index

31.22
(24.0-35.4)

24.10
(23.7-32.5)

30.45
(23-32.7)

31.22
(24.0-35.4)

24.0*
(23.1-32.7)

30.30
(23.7-34.1)

30.45
(23-32.7)

Neck
Circumference

43
(40.5-45)

42
(40-44.8)

43
(42-44.5)

43
(40.5-45)

42
(40-45)

43
(40-45)

43
(42-44.5)

Waist
Circumference

109
(99-117.5)

105.5
(99-114.5)

105
(102-110.5)

109
(99-117.5)

105
(99-115)

107
(99-116)

105
(102-110.5)

Apnea Hypopnea
Index

37
(21.2-60.7)

33.6
(17.9-59.8)

20.8
(14.7-28.4)

37
(21.2-60.7)

32
(17.5-52.5)

35.9
(19.3-61.3)

20.8*
(14.7-28.4)

NOS

91 (89-93)

91 (88-92)

93 (92.5-94)*

91 (89-93)

91 (89-93)

91 (88-93)

93 (92.5-94)*

ESS

11 (6-16)

10 (6.3-13)

10 (8.5-12)

11 (6-16)

10 (7-13)

10 (6-15)

10 (8.5-12)

SBP

130 (120-140)

130 (120-140)

120 (115-130)

130 (120-140)

130 (120-140)

130 (120-140)

120 (115-130)

DBP

80 (70-90)

80 (70-90)

70 (65-70)

80 (70-90)

80 (70-90)

80 (70-90)

70 (65-70)*

¥

(*: p<0.05; BMI: ¥QQ>QR; Values were expressed as †: Mean±SD / Other parameters: median (quartile 1-3)
NOS: nocturnal oxygen saturation; ESS: epworth sleepiness scale; SBP: systolic blood pressure; DBP: diastolic blood pressure

Table 5. Genotype frequencies of subjects with hypertensive and normotensive values
Co-Dominant Model

Dominant Model

Recessive Model

Frequency of Alleles

QQ

QR

RR

QQ

QR/RR

QQ/QR

RR

Q

R

Hypertensive (n=54)

32 (59.3)

22 (40.7)

-

32 (59.3)

22 (40.7)

54 (100)

-

86 (79.6)

22 (20.4)

Normotensive (n=176)

69 (39.2)

84 (47.7)

23
(13.1)

69 (39.2)

107
(60.8)

153 (86.9)

23
(13.1)

χ2 / p

11.279 / 0.004

6.748 / 0.012

222 (63.1) 130 (36.9)

7.841 / 0.03

9.51 / 0.001

Values were expressed as number of individuals and (%)

Table 6. Systolic and diastolic blood pressure values according to genotype distributions
Co-Dominant Model

Dominant Model

All subjects

QQ n=101

QR n=106

RR n=23

QQ n=101

SBP (n=230)

130 (110-140)

120 (110-130)

120 (110-130)

130 (110-140)

120 (110-130)

DBP (n=230)

70 (70-80)

80 (70-80)

70 (70-80)

70 (70-80)

70 (70-80)

*: p<0.05; Values were expressed as Median (quartile 1-3)
SBP: systolic blood pressure; DBP: diastolic blood pressure
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Recessive Model

QR/RR n=129 QQ/QR n=207

RR n=23

125 (110-140) 120 (110-130)*
70 (70-80)

70 (70-80)
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subgrouping according to blood pressure (hypertensive and
normotensive). We found no individuals with RR genotype in
the hypertensive group. Systolic blood pressure values were also
lower in all the RR subjects, a difference that was only statistically significant under the recessive model, while in other models,
the difference was only marginal. Odds ratios showed increased
risk of hypertension for the Q allele compared to R alelle: R vs. Q
(OR=2.29 ([%95 CI 1.36-3.83], p=0.002)). Similarly, this ratio was
high in the dominant model (QR+RR vs. QQ: (OR=2.26 ([%95 CI
1.21-4.19], p=0.012). Olivera et al. (42) reported that Gln223Arg
polymorphism was associated independently with SBP. Ping Gu
et al. (43) reported similar results, showing that the risk of hypertension is higher in Q allele carriers compared to R allele carriers.
This outcome confirms the potential protective role of the RR
genotype against hypertension (Table 6).

7.

The lack of an obese control group in our study has limited us
to show the effect of Q223R polymorphism on OSAS. Inclusion
of only male population to the study group and relatively small
size of the study group which led to under representation of the
population have been the other limitations of the study.

12.

8.

9.

10.
11.

13.
14.

According to our results, the LEPR Q223R polymorphism does
not appear to be associated with OSAS in men. Our results show
that the polymorphism is associated with lower BMI. Lower
AHI and higher NOS levels can be attributed to this decrease
in BMI. Subjects carrying a RR genotype were found to have
lower blood pressure, supporting the idea that the RR genotype may provide protection against hypertension. OSAS is a
multifactorial pathology, and therefore, a single gene mutation
cannot form the sole basis for explaining the pathophysiology
of the disease. Further studies in larger sample populations encompassing other polymorphisms (Ser343Ser, Ser492Thr, and
Lys656Asn) in the LEPR are necessary to further clarify the relationship between LEPR polymorphisms and OSAS.

15.

16.

17.
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