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β3-adrenergic receptor polymorphism is 
related to cardiometabolic risk factors in 
obese Brazilian subjects
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ABSTRACT. We determined whether ADRβ3 polymorphism is 
associated with obesity-related traits in 140 obese patients. Molecular 
analysis was performed by PCR and RFLP. Individuals carrying the 
Arg64 allele had a lower waist-to-hip ratio, higher adiponectin and 
high-density lipoprotein cholesterol levels, and a tendency towards 
lower blood pressure. In contrast, Trp64/Trp64 carriers were at greater 
risk for dysmetabolic phenotypes (odds ratio = 2.88, P = 0.03).
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INTRODUCTION

The sympathetic nervous system regulates energy balance through thermogenesis, 
and the �������������������������������������������������������������������������������������β������������������������������������������������������������������������������������3-adrenergic receptor system is important in mediating lipolysis stimulation by cat-
echolamines, as well as in the development of obesity (Clement et al., 1995)

Some studies have reported that the Trp64Arg polymorphism of the β3-adrenergic 
receptor gene (ADRβ3) can be associated with several conditions such as higher incidence of 
abdominal obesity (Kim-Motoyama et al., 1997), insulin resistance and type 2 diabetes (Mor-
cillo et al., 2008). However, these findings have not been confirmed in other studies (Gagnon 
et al., 1996). Simultaneously, obesity and hypertension have been considered related to poly-
morphisms of the ADRβ3 gene, but the reports have been restricted to Asian people (Masuo 
et al., 2005).

The present study was conducted to determine in a group of obese Brazilian subjects 
of multiethnic origin whether the Trp64Arg polymorphism of the ADRβ3 gene is associated 
with a significant effect on features related to metabolic syndrome and to adiponectin levels, 
an adipocyte-derived collagen-like protein, considered a key factor of metabolic syndrome 
(Patel et al., 2006)

MATERIAL AND METHODS

Study population

This was a cross-sectional study. A total of 209 individuals, aged 18 to 71 years, were 
selected among the patients of the Hypertension Clinic (CLINEX) of the Rio de Janeiro State 
University, who were part of an ongoing study on the mechanistic and genetic aspects of 
blood pressure variation in overweight and obese individuals. It is worth noting that the Rio 
de Janeiro State population is peculiar due to its multiethnic admixture characterized by Cau-
casians, African descendants and Mulattos (people with a known family history of admixture 
between African-descendants and Caucasian populations).

Stable weight for at least three months was required. The patients underwent routine 
blood chemistries, urinalysis, electrocardiography, echocardiography, duplex Doppler ultraso-
nography of renal arteries, and endocrine evaluation. Individuals with severe forms of hyper-
tension, and those with any evidence of complications from endocrine, metabolic, cardiovas-
cular, and cerebrovascular diseases were excluded.

One hundred and forty individuals [41 men and 99 women, mean age of 45.2 ± 12.4 
years, body mass index (BMI) = 38.5 ± 8.1 kg/m2] comprised the study sample. All subjects 
included in the study were instructed to stop using any medication that could affect blood pres-
sure levels, insulin sensitivity, and serum lipid concentration at least two weeks before enter-
ing the study. Before the study, written informed consent was obtained from each participant.

The study protocol was approved by the Committee on Ethics and Research of the 
Pedro Ernesto University Hospital of the Rio de Janeiro State University.

Clinical features

Blood pressure was recorded using a Dinamap 1846 Critikon automated sphygmoma-
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nometer after a resting period of at least 10 min in the sitting position.
An appropriate arm cuff was used. The mean of the last four readings was used in the 

analysis. Waist-to-hip ratio was used as an indicator of central adiposity. Metabolic syndrome 
was defined according to criteria of the Third Report of the National Cholesterol Education 
Program (Grundy et al., 2005). Blood samples were collected after a 12-h fasting period and 
were stored at -80°C for subsequent radioimmunoassay, which was used to determine plasma 
adiponectin and insulin (Linco Research, St. Charles, MO, USA - double-antibody solid-phase 
enzyme immunoassay). The intra- and interassay coefficients of variation for insulin were 
4.4 and 6.0%, respectively. The intra- and interassay coefficients of variation for adiponectin 
were 3.9 and 8.5%, respectively. The insulin resistance status was assessed by use of the ho-
meostasis model assessment of insulin resistance (HOMA-IR) index, i.e., serum insulin [μU / 
mL] x plasma glucose [mM] / 22.5. Serum lipid profiles were measured by use of enzymatic 
methods.

Molecular analysis

Genomic DNA was obtained from peripheral blood leukocytes using the salting-out 
method. Polymorphism was genotyped by use of the polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) assay with the previously described primer pairs 
(Clement et al., 1995). PCR was performed on total volumes of 25 mL, using 100 ng DNA, 1X 
PCR buffer, 2.0 mM MgCl2, 0.25 mM of each dNTP, 2.5 pmol of each primer, and 1 U Taq 
DNA polymerase. DNA was denatured for 5 min at 95°C, and amplified for 40 cycles with an-
nealing temperature of 66°C. Ten microliters of the PCR products was digested with 2.5 U of 
the restriction endonuclease BstNI (New England Biolabs, Inc.) for 4 h at 60°C and analyzed 
by electrophoresis on 8% polyacrylamide gels stained with silver nitrate.

Statistical analysis

Data are reported as means ± SD. A P value <0.05 was considered to be statistically 
significant and was adjusted for covariates when appropriate. Values of triglycerides, insulin, 
adiponectin, and HOMA-IR were log-transformed to improve normality. Data comparisons 
were carried out with the Student t-test, controlling for gender and age. Categorical variables 
were compared across the three groups with the chi-square test.

Relationships among variables were computed by use of Pearson correlation coef-
ficients. A logistic regression analysis adjusted for age, gender, waist circumference, triglyc-
erides, blood pressure, glucose, and high-density lipoprotein cholesterol (HDL-C) was carried 
out to assess the potential risk of the metabolic syndrome phenotype, evaluated as a categori-
cal variable, according to the ADRβ3 polymorphism. Analysis was performed for combined 
Trp64/Arg64 and Arg64/Arg64 as the group with Arg64 allele and for Trp64/Trp64 as the 
group without the Arg64 variant. All statistical analyses were performed with SPSS, version 
12.0 (Lead Technologies Station, Chicago, USA).

RESULTS

Table 1 shows the distribution of variables according to the ADRβ3 genotypes.
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Genotypic distribution satisfied Hardy-Weinberg equilibrium (χ2 = 1.743; P = 0.41). 
One hundred and twenty (85.7%) subjects were classified as homozygous [Trp64/

Trp64] and 20 (14.3%) individuals as Arg64-allele carriers [Trp64/Arg64 and Arg64/Arg64]. 
The Arg64-allele carriers showed significantly higher values of plasma adiponectin, HDL-C 
and hip circumference, while the waist-to-hip ratio was significantly lower compared with that 
of the group without the Arg64 allele. These results remained significant after adjustment for 
age and gender. The Arg64-allele carriers also showed lower levels of diastolic blood pressure 
and mean arterial pressure when compared with the Trp/Trp individuals, albeit not significant 
(P = 0.09 and 0.07, respectively).

In the subjects with the Trp64/Trp64 genotype, HOMA-IR was significantly and posi-
tively correlated with BMI, waist-to-hip ratio, systolic blood pressure, diastolic blood pres-
sure, and plasma triglycerides (r = 0.37, 0.32, 0.29, 0.27, and 0.32, P < 0.01, respectively).

In the Arg64-allele carriers, plasma adiponectin exhibited a negative correlation with 
waist-to-hip ratio (r = -0.51, P = 0.009). A logistic regression analysis to assess the potential 
risk for metabolic syndrome showed that individuals without the Arg64 variant had a greater 
risk for dysmetabolic phenotypes (OR = 2.88, P = 0.03) (Table 2).

Variables		  Genotypes

	 Trp64/Trp64	 Trp64/Arg64 +Arg64/Arg64	          P
	 (N = 120)	 (N = 20)

Age (years)	   45.5 ± 12.1	   46.3 ± 13.1	 0.75
Gender (female/male)	   82/38	 17/3	 0.13
Body mass index (kg/m2)	  38.1 ± 8.1	 40.8 ± 7.2	 0.17
Waist circumference (cm)	  112.2 ± 15.1	 113.7 ± 14.6	 0.68
Hip circumference (cm)	  119.1 ± 14.5	 128.2 ± 19.0	           0.01/0.01*
Waist-to-hip ratio	   0.95 ± 0.10	   0.89 ± 0.10	           0.03/0.04*
Total cholesterol (mg/dL)	 202.4 ± 42.8	 200.0 ± 41.2	 0.81
LDL cholesterol (mg/dL)	 127.0 ± 36.1	 118.5 ± 31.8	 0.32
HDL cholesterol (mg/dL)	   44.8 ± 10.0	   49.5 ± 11.3	           0.04/0.04*
Glucose (mg/dL)	 106.5 ± 27.4	 101.6 ± 17.8	 0.44
Triglycerides (mg/dL)	 152.8 ± 83.6	 159.8 ± 82.2	 0.67
Insulin (mU/L) 	   24.1 ± 12.4	 20.5 ± 7.8	 0.44
HOMA-IR	   6.4 ± 3.9	   5.3 ± 2.7	 0.40
Adiponectin (µg/mL)	   6.9 ± 4.5	   8.1 ± 3.5	           0.03/0.04*
Systolic blood pressure (mmHg)	 131 ± 17	 125 ± 14	 0.13
Diastolic blood pressure (mmHg)	   84 ± 11	   79 ± 13	 0.09
Mean arterial pressure (mmHg)	 100 ± 12	   94 ± 13	 0.07
Uric acid (mg/dL)	   5.6 ± 1.6	   5.3 ± 1.5	 0.50
Creatinine (mg/dL)	   0.8 ± 0.2	   0.8 ± 0.1	 0.89

Table 1. Results of measurements in relation to the Trp64Arg ADRβ3 polymorphism.

*Adjusted for age gender. LDL = low-density lipoprotein; HDL = high-density lipoprotein; HOMA-IR = homeostasis 
model assessment of insulin resistance.

	   	 Frequency distribution		                                   Logistic models

	 Trp64/Trp64	 Trp64/Arg64 + Arg64/Arg64	 P	 Odds ratio	 95%CI	 P

With MetSynd	 47 (39.2%)	   7 (35%)	 0.049	 2.88	 (1.07-7.75)	 0.03
Without MetSynd	 73 (60.8%)	 13 (65%)

The logistic regression model was adjusted for age, gender, waist circumference, triglycerides, blood pressure, 
glucose, and HDL cholesterol. MetSynd =  metabolic syndrome.

Table 2. Logistic regression analysis for metabolic syndrome.
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DISCUSSION

In the most general sense, the results presented demonstrate that individuals car-
rying the Arg64 allele had a distinct benign metabolic and hemodynamic phenotype of 
obesity, when compared with subjects homozygous for the Trp64 allele, who exhibited a 
mark risk for dysmetabolic phenotypes.

There are few reports on the genetic relationship of the Trp64Arg polymorphism with 
hypertension in obesity (Fujisawa et al., 1997; Melis et al., 2002; Masuo et al., 2005). Fugi-
sawa et al. (1997) showed that the Arg64-allele frequency in hypertensive subjects was similar 
to that in normotensive subjects. More recently, Masuo et al. (2005) observed no association of 
the β3-adrenergic receptor genotypes with weight gain-related blood pressure.

In the present study, the Arg64-allele carriers had higher values of adiponectin, HDL-C 
and hip circumference, and a lower waist-to-hip ratio. They also exhibited the lower-body, gluteal-
femoral form of obesity, known as “gynoid” obesity, suggesting that a metabolically benign obesity 
may be identified genetically. In addition, a trend towards a lower blood pressure levels was also 
observed in the Arg64-allele carriers, which can be partially attributed to high adiponectin levels. In 
the Bogalusa Heart Study, individuals with higher values of plasma adiponectin showed the lowest 
blood pressure levels (Patel et al., 2006). These observations are in agreement with those by Vague 
(1956) who, 50 years ago, first described an important heterogeneity among his obese patients, and 
distinguished “gynoid” obesity from the “android” or central abdominal form of obesity, which 
ends up associated with hypertension, insulin resistance and lipid abnormalities.

The abnormalities of central obesity have now become widely known as metabolic 
syndrome (Grundy et al., 2005). Interestingly, a logistic regression analysis of the metabolic 
syndrome features of our patients confirmed that Trp64/Trp64 subjects, unlike Arg64-allele 
carriers, were characterized by an insulin-resistant state, exhibiting elevated fasting plasma 
insulin and HOMA-IR levels that correlated significantly and directly with BMI, waist-to-hip 
ratio and blood pressure in those individuals.

A major limitation of the present report is the small sample size, with only 20 subjects 
carrying the Arg allele. Thus, a prospective study with a larger population would be required 
to confirm our data and to assess a cause-effect relationship between blood pressure variation 
and cardiometabolic risk factors with the Trp64Arg polymorphism of ADRβ3. In addition, the 
study was limited to obese multiethnic subjects originating from a university referral center, 
most of them clustering several cardiometabolic risk factors.

Thus, we do not know if the findings can be extended to populations including appar-
ently healthier obese individuals or different ethnic mixtures. Finally, there were more females 
(85%) in the Arg64 carriers compared to the Trp64/Trp64 group (68%). This may in itself explain 
the more “gynoid” proportions of the Arg64 carriers, although data were adjusted for gender.

In conclusion, in this ethnically mixed population sample, the Arg-allele carriers of 
the β3-adrenergic receptor gene had a benign phenotype of obesity when compared with the 
Trp64/Trp64 subjects. This assumption was based on a significantly higher concentration of 
plasma adiponectin and HDL-C, and the “gynoid” body fat distribution.
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