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OBJECTIVE: We assessed the association between Gln27Glu and Trp64Arg genetic polymorphisms of the
�2 (ADRB2) and�3 (ADRB3) adrenergic receptor genes with body mass index and other cardiovascular
risk factors.
METHODS: In a cross-sectional study, adult Aymara subjects (n � 152) living in the Andean regions of
northern Chile were characterized with respect to their ADRB2 and ADRB3 genotypes, body mass index,
plasma leptin and insulin levels, fasting glucose concentration, blood pressure, and plasma lipid profile.
RESULTS: The frequency of the Glu27 allele of the ADRB2 gene was estimated to be 0.04, and the allele
frequency of the Arg64 variant of the ADRB3 gene was estimated as 0.13. No associations were found
between the Trp64Arg polymorphism of the ADRB3 gene and body mass index or other cardiovascular
risk factors. The small number of subjects with the allele encoding Glu27 in the ADRB2 gene seriously
limited the analysis of the association between genotype and phenotype with the use of this polymor-
phism, although no clear associations were found.
CONCLUSION: We found insufficient evidence to support an association between polymorphisms
Gln27Glu and Trp64Arg of the ADRB2 and ADRB3 genes, respectively, with body mass index and other
cardiovascular risks in the rural Aymara population from Chile.Nutrition 2002;18:255–258. ©Elsevier
Science Inc. 2002
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INTRODUCTION

Researchers have become interested in genes encoding�2 and�3

adrenergic receptors as candidate loci of obesity and insulin resis-
tance in humans because of the their effects on the regulation of
lipolysis and the stimulation of thermogenesis.1,2 Further, genetic
polymorphisms Gln27Glu in the�2 adrenergic receptor (ADRB2)
gene and Trp64Arg in the�3 adrenergic receptor (ADRB3) gene
have been associated with body mass index (BMI).3,4 However,
epidemiologic studies have shown discordant results regarding
their contributions to the predisposition to overweight or obesity in
different populations, with a possible sex-specific effect of the
Gln27Glu polymorphism.5–9

The Aymara rural population targeted in this study lives on the
western slopes of the Andes in northern Chile, near the borders
with Bolivia and Peru. This population preserves ethnically and

culturally distinctive characteristics that are very different from
those of the population of European origin living in Chile.10

Moreover, the Aymara rural population has partly moved from
traditional ways of living to the modern lifestyles characteristic of
industrialized countries.11 The low prevalence of type 2 diabetes
despite relatively high average BMIs and high physical activity
levels are remarkable features of this population.12

To our knowledge, there are no studies that have evaluated the
association between such genetic polymorphisms with BMI or
other cardiovascular risk factors in aboriginal populations of South
America. Therefore, we assessed the association between
Gln27Glu and Trp64Arg genetic polymorphisms of the ADRB2
and ADRB3 genes with BMI, hypertension, and other metabolic
complications of obesity in the Aymara population by means of a
cross-sectional study.

MATERIALS AND METHODS

Subjects

The target population in this cross-sectional study comprised Ay-
mara adults older than 20 y living in rural conditions at high
altitudes (�2000 m) in northern Chile (region of Tarapaca´). The
recruitment of participants was performed in the context of differ-
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ent health examinations that are carried out periodically and reg-
ularly. This study was approved by the Ethics Committee of the
University of Chile.

During 1997, apparently healthy subjects older than 20 y were
surveyed in the study area (n � 245) and blood samples were
obtained with informed consent. The percentage of participants
with blood type O in the ABO system was 94.8%, which indicates
a low admixture with white populations.13 Coincidentally, we
observed that the subjects with blood type A or B were not
permanent residents, and they frequently have European surnames
and anthropometric traits of Caucasoid subjects. For this reason,
we included only those individual with blood type O and two
Aymara surnames, thereby ensuring that the subjects were truly of
Aymara origin (Aymara surnames are usually recognizably differ-
ent from Spanish surnames). Consequently, the sample size was
reduced to 152 subjects (60 men and 92 women). Biochemical
measurements were determined in blood samples collected be-
tween 7:00 and 10:30 AM after an overnight fast of 12 to 14 h. The
participants were characterized with the use of standard laboratory
automated techniques for fasting plasma glucose concentration,
plasma insulin levels, plasma triacylglycerols levels, total plasma
cholesterol concentration, and high-density lipoprotein cholesterol
levels.14 Height and weight were determined with the subjects
barefoot and lightly clothed. BMI was used as a crude measure of
overall adiposity. With the subjects sitting, two measurements of
systolic and diastolic blood pressures were recorded with a cali-
brated digital sphygmomanometer.

Determination of ADRB2 and ADRB3 Genotypes

Polymerase chain reaction (PCR) was performed to amplify spe-
cific sequences of the ADRB2 and ADRB3 loci. For both genes,
the PCR assay was carried out in a final volume of 30 �L
containing 150 to 250 ng of genomic DNA, 0.5 �M of each
primer, 200 �M of each dNTP, 1.5 mM of MgCl2, and 1 U of Taq
polymerase. All the reagents necessary for this technique, includ-
ing a 10� PCR buffer, were supplied by Bioline (London, UK).
The PCR was performed in a Perkin-Elmer GeneAmp 2400 ther-
mocycler (Perkin-Elmer, Oak Brook, IL, USA).

For the ADRB2 gene, a 310–base pair DNA fragment was
amplified by using the primers 5�-CCGCCGTGGGTCCGCC-3�
(forward primer) and 5�-CCATGACCAGATCAGCAC-3� (re-
verse primer). PCR was initiated with a denaturation at 94°C for 5
min, followed by 30 cycles (denaturation at 94°C for 30 s, anneal-
ing at 63°C for 30 s, and extension at 72°C for 30 s), with a final
extension at 72°C for 7 min. A total of 10 �L of the PCR product
was incubated at 37°C overnight with 2 U of ItaI (Roche Molec-
ular Biochemicals, Mannheim, Germany). After incubation with
the restriction enzyme, homozygous genotypes for the Gln27 allele
variant produced fragments of 171, 84, and 55 base pairs. Ho-
mozygous genotypes for the Glu27 allele variant produced frag-
ments of 226 and 84 base pairs.

A 210–base pair DNA fragment of the ADRB3 gene was ampli-
fied by using the primers 5�-CGCCCAATACCGCCAACAC-3� (for-
ward primer) and 5�-CCACCAGGAGTCCCATCACC-3� (reverse
primer). After heating the PCR mixture at 94°C for 5 min, 35 cycles
(denaturation at 94°C for 30 s, annealing at 66°C for 30 s, and
extension at 72°C for 30 s) were performed, with a final extension
at 72°C for 10 min. An aliquot of 10 �L of the amplified product
was digested at 60°C overnight with 2 U of BstnI (New England
Biolabs, Beverly, MA, USA). Homozygous genotypes for the
Trp64 variant produced fragments of 97, 61, 31, 15, and 6 base
pairs. Homozygous genotypes for the Arg64 allele produced frag-
ments of 158, 31, 15, and 6 base pairs. Restrictions fragments from
the digestion of ADRB2 and ADRB3 genes were electrophoresed
through 2.5% agarose gel and stained with ethidium bromide.

Statistical Methods

Descriptive summary statistics for continuous variables are ex-
pressed as mean � standard deviation. Differences in BMI and
other variables by genotype in ADRB2 or ADRB3 genes were
initially assessed with Student’ s t test followed by analysis of
covariance.15 Before the inferential analysis, a logarithmic trans-
formation in leptin concentrations was performed to normalize the
distribution of the data. Allele frequencies were estimated and
concordance with Hardy–Weinberg proportions were assessed
through an exact method.16 All statistical analyses were done with
STATA 6.0 (Stata Statistical Software, College Station, TX).

RESULTS

The frequency of the Glu27 allele in the ADRB2 gene was esti-
mated to be 0.04 (139 homozygous genotypes Gln27/Gln27, 9
heterozygous genotypes, and 1 homozygous genotype Glu27/
Glu27). The allele frequency of the Arg64 variant in the ADRB3
gene was estimated as 0.13 (114 homozygous genotype Trp64/
Trp64, 37 heterozygous genotypes, and 1 homozygous genotype
Arg64/Arg64). Both genes showed genotypic frequencies in con-
cordance with Hardy–Weinberg expectations (P � 0.17 for the
ADRB2 gene and P � 0.47 for the ADRB3 gene).

Table I shows means and standard deviations of continuous
variables such as BMI and systolic and diastolic blood pressures
and metabolic indicators (plasma fasting glucose, total cholesterol,
high-density lipoprotein cholesterol, leptin and insulin concentra-
tions) in relation with the genetic polymorphisms of the ADRB2
and ADRB3 genes. In an initial crude analysis, only the associa-
tion between the Trp64Arg polymorphism in the ADRB3 gene
with diastolic blood pressure achieved statistical significance (P �
0.01). After analysis of covariance with sex as the covariate, there
was no association between the Gln27Glu and Trp64Arg genetic
polymorphisms of the ADRB2 and ADRB3 genes and any of the
variables examined in this study except for dyastolic blood pres-
sure. The Arg64 carriers on average were 10 y older than the Trp64
homozygotes, and this may be related to the blood pressures in
both groups. Therefore, the subsequent adjustment by age and sex
led to a non-significant P value of 0.06 for the association between
Trp64Arg genetic polymorphism and dyastolic blood pressure.

DISCUSSION

The estimated frequency of the Glu27 allele of the ADRB2 gene in
the Aymara subjects (f � 4%) is roughly within the same range as
that estimated for the Quechua population from Peru (f � 0%),
North American Na-Dene natives (f � 9%), and the Japanese (f �
7%).17,18 Interestingly, allele frequencies in such Amerindian and
Asian populations are notably lower compared with European
populations from France (f � 40%), Spain (f � 37%), or North
American whites of European ancestry (f � 52%).8,17,19 With
respect to the ADRB3 gene, the prevalence of the allele Arg64 in
Aymara subjects was lower than in Pima Indians from Arizona20

and slightly lower than in Japanese individuals. However, the
frequency of this polymorphism in Aymaras is still higher than
those of most of European populations.5 It is important to note that
the general Chilean population is a “melting pot” of populations
from different groups including Europeans (predominantly from
Spain) and Amerindians (mainly Mapuche and Aymara natives).21

We found no evidence of an association between the genetic
polymorphism of the ADRB2 gene and any of the variables
considered in this study. The small number of subjects with the
allele encoding Glu27 of the ADRB2 gene seriously limited our
assessment of the association between genotype and phenotype
when using this polymorphism. As a consequence, it was not
possible to assess the effect of sex on the association between
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Gln27Glu polymorphism and BMI reported by some investiga-
tors.8 In a Japanese study,18 the frequency of the Glu27 allele was
significantly higher in obese than in non-obese in male and female
subjects. In a French study, where the frequency of the Glu27
allele was much higher than in Aymara or Japanese subjects; the
Gln27 allele was associated with higher BMI in men, with no
association in women.8 Moderate associations between Gln27Glu
polymorphism and obesity have been detected in some studies4,8

but not in others.7,9,22 Therefore, the impact of Gln27Glu poly-
morphism on the frequencies of overweight and obesity in the
Aymaras would depend on the veracity of such an association and,
hence, on which allele is associated with higher BMIs. Even
assuming that the Glu27 allele truly behaves as a risk factor for
obesity in the Aymara population (as in the Japanese population),
the low prevalence of this allele is unlikely to have a relevant
effect on the occurrence of obesity or obesity-related pathologies.
On the contrary, if the Gln27 allele is associated with higher BMI
figures, its high frequency in the Aymaras might explain the high
prevalence of obesity in this population. It is interesting to note
that relative sitting heights (sitting height divided by total height)
in Aymara subjects are different than those in subjects of European
ancestry23 and that these differences in body proportions may
affect the validity of BMI cutoff points for defining obesity.
Further research is specifically needed to refine this issue because
it may partly explain the relatively high prevalence of Aymara
subjects with BMIs above 30.24 However, the higher means of
BMI calculated in this study compared with previous surveys25

may indicate the beginning of a process of epidemiologic transi-
tion characterized by changes in dietary habits and physical activ-
ity patterns.26

The Aymara population is characterized by a low prevalence of
type 2 diabetes, a relatively high average BMI, and high physical
activity levels.11,12 Most Aymaras living in the Andean regions in
northern Chile depend on agriculture for at least part of their
subsistence; animal husbandry the secondary source. In this iso-
lated region, the relative uniformity in terms of exposure to envi-
ronmental risk factors (type of diet or lifestyles) would reduce the
effect of confounding factors that could distort our statistical
estimates of the association. In addition, the homogeneity of our
sample from an ethnic point of view may help to avoid false-
positive associations between genotype and phenotype due to
population stratification by ethnicity.27 As a drawback of our
study, we have to note that selection bias could have affected the

validity of our sample in relation to whether it can be considered
representative of our target population. This type of systematic
bias might be a consequence of the voluntary participation of
subjects in this study. However, it is also important to note that the
present survey was conducted as part of a periodic medical survey
that regularly follows a large proportion of the Aymara commu-
nity. The sampling process was carried out in small villages
(ranging from 2 to 1203 inhabitants of all ages) with very limited
access to health examinations. As a consequence, a large propor-
tion of the population was a priori interested in receiving free
medical attention, regardless of their health status, and this cir-
cumstance may have reduced the negative impact of such selection
bias.

BMI did not correlate significantly with the genetic Trp64Arg
polymorphism of the ADRB3 gene in Aymara natives. Controver-
sial results regarding the effect of this polymorphism on BMI have
been reported in the past, including a possible interaction between
age and obesity.5,28–29 Likewise, no association was found be-
tween this genetic variant and the other metabolic complications of
obesity measured in this study (Table I). Nevertheless, a nearly
significant association was detected between the Trp64Arg genetic
polymorphism and systolic blood pressure after controlling for sex
and age in the statistical analysis. Although some studies have
suggested an association between this polymorphism and hyper-
tension,30 it is interesting to note the particular situation of our
Aymara population in which a gradient in the blood pressure by
altitude has been described. According to this gradient, Aymara
inhabitants living 4000 m above sea level would have a decreased
average of systolic blood pressure than people living lower alti-
tudes.31 Therefore, we should consider the hypothesis that differ-
ences in blood pressure by ADRB3 genotype may be attributable
to differences according to altitude. Unfortunately, it was difficult
to evaluate the role of altitude in our study because the inferential
analysis was severely limited by the sampling variation caused by
small sample sizes resulting from the stratification by altitude, sex,
age, and ADRB3 genotype. As a consequence, we could not
establish a solid strategy to assess the relation between the
Trp64Arg polymorphism of the ADRB3 gene and hypertension in
the Aymara population.

In conclusion, the present study does not provide sufficient
evidence to support the association between the genetic polymor-
phisms Gln27Glu and Trp64Arg of the ADRB2 and ADRB3 genes

TABLE I.

MEANS AND STANDARD DEVIATIONS FOR BODY MASS INDEX AND OTHER RELATED VARIABLES IN RELATION WITH THE
GENOTYPES OF THE �2 AND �3 ADRENERGIC RECEPTOR GENES IN AYMARA NATIVES FROM CHILE

�3 adrenergic receptor (n � 152) �2 adrenergic receptor (n � 149)

Trp/Trp
(n � 114)

Trp/Arg or Arg/Arg
(n � 38)

Gln/Gln
(n � 139)

Gln/Glu or Glu/Glu
(n � 10)

Age (y) 44.1 � 18.1 54.0 � 18.1 45.6 � 18.8 48.5 � 16.8
Male/female 46/68 14/24 53/86 3/7
Body mass index (kg/m2) 25.9 � 4.3 25.5 � 4.4 25.5 � 4.3 26.8 � 4.4
Fasting plasma glucose (mg/dL) 76.3 � 28.8 66.8 � 15.6 75.3 � 26.7 68.0 � 22.2
Plasma insulin (�U/mL) 12.9 � 15.2 11.9 � 20.7 12.0 � 15.1 20.4 � 30.3
Plasma leptin (�U/mL) 9.8 � 10.2 14.6 � 25.6 9.8 � 14.4 17.1 � 21.9
Total plasma cholesterol (mg/dL) 193.6 � 48.6 196.0 � 49.1 194.6 � 48.9 203.7 � 41.6
Plasma HDL cholesterol (mg/dL) 47.6 � 20.2 41.6 � 13.5 46.8 � 19.1 44.5 � 13.0
Plasma triacylglycerols (mg/dL) 149.8 � 82.7 137.0 � 83.5 138.6 � 73.3 198.5 � 127.7
Diastolic blood pressure (mm Hg) 71.5 � 10.3 76.5 � 11.8 72.3 � 11.4 72.9 � 10.9
Systolic blood pressure (mm Hg) 121.7 � 17.7 127.2 � 19.2 121.9 � 19.2 128 � 18.9

HDL, high-density lipoprotein
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with BMI and other cardiovascular risk in the rural Chilean Ay-
mara population.
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12. Santos JL, Pérez-Bravo F, Carrasco E, Calvillán M, Albala C. Low prevalence of
type 2 diabetes despite a high average body mass index in the Aymara natives
from Chile. Nutrition 2001;17:305

13. Valenzuela CY, Acuña MP, Harb Z. Gradiente sociogenético en la población
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