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Abstract

Background: The single nucleotide polymorphism (SNP), rs1042714 or glutamine 27 glutamic acid (Gln27Glu), in the adrenoceptor beta 2 surface (ADRB2) gene has previously been examined for association with obesity with inconclusive results. The objective of this study was to determine whether the ADRB2 rs1042714 SNP could influence obesity and obesity-related metabolic traits in a Taiwanese population.
Methods: The ADRB2 rs1042714 SNP and obesity-related metabolic traits including blood pressure, total cholesterol, triglyceride, fasting glucose, waist circumference, and body mass index (BMI) were examined in individuals with general health examinations.
Results: Our data revealed that the ADRB2 rs1042714 SNP exhibited a significant association with obesity among the subjects (P = 0.03). Further, the carriers of GG variant had a significantly higher BMI than those with the CC variant (26.0±5.6 vs. 24.3±3.8 kg/m2; P = 0.009) and those with the CG variant (26.0±5.6 vs. 23.6±3.3 kg/m2; P = 0.001). We also found a nominal association with systolic blood pressure (P = 0.058) and triglyceride (P = 0.055) levels in the ADRB2 rs1042714 SNP. 
Conclusions: Our study indicates that the ADRB2 rs1042714 SNP may contribute to the risk of obesity and predict obesity-related metabolic traits such as BMI, triglyceride, and systolic blood pressure in Taiwanese subjects.
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Introduction
By the year 2030, about 1.12 billion people are estimated to be considered obese worldwide.1 Similarly, obesity is highly prevalent in Taiwan and the prevalence of obesity has increased rapidly to be around 17% among adults during the study year 2005 in Taiwan.2 Obesity is a complex disorder that has received much attention as an important global and public health issue because its prevalence keeps growing rapidly in both developed and developing countries.3 The prevention of obesity is now a major challenge for clinicians and public health policy makers worldwide as obesity elevates the risk of several chronic diseases, such as type 2 diabetes (T2D), stroke, heart disease, and hypertension.4,5 Identification of genes that increase the susceptibility to develop obesity will allow identifying individuals who are at risk, and ultimately it may lead to new specific therapeutic targets for treatment and prevention of common obesity.6 Hence, the search for genes that contribute to risk of obesity has become increasingly essential. During the past two decades, a great number of studies have been published to suggest that more and more genetic variants are associated with obesity using candidate gene approaches, genome-wide linkage studies, and genome-wide association studies.6 One of these genes thought to cause obesity is the adrenoceptor beta 2 surface (ADRB2) gene.
The ADRB2 gene encodes beta-2-adrenergic receptor, a member of the G protein-coupled receptor superfamily, which is a major lipolytic receptor in human adipose tissue and skeletal muscle and also plays an important regulatory role in the peripheral vasculature.7-10 A common single nucleotide polymorphism (SNP), rs1042714 or glutamine 27 glutamic acid (Gln27Glu), located at codon 27 of the ADRB2 gene has received considerable attention. The ADRB2 rs1042714 SNP was identified to be associated with obesity, hypertension, hyperlipidemia, weight gain, and sudden cardiac death.9-12 However, evidence for relevance of ADRB2 rs1042714 to obesity is currently discordant. The ADRB2 rs1042714 SNP has been reported to predispose to obesity in Swedish female,13,14 Canadian,15 French male,16 Spanish male,17 Brazilian,18 and Japanese19 populations. On the contrary, this association with obesity has not been replicated in Japanese,20 Italian,21 German children,22 Dutch,23 and adolescent Taiwanese24 studies. In addition, data from a study support the notion that there was statistically significant association of this SNP with diastolic blood pressure in a Malaysian population.25 Moreover, a Dutch study23 has revealed that the ADRB2 rs1042714 polymorphism was associated with systolic blood pressure in middle-aged white participants.
The association between ADRB2 rs1042714 and obesity remains unclear and needs to be reassessed. In this context, the objective of this study was to evaluate whether the ADRB2 rs1042714 polymorphism is associated with obesity and obesity-related metabolic traits in Taiwanese individuals. We performed a case-control association study using obese subjects with a body mass index (BMI) ≥ 27 kg/m2 and nonobese controls with a BMI < 24 kg/m2.
Materials and Methods
Study population
The study subjects were partially original to the previous study by Hsiao et al.26 The study cohort consisted of volunteers who underwent general health examinations at the Taipei Medical University Hospital in Taipei, Taiwan in 2008.26 Approval was obtained from the Internal Review Boards of the Tri-Service General Hospital and the Taipei Medical University Hospital before conducting the study. The approved informed consent form was signed by each subject. The study population included 981 participants. Nine participants had incomplete clinical measurements and five participants could not be genotyped. Thus, we included 967 subjects in the present analysis.
Using the criteria defined by the Department of Health in Taiwan, the terms “normal”, “overweight”, and “obesity” in this study are defined as BMI < 24, 24 ≦ BMI < 27, and BMI ≧ 27 kg/m2, respectively.27 Height without shoes and body weight in light clothing were measured to the nearest 0.1 cm and 0.1 kg, respectively.26 Height was measured using a standard steel strip stadiometer, and weight was determined using a digital electronic scale. BMI was calculated as weight in kilograms divided by squared height in meters (kg/m2). Waist circumference was measured at the midway point between the lower rib margin and the superior iliac crest in a horizontal plane with flexible anthropometric tape.
In addition, the systolic and diastolic blood pressures, serum total cholesterol, triglyceride, and fasting plasma glucose were investigated in all subjects.26 Blood samples were drawn with minimal trauma from an antecubital vein in the morning after an overnight fast. Blood pressure was measured to the nearest 2 mmHg using an appropriately sized cuff and a standard mercury sphygmomanometer in a sitting position by trained nurses. Subjects took at least a 10-min rest before the measurement was taken. Biochemical markers such as total cholesterol, triglyceride, fasting glucose were analyzed by a biochemical autoanalyzer (Beckman Coulter, CA, USA).
Genotyping
DNA was isolated from blood samples using QIAamp DNA blood kit following the manufacture’s instructions (Qiagen, Valencia, CA, USA). To extract DNA, we used 200 l of blood which was further solved in 200 l of distilled water.28 Before PCR reaction, part of the extracted DNA was diluted into a concentration of 10 g/l. The qualities of isolated genomic DNAs were checked using the agarose gel electrophoresis and the quantities determined using spectrophotometry. Four standard DNA samples with known genotypes were used for quality control.29
All SNP genotypings were performed using the Taqman SNP genotyping assay (ABI: Applied Biosystems Inc., Foster City, CA, USA). The primers and probes of SNPs were from ABI assay on demand kit. Reactions were carried out according to the manufacturer’s instructions. The probe fluorescence signal detection was performed using the ABI Prism 7900 Real-Time PCR System.
Statistical analysis

We analyzed the categorical data using the chi-square test. Differences for continuous variables were compared using analysis of variance (ANOVA). We assessed an obesity-related metabolic trait between genotypes by analysis of covariance (ANCOVA) using age, gender, and other metabolic traits as covariates.30 Genotype frequencies were evaluated for Hardy-Weinberg equilibrium using a 2 goodness-of-fit test. Logistic regression was conducted to adjust for covariates. Odds ratios (ORs) and their 95% confidence intervals (CIs) were evaluated. The criterion for significance was set at P < 0.05 for all tests. Data are presented as mean ± standard deviation.
Results
Table 1 describes the demographic and clinical characteristics of the study population. The ADRB2 rs1042714 SNP was evaluated for its contribution to obesity in the complete sample population, including 502 normal subjects (BMI < 24), 290 overweight subjects (24 ≦ BMI < 27), and 175 obese subjects (BMI ≧ 27). As shown in Table 1, unrelated obese and normal subjects did not have similar distribution of sex (P < 0.001). In addition, the distribution of age in these two groups were well matched (P = 0.569). The values of systolic and diastolic blood pressure were significantly different between obese and normal subjects (P < 0.001 and P < 0.001, respectively). Further, triglyceride (P < 0.001), waist (P < 0.001), and fasting glucose (P = 0.005) were not similar between obese and normal subjects. However, there was no significant difference in total cholesterol in these two groups (P = 0.223).

Further, there were significant differences in sex, triglyceride, waist, systolic and diastolic blood pressure between overweight and normal subjects (Table 1, all P < 0.001, respectively). The distribution of age in these two groups were not matched (P = 0.017). The values of total cholesterol were also significantly different between these two groups (P = 0.005). However, fasting glucose was similar between overweight and normal subjects (P = 0.082).
In addition, we assessed whether the ADRB2 rs1042714 SNP could influence obesity-related metabolic traits in the study population. Table 2 describes the demographic and clinical characteristics of the study population separated by genotypes using ANCOVA. In the complete sample population, BMI was significantly higher in the GG homozygotes than in the CC homozygotes (26.0±5.6 vs. 24.3±3.8 kg/m2; P = 0.009) as shown in Table 2. BMI was also significantly higher in the GG homozygotes than in the CG genotype (26.0±5.6 vs. 23.6±3.3 kg/m2; P = 0.001). Moreover, systolic blood pressure was marginally higher in the GG homozygotes than in the CC homozygotes (132.3±13.5 vs. 126.4±15.4 mmHg; P = 0.058). Further, triglyceride was marginally higher in the GG homozygotes than in CG genotype (149.3±109.8 vs. 113.1±65.2 mg/dl; P = 0.055). There was no evidence of association between ADRB2 rs1042714 and other obesity-related measures and metabolic traits in the complete sample population.
Table 3 shows the genotype and allele distributions of the ADRB2 rs1042714 SNP in the case and control groups for the complete sample population with (a) obese vs. normal subjects and (b) overweight vs. normal subjects. Among the obese and normal subjects, a marginal increased risk of obesity (P = 0.057) was detected in the ADRB2 rs1042714 polymorphism in the genotypic test. Further, the ADRB2 rs1042714 SNP did not exhibit any significant association with overweight among the subjects.
For the complete sample population, the genotype frequency distribution for the ADRB2 rs1042714 SNP was in Hardy–Weinberg equilibrium (P = 0.672). In addition, the genotype frequency distribution for the ADRB2 rs1042714 SNP was in Hardy–Weinberg equilibrium among the normal subjects (P = 0.488) as well as among the overweight subjects (P = 0.908). However, the obese subjects were not in accordance with the Hardy–Weinberg equilibrium (P = 0.021). We also found that the genotype frequencies of the ADRB2 rs1042714 SNP (that is, CC = 82.8%, CG = 16.2%, GG = 1.0%) shown in this study did not deviate from the reported genotype frequencies in Taiwanese in the literature by comparing to Chou et al.24 study (that is, CC = 83.7%, CG = 15.2%, GG = 1.1%; P = 0.968).
Moreover, the odd ratio analysis showed the risk genotypes of variants in ADRB2 rs1042714 after adjustment for covariates, indicating an increased obesity risk among the subjects (Table 4). As demonstrated in Table 4, the carriers of GG variants of the ADRB2 rs1042714 polymorphism had a higher risk to obesity than those with the combined CC + CG variants (GG vs. CC + CG; adjusted OR = 19.03; 95% CI = 1.32–274.00; P = 0.03) after adjustment of covariates including gender, triglyceride, waist, systolic and diastolic blood pressure, and fasting glucose. However, the odd ratio analysis did not show the risk genotypes of variants in ADRB2 rs1042714 among the overweight and normal subjects after adjustment for covariates including age, gender, triglyceride, waist, systolic and diastolic blood pressure, and total cholesterol (Table 4). As shown in Table 4, the effects of the risk genotypes on obesity were obviously influenced by covariates.
Discussion
Our study is the first to date to have examined whether the main effects of the ADRB2 rs1042714 (Gln27Glu) SNP are significantly associated with the risk of obesity and obesity-related metabolic traits amongst Taiwanese individuals from general health examinations. In this study, our results showed that ADRB2 rs1042714 was associated with obesity and obesity-related metabolic traits including BMI, triglyceride, and systolic blood pressure levels in the Taiwanese subjects with general health examinations. Therefore, a promising finding reported for the first time was that the ADRB2 rs1042714 SNP may play an important role in the development of obesity and obesity-related metabolic traits in a Taiwanese population.
The ADRB2 rs1042714 polymorphism has been widely implicated in affecting obesity risk, although genetic evidence of its effect on obesity has been inconsistent. In this study, single locus analyses showed significant main effects of ADRB2 rs1042714 (in odds ratio analysis) on the risk of obesity in the subjects. Our results were in agreement with those of several other studies.14,16,18,19 A previous study by Hellström et al. reported a positive association between obesity and the G (Glu27) allele of the ADRB2 rs1042714 SNP in Swedish females.14 Naka et al. also demonstrated that the G (Glu27) allele of the ADRB2 rs1042714 polymorphism was significantly associated with obesity in Japanese subjects.19 Furthermore, previous findings suggested that individuals with the CC (Gln27/Gln27) genotype of the ADRB2 rs1042714 SNP had an increased risk of obesity in a male French population16 and a Brazilian population.18 Still, these two previous studies by Meirhaeghe et al.16 and Pereira et al.18 disagreed with the notion that the G allele was associated with obesity, even though their findings were similar to the present results and two other reports by Hellström et al.14 and Naka et al.19 We assumed that this may be partly owing to large disparities in the G allele frequency of the ADRB2 rs1042714 SNP among populations of different ethnicities, ranging from 41.4% among French, 71.8% in Brazilian, 6.8% among Japanese, and 9% in the present Taiwanese population in our study.16,18,19,31
In contrast to our data in this study and the above-mentioned14,16,18,19 results, some previous studies suggested that there was no major involvement of the ADRB2 rs1042714 polymorphism in obesity.20-24 The potential reasons for the discrepancies between these studies and our results may be the sample sizes, different study designs, and different ethnicities.26 In particular, Chou et al. observed that ADRB2 rs1042714 was not associated with adolescent obesity in Taiwan,24 although they employed individuals of the same ethnicity (that is, Taiwanese) as the one in our study. We speculated that one possible reason for this contradiction could be the differences in the subject age (that is, adolescents vs. adults). Further, this may, in part, be due to the differences in the definition of obesity. The definition of obesity in adolescents is based on the percentile of the population, not on the absolute BMI as in adults.24 Another potential reason for the discrepancies is that there is a lack of adjustment for confounding effects in Chou et al.24 study.
Our analyses demonstrated that the GG homozygotes of ADRB2 rs1042714 predicted higher obesity-related metabolic traits such as BMI, systolic blood pressure, and triglyceride levels in the study population. As shown in Table 2, both BMI and systolic blood pressure levels were higher in the GG homozygotes than in the CC homozygotes. In addition, both BMI and triglyceride levels were higher in the GG homozygotes than in the in the CG genotype. In line with our results, a previous Spanish study by González Sánchez et al. revealed a significant association with higher BMI in obese men with the GG homozygotes of the ADRB2 rs1042714 SNP.17 A French study by Meirhaeghe et al. also found that men with the CC homozygotes in ADRB2 rs1042714 were associated with higher BMI than others.16 Further, a previous Dutch study by Gjesing et al. revealed a nominal association with systolic blood pressure in carriers with the G allele of the ADRB2 rs1042714 SNP.23 Moreover, Apalasamy et al. reported an association between ADRB2 rs1042714 and triglyceride levels in Malaysian men.25 On the contrary, two previous studies reported no evidence of association between ADRB2 rs1042714 and blood pressure levels in a Brazilian study by Pereira et al.18 and an Italian study by Galletti et al.21 Possible explanations for the discrepancies in these studies may be the use of insufficient sample sizes, differences in ethnicity, different study designs, varied phenotype assessment, and a lack of adjustment for confounding effects.26
Besides the statistical significance, we were concerned with the potential biological mechanism between ADRB2 rs1042714 and obesity. In human adipose tissue, the lipolytic effects of catecholamines are mediated through members of the beta-2-adrenergic receptor family, which is encoded by the ADRB2 gene.32 Barbe et al. also suggested that beta-2-adrenergic receptor, encoded by the ADRB2 gene, stimulates lipolysis in adipose cells.33 Further, the G (Glu27) allele of ADRB2 has a tendency to increase fat cell volume and to suppress lipid oxidation.34 In addition, a potential blood pressure regulating effect of the ADRB2 gene is that beta 2-adrenergic agonists promote a rise in intracellular cyclic adenosine monophosphate (cAMP) concentration in vascular smooth muscle cells, where activation leads to marked vasodilation.18 Other potential regulating effects of the ADRB2 gene on blood pressure involve the control of renin release and the action on renal sodium handling, which play a major role in the pathogenesis of hypertension.35
One limitation of this study is that these findings may not be generalizable to other populations, and ethnically-matched studies would be necessary to know if such association is found in non-Taiwanese subjects.36,37 Second, the small size of the sample does not allow drawing definite conclusions.38 Another weakness to this study is that habitual diet and lifestyle have not been assessed as these factors may contribute to BMI.39 It would be useful to test if the observed genetic effect is similarly significant after controlling for variation in diet and lifestyle. The effect of diet may also be relevant to the observed discrepancies between different studies because different ethnicities may have substantially different typical dietary habits. In future work, large prospective clinical trials in light of diet and lifestyle are necessary in order to answer whether this SNP is reproducibly associated with obesity and obesity-related metabolic traits. 
In conclusion, our study has tested the association of ADRB2 rs1042714 SNP with obesity and obesity-related metabolic traits in Taiwanese subjects with general health examinations. Our findings support the possibilities that the ADRB2 rs1042714 SNP may be a determinant of obesity and obesity-related metabolic traits. Independent replications in large sample sizes are needed to confirm the role of the ADRB2 rs1042714 polymorphism found in this study.
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