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Background. Several studies have shown an association between codon 16 polymorphism of the β2AR gene and obesity. Methods.
We studied the association between Arg16Gly polymorphism and obesity and its influence on anthropometric parameters, lipids,
insulin resistance and leptin in Saudi individuals. The study group included 329 individuals (males: 109 and females: 220).
Metabolic parameters, including glucose, lipids, insulin, and leptin were analyzed and anthropometric parameters including
waist and hip circumference, waist/hip (W/H) ratio, and body mass index (BMI) were measured and HOMA-IR was calculated.
Genotyping was conducted by DNA sequencing of 353 bp fragments, carrying the Arg16Gly polymorphic site. Results and
Conclusion. Overweight and obese subjects had a significantly higher frequency of Gly16 (0.375 and 0.38, resp.) compared with
normal-weight subjects (0.200). In addition, subjects carrying Gly16 allele regardless of their BMI had greater waist and hip
circumference, W/H ratio, plasma lipids, leptin, glucose level, and insulin resistance as judged from the HOMA-IR, compared to
those with the wild-type allele. The findings of this study show a significant association between the Arg16Gly polymorphism in
β2AR gene and the development of insulin resistance, overweight, and obesity in Saudi populations with an influence on the levels
of lipid and leptin.

1. Introduction

Obesity is a global pandemic with multifactorial etiology,
where genetic, behavioral, and environmental factors con-
tribute to its development [1]. The search for obesity genes
has been actively pursued for the last two decades. Owing to
the polygenic nature of obesity, several genetic loci have been
implicated in susceptibility to obesity development, under
the influence of environmental and behavioral factors [2, 3].
For over two decades, interest has been directed towards the

genes involved in the regulation of catecholamine function,
due to the central role played by catecholamine in the regu-
lation of energy expenditure [4]. One such group of genes is
the adrenergic receptors genes (α and β), as catecholamines
bind to α- and β-adrenergic receptors; they regulate body
fat accumulation and account for energy expenditure. This
regulation is in part affected by the stimulation of lipid
mobilization through lipolysis activation in fat cells [5, 6].
The β2-adrenergic receptors (β2ARs) are G-protein coupled
receptors, widely distributed in the body. Activation of
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β2ARs expressed in adipocytes mediates lipolysis, while
stimulation of α2-adrenergic receptors (α2ARs) inhibits
lipolysis [7]. In addition to lipolysis, they also mediate vaso
and bronchial dilation. Insulin is also an important inhibitor
of catecholamine-stimulated lipolysis as it reduces the β2AR
effects of epinephrine and activates α2AR in adipocytes [4].

Several polymorphisms of the human β2AR gene have
been described [8, 9]. The β2AR gene is highly polymorphic
and single nucleotide polymorphisms (SNPs) are known to
affect β2-receptor affinity, signal transduction, and cellular
trafficking in vitro [10, 11]. Studies on some ethnic groups
have shown that a common polymorphism occurring in
codon 16 of the β2AR gene is significantly associated with
obesity, insulin resistance, and dyslipidemia [12–24], though
reports from other populations contradict these results
[24–27]. Some of these studies report a gender-specific
association.

In the Saudi population, obesity occurs at a high
prevalence [29–31] and several genetic loci linked to the
development of obesity have been investigated [32, 33].
In an attempt to investigate the association of the com-
mon Arg16Gly β2AR polymorphism with obesity in Saudi
subjects, we conducted a case-control study on normal-
weight, overweight and obese individuals. We included
leptin a 16 kDa nonglycosylated polypeptide, referred to
as the obesity hormone, which plays an important role
in the regulation of body fat [34, 35]. The secretion of
leptin is affected by food intake, total body fat, and serum
levels of several hormones [36], including insulin, and to
a lesser extent other peptide hormones. We attempted to
investigate the influence of Arg16Gly β2AR polymorphism
on the leptin levels. This paper describes the results of our
studies and shows correlation of the polymorphism with
anthropometric and metabolic parameters obtained in the
normal, overweight, and obese Saudis.

2. Materials and Methods

2.1. Study Group. This study included 329 unrelated Saudi
men (n = 109; 33.1%) and women (n = 220; 66.9%), with
ages ranging from 18 to 36 years. To avoid selection bias,
the individuals were randomly enrolled from a nationwide
population attending King Saud University as students or
staff members and were individuals who volunteered to
be included in the study. Informed written consent was
obtained from all study subjects before participation. The
study was approved by the local ethics committee of the
university (no. 8/27/127228).

2.2. Anthropometric and Biochemical Measurements. Anthro-
pometric measurements included BMI (kg/m2), waist and
hip circumference, and waist-to-hip ratio (WHR). For labo-
ratory studies, blood was sampled in the morning between
08.00 h and 09.00 h after an overnight fast. 5 mL of blood
was drawn in plain red-top tubes for the determination of
leptin, insulin, and lipids and 2 mL was drawn in fluoride
tubes (gray top) for glucose estimation. 5 mL of blood
was collected in EDTA-coated tubes for DNA extraction.

All blood samples for each subject were immediately cen-
trifuged, and plasma, serum, and buffy coat were stored
at −80◦C until analysis. Plasma glucose was determined in
duplicate by a glucose-oxidase method adapted to an autoan-
alyzer (Hitachi 704, Boehringer Mannheim, Germany). Total
cholesterol, triglycerides, high-density lipoprotein (HDL-
cholesterol) and low-density lipoprotein (LDL-cholesterol)
were determined by enzymatic methods using commercial
kits (Boehringer Mannheim). Plasma insulin and leptin con-
centrations were determined by radioimmunoassay (RIA;
Human Insulin-Specific RIA kit and Human Leptin RIA kit,
respectively, Linco Research, St Louis, MO). The value of
HOMA-IR was calculated using the standardized formula
[37]: glucose (mmol/L) × insulin (mU/L)/22.5.

2.3. Genotyping of β2AR Polymorphism. The genomic DNAs
of 329 subjects were extracted from peripheral blood leuko-
cytes using Gentra Systems Kit (Minneapolis, MN, cat no.
D5500). The DNA fragment containing codon 16 of the
β2AR gene was amplified by polymerase chain reaction
(PCR) using a sense primer (5′-AAGCTGAGTGTGCAG-
GACGA-3′) and an antisense primer (5′-AGACGCTCG-
AACTTGGCAAT-3′) designed using PRIMER3 program.
The PCR conditions, standardized in our laboratory, con-
sisted of an initial denaturation step at 95◦C for 15 minutes,
followed by 34 cycles of denaturation at 95◦C for 1 minute,
annealing at 64◦C for 1 minute, and extension at 72◦C for
1 minute, with a final extension of 10 minutes at 72◦C.
With these primers, a PCR product of 353 bp was obtained
on agarose gel electrophoresis. Nucleotide sequencing was
carried out by the ABI Big Dye Terminator protocol using
ABI 3100-Avant Genetic Analyzer.

2.4. Statistical Analysis. All analyses were run using the Stat-
View Program for Windows (version 8.0; SAS) and SPSS
(Version 18). Data for males and females were separately ana-
lyzed and values for the total population were also obtained.
The data are presented as mean ± SEM. The comparisons
between overweight, obese subjects, and matched normal-
weight controls were carried out using the independent t-
test and ANOVA test. The distributions of the age, BMI,
anthropometric measurements, lipid profile, fasting serum
insulin, HOMA-IR, leptin, and glucose in the study subjects
according to their β2AR gene were compared by the U
Mann-Whitney test. Multivariable logistic regression was
used to study the effect of the β2AR genotype on BMI. Cor-
relation analyses were carried out and Pearson’s correlation
coefficient (r) and the P value were obtained. Frequency
distribution analysis was performed. Genotype and allele
frequencies were calculated. Significance of the difference
in the results of different groups was obtained using the
chi-square test. Frequencies of the different genotypes and
alleles in different groups and between males and females
were compared. Relative risk was estimated by the odds
ratios (ORs) and their 95% confidence intervals (CIs). A
probability value P ≤ 0.05 was considered statistically
significant.
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Table 1: Anthropometric characteristics of normal-weight, overweight, and obese male and female subjects (from [28]).

Variables
Normal weight

(n = 115)
mean ± SE

Overweight
(n = 68)

mean ± SE

Obese
(n = 146)

mean ± SE
P value

Age (yr)

M 25.9 ± 0.7 27.3 ± 0.67 26.7 ± 0.73

0. 056F 24.50 ± 0.50 24.4 ± 0.70 26.7 ± 0.54

T 24.90 ± 0.44 25.56 ± 0.54 26.70 ± 0.43

BMI (kg/m2)

M 21.27 ± 0.34 26.4 ± 0.27 32.90 ± 0.80

0.0001F 21.4 ± 0.20 27.3 ± 0.20 35.80 ± 0.60

T 21.33 ± 0.19 26.93 ± 0.17 34.89 ± 0.50

Waist (cm)

M 74.20 ± 1.53 86.10 ± 1.40 110.50 ± 2.20

0.0001F 67.30 ± 0.90 84.40 ± 1.23 100.60 ± 1.38

T 70.82 ± 0.79 85.13 ± 0.93 103.72 ± 1.23

Hip (cm)

M 97.60 ± 1.20 100.80 ± 1.17 122.20 ± 2.00

0.0001F 95.50 ± 0.80 102.20 ± 1.10 118.50 ± 1.40

T 96.13 ± 0.68 102.22 ± 0.82 119.68 ± 1.15

W/H Ratio

M 0.76 ± 0.02 0.86 ± 0.01 0.90 ± 0.01

0.0001F 0.72 ± 0.01 0.82 ± 0.02 0.85 ± 0.007

T 0.73 ± 0.006 0.84 ± 0.006 0.87 ± 0.006

Note: Values are mean ± SEM. Abbreviations—BMI: body mass index; W/H: waist/ hip ratio; M: male; F: female; T: total.

3. Results

The results of BMI were used to classify the male and female
population as normal-weight (BMI: ≤24.9 kg/m2), over-
weight (BMI: 25–29.9 kg/m2), and obese (BMI: ≥30 kg/m2)
individuals. There were 35, 28, and 46 males and 80, 40,
and 100 females in the normal-weight, overweight, and obese
groups, respectively. The anthropometric data of all subjects
including males and females are presented in Table 1. There
were slight, nonsignificant differences in the results of the
males and females. Comparison of the anthropometric char-
acteristics between normal-weight, overweight, and obese
subjects showed that all parameters were significantly higher
in overweight and obese subjects compared with the normal-
weight individuals, both in the males and females.

Table 2 presents the results of glucose, plasma lipids,
insulin, HOMA-IR, and leptin, in the males and females,
in the three different weight groups. The male and female
results showed some minor non-significant differences; how-
ever, levels of leptin were significantly higher in the females
compared to the males. In both males and females, the results
of these parameters varied significantly between the normal-
weight, overweight and obese groups, with significance
reaching values <0.0001.

The frequency of Arg16Gly alleles and genotypes was
calculated. In both the male and female groups, overweight
and obese subjects had a significantly higher genotype and
allele frequency of Gly16 compared with normal-weight
subjects. The genotype and allele frequencies in the males,
females, and the total group are presented in Table 3 with
the OR, CI, χ2, and P value. The study group was separated
according to their Arg16Gly genotypes and the phenotypic
characteristics were obtained. The results of the different
parameters in the different genotypes are presented in
Table 4. This table shows that the subjects carrying Gly16
in homozygous state had a greater BMI, waist and hip
circumference, W/H ratio, cholesterol, triglyceride, LDL-C,
HOMA-IR, and plasma leptin compared with those with
the Arg16 allele, and the difference was significant (P <
0.05). Correlation studies were carried out between the
different parameters separately in the different genotypes.
Significant correlations were encountered, where BMI, waist,
hip, and waist/hip ratio correlated positively and significantly
with cholesterol, triglyceride, and leptin in the individuals
with all genotypes (P < 0.0001) (results not shown).
However, with glucose the positive correlation was only in
the wild-type Arg/Arg individuals (P < 0.0001), while there
was no correlation in the Arg/Gly and Gly/Gly genotypes
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Table 2: Comparisons of clinical parameters amongst normal-weight, overweight, and obese males and females (from [28]).

Variables Sex∗
Normal weight

(n = 115)
mean ± SE

Overweight
(n = 68)

mean ± SE

Obese
(n = 146)

mean ± SE
P value

Cholesterol (mmol/L)
M 3.31 ± 0.07 4.4 ± 0.15 4.1 ± 0.11

0.0001F 3.5 ± 0.05 4.05 ± 0.12 4.5 ± 0.09

T 3.43 ± 0.04 4.19 ± 0.09 4.4 ± 0.07

Triglyceride (mmol/L)
M 0.79 ± 0.05 1.15 ± 0.08 1.43 ± 0.07

0.0001F 0.72 ± 0.05 1.03 ± 0.06 1.24 ± 0.04

T 0.74 ± 0.02 1.082 ± 0.05 1.302 ± 0.04

HDL cholesterol (mmol/L)
M 1.28 ± 0.06 1.21 ± 0.07 1.08 ± 0.04

F 1.34 ± 0.04 1.17 ± 0.05 1.06 ± 0.03
0.0001

T 1.32 ± 0.03 1.19 ± 0.04 1.07 ± 0.024

LDL cholesterol (mmol/L)
M 1.58 ± 0.09 2.25 ± 0.15 2.4 ± 0.11

0.0001F 1.53 ± 0.06 1.94 ± 0.11 2.6 ± 0.07

T 1.55 ± 0.05 2.07 ± 0.89 2.56 ± 0.06

Leptin (ng/mL)
M 3.10 ± 0.17∗∗ 9.91 ± 0.38∗∗ 17.6 ± 0.86∗∗

0.0001F 12.20 ± 0.40∗∗ 22.84 ± 0.97∗∗ 44.60 ± 1.85∗∗

T 9.42 ± 0.48 17.51 ± 0.97 36.13 ± 1.67

Fasting insulin (pmol/L)
M 62.60 ± 4.23 67.07 ± 5.27 111.90 ± 5.6

0.0001F 54.85 ± 2.33 75.84 ± 6.26 103.30 ± 3.64

T 57.21 ± 2.09 72.23 ± 4.28 106.03 ± 3.07

HOMA-IR M 1.96 ± 0.14 2.4 ± 0.21 3.8 ± 0.18
0.0001F 1.66 ± 0.08 2.2 ± 0.17 3.37 ± 0.13

T 1.75 ± 0.07 2.35 ± 0.14 3.45 ± 0.11

Fasting glucose (mmol/L) M 4.84 ± 0.07 5.16 ± 0.05 5.06 ± 0.09
0.0001F 4.65 ± 0.05 4.97 ± 0.08 5.06 ± 0.06

T 4.71 ± 0.041 5.051 ± 0.057 5.06 ± 0.05

Note: Values are mean ± SEM. Abbreviations—BMI: body mass index; W/H: waist hip ratio; M: male; F: female; T: total; ∗Statistically significant difference
between the male and female. ∗Total number: control: male = 35; female = 80; total = 115. ∗Total overweight: male = 28; female = 40; total = 68. ∗Total obese:
male = 46; female = 100; total = 146. SE: standard error of the mean, ∗∗: the difference in the results of males and females is statistically significant.

(P > 0.05) between glucose and the other parameters
(Table 5), except for HOMA-IR which showed a positive and
significant correlation with glucose in each genotype.

4. Discussion

Obesity is a major problem in the Saudi population and, to
an extent, is believed to be due to the rapid transition in the
lifestyles of the affluent. A sedentary lifestyle linked to the
warm climate, in addition to an increased consumption of
carbohydrates, along with a genetic predisposition, further
contributes to the development of obesity [27, 29–31]. Some
studies have been conducted on the leptin receptor and
ghrelin gene and the polymorphisms have been associated
with development of obesity in Saudis [32, 33]. However,
as in other populations and in line with other multifactorial
disorders, studies on identification of genes contributing to
the development of obesity still require additional exten-
sive investigations. The picture is further complicated as
populations show differences in the association between
different gene loci, different polymorphisms, and SNPs

and development of obesity. This entails the search for
susceptibility gene loci for each population and in each
ethnic group.

Our earlier studies on Gln/Glu polymorphism at position
27 in β2AR showed an effect of this genetic variation on lipid
phenotypes, insulin, and leptin levels in overweight/obese
individuals where BMI, triglycerides, leptin, and insulin
levels were higher in the Saudi individuals carrying the
Glu/Glu genotype. However, there were no differences in the
genotype or allele frequency of the Gln and Glu variants in
normal-weight, overweight, and obese individuals [28]. As a
continuation of the earlier study we investigated the Arg/Gly
polymorphism at position 16 in the β2AR in the same
Saudi cases and controls and our results show interesting
associations.

Applying Hardy-Weinberg equation, our results showed
that in the normal control group, the Arg16Gly β2AR
genotypes were in Hardy-Weinburg equilibrium, while over-
weight and obese Saudi subjects have a higher frequency
of the Gly16 allele, and the subjects who carry Gly16
homozygote genotype have greater BMI and waist-to-hip
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Table 3: Distribution of the genotypes, allele frequencies, and odd ratio of the β2 Arg16Gly polymorphism in total control, overweight, and
obese subjects, separately in males and females.

Group No.
Genotype frequency∗ Allele frequency∗∗

Arg\Arg Arg\Gly Gly\Gly χ2/P Arg Gly χ2/P

Males

Obese 46 25 (54.3) 9 (19.56) 12 (26.1)

3.82/0.43

59 33

5.02/0.08Overweight 28 14 (50) 7 (25) 7 (25) 35 21

Control 35 25 (71.4) 5 (14.28) 5 (14.28) 55 15

Females

Obese 100 51 (51) 20 (20) 29 (29)

12.7/0.013

122 78

17.4/<0.0001Overweight 40 20 (50) 10 (25) 10 (25) 50 30

Control 80 56 (70) 17 (21.25) 7 (8.78) 129 31

Total group

Obese 146 76 (50.1) 29 (19.9) 41 (28.1)

15.5/0.002

181 111

22.1/<0.0001Overweight 68 34 (50) 17 (25) 17 (25) 85 51

Control 115 81 (70.4) 22 (19.1) 12 (10.4) 184 46
∗For genotype frequency:

odds ratio (95% CI) control versus OW: 3.38 (1.456, 7.822);
odds ratio (95% CI) control versus Obese: 2.441 (0.667, 2.971);
P value for odds ratio in control versus overweight and control versus obese: P = 0.0001;
∗statistically significant difference between the three groups (obese, overweight and normal);

∗∗For allele frequency:
odds ratio (95% CI) control versus OW: 0.60 (0.46, 0.78) (P = 0.02);
odds ratio (95% CI) control versus obese: 0.70 (0.60, 0.810) (P = 0.001);
∗allele frequency differs significantly in the different groups (P < 0.0001).
M: male; F: female; T: total; OW: overweight; CI: confidence interval.

Table 4: Association of β2AR genotype in codon 16 with phenotypic characteristics of the subjects.

Variables
Arg\Arg
(n = 191)

mean ± SE

Arg\Gly
(n = 68)

mean ± SE

Gly\Gly
(n = 70)

mean ± SE
P value

BMI (kg/m2) 27.15 ± 0.51 28.82 ± 0.85 31.88 ± 0.91 0.0001

Waist (cm) 85.32 ± 1.32 89.24 ± 2.14 95.89 ± 2.28 0.0001

Hip (cm) 105.48 ± 1.05 108.32 ± 1.71 113.81 ± 1.97 0.0001

W/H ratio 0.80 ± 0.006 0.82 ± 0.01 0.84 ± 0.01 0.025

Cholesterol (mmol/L) 3.90 ± 0.06 4.03 ± .09 4.32 ± .11 0.002

Triglyceride (mmol/L) 0.99 ± 0.03 1.09 ± 0.05 1.21 ± 0.06 0.003

HDL-cholesterol (mmol/L) 1.20 ± .02 1.19 ± .05 1.11 ± .04 0.141

LDL-cholesterol (mmol/L) 2.013 ± 06 2.11 ± .09 2.34 ± .088 0.012

Leptin (ng/mL) 19.80 ± 1.11 24.96 ± 2.59 29.56 ± 2.64 0.0001

Fasting insulin (pmol/L) 76.57 ± 2.74 86.62 ± 4.61 92.21 ± 4.93 0.09

Fasting glucose (mmol/L) 4.91 ± .04 4.92 ± 06 5.03 ± 05 0.24

HOMA-IR 2.40 ± 0.09 2.75 ± 0.15 3.00 ± 0.17 0.003

Abbreviations—BMI: body mass index; W/H: waist hip ratio.

ratios (abdominal obesity) associated with higher levels of
cholesterol, triglyceride, LDL-C, serum leptin, and HOMA-
IR. The presence of β2AR Gly/Gly genotype and Gly16
allele increases the relative risk of developing overweight
and obesity by almost 2.5 times as seen from the OR and
the difference in the number of overweight and obese was
significantly higher in those with this allele. Insulin resistance
is significantly higher in individuals carrying the Gly/Gly
genotype compared to the Arg/Arg genotype and this could

be one of the etiological factors leading to higher prevalence
of obesity in this genotype. The Arg allele was protective
against the development of these conditions with an OR of
around 0.4. In this study we have observed that the Gly16
alleles of the β2AR genes are related to abdominal obesity
and hypertriglyceridaemia, hyperinsulinaemia, hyperlepti-
naemia, and insulin resistance in Saudis. We suggest that this
may be the result of decreased binding of the catecholamines
to the β2AR with the Gly16 allele. It must be pointed out that
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Table 5: Correlation between fasting glucose and the anthropometric parameters and lipids in individuals with different Arg16Gly
genotypes.

Correlation between glucose and BMI Waist Hip W/H Chol TAG HDL LDL Leptin Insulin Homa

different parameters in different genotypes kg/m2 cm cm ratio mmol/L mmol/L mmol/L mmol/L ng/mL pmol/L IR

Arg/Arg r 0.28∗∗ 0.39∗∗ 0.26∗∗ 0.42∗∗ 0.24∗∗ 0.31∗∗ −0.27∗∗ 0.30∗∗ 0.19∗∗ 0.26∗∗ 0.47∗∗

(189) P 0.000 0.000 0.000 0.000 0.001 0.0001 0.0001 0.0001 0.008 0.0001 0.000

Arg/Gly r 0.15 0.21 0.14 0.25∗ 0.42∗∗ −0.03 0.13 0.47∗∗ 0.10 0.17 0.38∗∗

(68) P 0.24 0.08 0.25 0.04 0.000 0.79 0.29 0.000 0.41 0.17 0.001

Gly/Gly r 0.18 0.16 0.14 0.12 0.003 0.11 −0.23 0.01 0.03 0.31∗∗ 0.44∗∗

( 70) P 0.14 0.18 0.26 0.31 0.98 0.36 0.06 0.92 0.83 0.009 0.000

Abbreviations: BMI: body mass index; W/H: waist hip ratio; r: pearson correlation coefficient; Chol: cholesterol; TAG: triglyceride; HDL: HDL-cholesterol;
LDL: LDL-cholesterol; ∗∗significant at the 0.0001 level.

this study was conducted on a small sample size and larger
studies are required to confirm the statistical significance of
this association.

Catecholamines play an essential role in energy expen-
diture and lipolysis. Binding to β2AR mediates lipolysis
and this eventually results in weight loss. It is possible
that substitution of Arg16, a basic amino acid, by Gly a
neutral amino acid, influences the binding of catecholamines
to the β2AR and hence prevents lipolysis. Catecholamine-
stimulated whole-body lipolysis and lipolysis in subcu-
taneous adipocytes are blunted in obesity [38], thereby
limiting lipid mobilization and favoring fat accumulation.
This is confirmed by both in vitro and in vivo data, which
suggests that catecholamine resistance, restricted to the β2-
adrenoceptor, may be due to a decreased number and/or
function of β2-adrenoceptors [39]. It implies that alteration
in β2AR structure due to a single amino acid change may
contribute to catecholamine resistance and hence overweight
and obesity. Masuo et al. [18] have reported that the Gly16
mutation of the β2AR gene is associated with increased
insulin resistance, adiposity, and blood pressure accompa-
nied by higher plasma norepinephrine and leptin levels.
Ukkola et al. [15] found that gene-to-gene interactions
among the α2-, β2-, and β3-adrenergic receptor genes
contributed to the phenotypic variability in the abdominal
obesity and plasma lipid and lipoprotein in a family study
in Québec. However, there is considerable debate on this
association, because there have been several studies showing
no significant association between β2AR gene polymorphism
and obesity [23–25, 33]. Hayakawa et al. [26] reported that
Arg16Gly polymorphisms of the β2AR gene are not a major
contributing factor to obesity, blood pressure, serum lipid
levels, uric acid, or free fatty acid levels in 210 Japanese
men. Similarly, Kim et al. [23] found that the Arg16Gly
polymorphisms of the β2AR gene are not major contributing
factors to obesity in Korean subjects.

In the present study, several significant correlations
were observed between the anthropometric measures and
biochemical and hormonal parameters. However, these
correlations seem to be related to the Arg16Gly genotype
(Table 4). All investigated parameters had a higher value in
the homozygotes for Gly allele (Gly/Gly) when compared
with the wild-type allele (Arg/Arg). Cholesterol, triglyceride,

and leptin levels increased positively with high BMI, waist,
hip, and waist/hip ratio in the wild-type Arg/Arg, Arg/Gly
and Gly/Gly genotypes. However, an interesting correlation
between glucose and the other parameters was observed
when the different genotypes were compared. Whereas
glucose showed a significant positive correlation with age,
BMI, waist, hip, W/H ratio, cholesterol, triglyceride, LDL,
leptin, and insulin, (P < 0.001) and a negative correlation
with HDL-cholesterol (P < 0.001) in the wild-type genotype
(Arg/Arg), the majority of these correlations were lost in
the Gly/Gly and Arg/Gly genotype, in particular those with
the anthropometric measures (P > 0.05). This would
suggest that while glucose levels can be reduced by reducing
BMI, weight, waist, and W/H ratio in wild-type Arg/Arg
individuals; this is not the case in those with Arg/Gly and
Gly/Gly individuals. Hence, these individuals are at risk
of development of hyperglycemia and diabetes mellitus,
regardless of whether they are normal weight, overweight,
or obese. Even the biochemical parameters studied during
this investigation showed no correlation to glucose in the
Gly/Gly individuals and they had elevated levels of each
of these parameters compared to the individuals with
Arg/Arg genotype. Thus, a correlation between different
biochemical and the anthropometric parameters seem to
be related to the polymorphisms of the β2AR gene. Such
an observation has not been previously reported. Another
interesting finding was that when the Arg/Arg, Arg/Gly and
Gly/Gly genotypes were analyzed for the number of people
suffering from insulin resistance, in each genotype, using a
cut-off value of 2.5 of HOMA-IR, none of the individuals
in the Arg/Arg genotype had insulin resistance (0/189);
30/68 (55.9%) people with Arg/Gly genotype had insulin
resistance and 39/70 (55.8%) of the Gly/Gly genotype were
suffering from insulin resistance. This finding indicates two
things. Firstly, the excess of insulin resistance could be the
cause of higher prevalence of overweight and obesity in the
Arg/Gly and Gly/Gly genotypes. Secondly, this also indicates
a dominant effect of the Gly allele; that is, once present,
whether in homozygotes or heterozygotes, it has an effect on
the phenotype. Further studies are needed to confirm this
hypothesis.

This study has shown an interesting association between
the Arg16Gly polymorphism and weight gain, waist/hip
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ratio, and lipid profiles. However, the main limitation of the
study is the small sample size studied and the association
needs to be confirmed by conducting a study on a larger
sample size. Furthermore, haplotype construction using the
Arg16Gly and the Glu27Gln polymorphic sites may reveal
additional association or otherwise with obesity phenotype.

In summary, a complex picture is emerging as more
and more population-based studies are being carried out on
the genes contributing to development of obesity. Among
the Arabs, the picture may be different when compared
to Caucasians and the population of the Far East. Hence,
further studies in larger populations such as Arabs from
different regions are required to verify these results.

5. Conclusions

In conclusion, our results show that Arg16Gly polymor-
phism plays a major role in pathogenesis of obesity, affecting
lipid phenotypes, leptin levels, and insulin resistance, in
individuals with different genotypes.
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