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Summary. Asthma is a chronic and recurrent disease. Its high prevalence around the world is

the result of a complex interaction between genetic and environmental factors. The genetic

aspects of susceptibility, severity, and response to treatment in asthma are of great scientific

interest. The purpose of the study was to establish the relationship between the Gln27Glu and

Arg16Gly alleles of the b2-adrenergic receptor (ADRB2) gene with respect to the susceptibility

to and severity of asthma, as well as the response to treatment in mestizo schoolchildren. 109

schoolchildren with asthma diagnosis and 137 asymptomatic controls were genotyped for the

Arg16Gly and Gln27Glu alleles of the ADRB2 gene by minisequencing. Allele, genotype, and

haplotype frequencies of the ADRB2 gene between asthmatic and non-asthmatic as well as

demographic, clinical, and spirometric variables among asthmatic patients according to their

genotype were compared. ADRB2 gene expression was determined by real-time quantitative

PCR. No statistical differences were found in allele, genotype, and haplotype frequencies of

the ADRB2 gene between cases and controls. We did not find differences between asthmatic

patients classified according to their ADRB2 genotypes and haplotypes when evaluating

demographic, clinical, and spirometric variables. The ADRB2 genotype and haplotype are not

associated with spirometric responses or ADRB2 gene expression after administration of a b-2
agonist plus a glucocorticoid. These results suggest that in the group of mestizo schoolchildren

studied, the Arg16Gly and Gln27Glu polymorphisms are not markers of susceptibility or severi-

ty of asthma and do not affect ADRB2 gene expression during the rescue therapy. Pediatr

Pulmonol. � 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Asthma is a chronic disease whose prevalence has
been increasing, particularly in children.1 Given the
magnitude of the problem, international health authori-
ties have recommended increasing health research on
asthma, including investigation into topics such as
genetic susceptibility, severity and drug response.2

Asthma has a polygenic nature due to the interaction
between genetic and environmental factors and it has
been estimated that the genetic contribution to asthma
varies from 48% to 79%.3 Candidate genes in the path-
ogenesis of asthma have been the subject of intense
research and constitute promising targets for therapeutic
interventions.4 Additionally, research has shown that
the wide variability between individuals in response to
anti-asthmatic drugs appears to be related to allelic
variants of several genes, including the polymorphisms
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of both the b2-adrenergic receptor gene and the
glucocorticoid receptor gene. Up to 70% of the varia-
tion in the response to drug treatment could be attribut-
ed to genetic diversity.5 Genetic variations at the b2

adrenoreceptor (ADRB2) gene may explain the ethnic
differences in asthma severity and response to b2-
agonists.6,7 A family-based genetic association study in
Puerto Ricans and Mexicans demonstrated that the
Arg16 allele is associated with asthma severity and
b2-agonists responsiveness in Puerto Ricans but not in
Mexicans.8

The b2-adrenoreceptor is subjected to a physiological
mechanism of signal regulation under which the ago-
nist-occupied b2 receptor initiates a series of events
leading to the attenuation of the response as a result of
internalization, sequestration, and downregulation of
receptors on the cell membrane; this phenomenon is
reversed when the agonist is removed.9 Nevertheless,
the extent of the downregulation is genotype-dependent,
because the Gly16 allele of the gene encoding the b2

adrenoreceptor is a variant with an increased extent of
downregulation compared to the native Arg16 allele, so
that when the b2 receptor is subjected to the action of
the agonist, the downregulation results in a lower
density of b2 receptors and subsequently in a dimin-
ished response. On the other hand, the Glu27 allele
reduces the downregulation induced by b2 agonists,
which gives this variant resistance to desensitization
and increased response to b2-agonists compared with
the native Gln27 allele.10 Until now, the relation of
these alleles to both susceptibility and severity of
asthma as well as response to anti-asthmatic drugs has
not been investigated in the Colombian population.

Expression of the ADRB2 gene is also related to
glucocorticoid activity because the ADRB2 gene is
positively regulated by glucocorticoids, as these agents
increase the density of b2 receptors in the cell mem-
brane, causing upregulation in normal individuals, or
blocking the downregulation induced by continuous
exposure to b2 agonist drugs.11,12 Consequently, by
combining glucocorticoids and b2 agonist drugs in the
treatment of asthma, one adds the ability to restore the
sensitivity of the b2 receptors downregulated by b2

agonists to the anti-inflammatory property of glucocor-
ticoids, which would explain the synergism observed in
medical practice.13–16 Some patients, however, are
resistant to glucocorticoids, and improving our knowl-
edge of the mechanisms involved in this resistance has
been the subject of great scientific interest due to the
enormous clinical implications.17 Our hypothesis was
that the ADRB2 genotype is related to asthma and
asthma severity in Colombian Schoolchildren. In
addition, we sought to determine whether stimulation
of the ADRB2 gene by glucocorticoids is genotype
dependent.

METHODS

Identification and Recruitment of Patients

We conducted a case-control study of asthmatic and
non-asthmatic Colombian children. After the adminis-
tration of the ISAAC phase II survey (to detect respira-
tory symptoms consistent with asthma) to 1,234 school
children of both genders, aged between 6 and 17 years,
motivational and informative meetings were held with
the parents of any schoolchildren who had ever had a
diagnosis of asthma or respiratory symptoms. The sur-
vey used a Spanish version of ISAAC Phase II core and
supplementary questionnaires developed according to
ISAAC translation protocol.18 The core questionnaires
consisted of two parts: demographic characteristics and
ISAAC core questionnaire on wheezing, rhinitis, and
eczema. The supplementary questionnaires consisted of
three parts: (i) additional respiratory questions regard-
ing cough with phlegm and wheeze with breathlessness,
(ii) questions on disease management for asthma rhini-
tis and eczema, and (iii) questions on risk factors.
Of the 506 students evaluated by specialists in pneu-

mology, 217 were diagnosed as asthmatics. After
receiving signed informed consent forms from parents
and the assent of the schoolchildren, 109 samples from
patients and 137 samples from asymptomatic controls,
unrelated to the cases and matched for age, gender, de-
gree of admixture, education and socioeconomic status,
were collected from oral mucosa and genotyped for the
Arg16Gly and Gln27Glu alleles of the ADRB2 gene.
Allele, genotype, and haplotype frequencies of the
ADRB2 gene were first compared between asthmatics
and non-asthmatics, and later between asthmatics cate-
gorized according to their ADRB2 genotypes.
To determine whether stimulation of the ADRB2

gene by glucocorticoids depends on the Arg16Gly or
Gln27Glu genotypes, clinical changes in spirometric
parameters and the expression of the b2-adrenoreceptor
gene before and after treatment with a b2-agonist and
systemic glucocorticoid were evaluated.
A subset of 36 asthmatic children underwent a sec-

ond phase of the study, which included: (i) determina-
tion of the degree of genetic admixture by using
multiplex ancestry-informative SNPs, according to the
SNaPshot technique;19 (ii) a wash out period without
asthma medication for at least 4 days; (iii) baseline as-
sessment of the clinical, spirometric, and ADRB2 gene
expression parameters; (iv) 4 days of treatment with
prednisolone (1 mg/kg/day in a single morning dose)
and salbutamol (6 mg/day split into three portions); and
(v) post-treatment assessment of the clinical, spiromet-
ric, and ADRB2 gene expression parameters. This
research was approved by the Bioethics Committee of
the Universidad Tecnológica de Pereira, in the category
of ‘‘minimal risk’’ research.
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Assessment of Patients and Pulmonary Function
Tests

The clinical and spirometric evaluation of patients
and controls were performed by pneumologists accord-
ing to the criteria of the European Respiratory Society
(ERS) and the American Thoracic Society (ATS)
using a DATOSPIR-70 (Sibelmed, Barcelona, Spain)
portable spirometer that had been recently calibrated.
The parameters selected for analysis were FVC (forced
vital capacity), FEV1 (forced expiratory volume in
1 sec), FVC/FEV1 ratio and FEF25–75% (forced
expiratory flow). The values obtained were compared
with the Knudson reference values predicted for normal
populations.20

Genotyping

Determination of the genotypes was performed using
a mini-sequencing technique or ‘‘ddNTP primer exten-
sion.’’ Following extraction of genomic DNA from cells
obtained from buccal brushes, using an extraction meth-
od on FTA cards, we proceeded to amplify a 709 bp
fragment of the ADRB2 gene, in which the SNPs to be
studied are located. PCR was carried out on a total
volume of 20 ml that contained 15–20 ng of genomic
DNA, 1� buffer, 0.31 mM dNTPs, 4 mM of each prim-
er, 3.13 mM MgCl2, 1.5% DMSO, and 1 U of Taq
DNA polymerase (Invitrogen, Carlsbad, CA). The am-
plification was carried out on an automatic thermal
cycler (PTC 100 MJ Research, Watertown, MA) with
the following parameters: an initial denaturing step at
948C for 3 min, followed by 40 cycles of 948C for
45 sec, 608C for 30 sec and 728C for 45 sec, and a final
elongation step at 728C for 5 min. The resulting PCR
product was analyzed by electrophoresis and visualized
in a 2% agarose gel. Next, the samples were purified
with 1 U EXOSAP IT (Amersham Pharmacia Biotech,
Uppsala, Sweden). Using this product as template, reac-
tions to detect native and mutated forms of the gene
were performed. Mini-sequencing was performed on
the ABI 3100 Avant, using the ABI Prism SNaPshot kit
(PE Applied Biosystems, Foster City, CA), following
the manufacturer’s instructions. The extension reactions
of the primers were done in a total volume of 10 ml,
containing between 0.01 and 0.4 pmol of the amplicon,
0.15 pmol/ml of each primer and 2.5 ml of a SNaPshot
reaction mix that contains Amplitaq DNA polymerase
FS and fluorescently labeled ddNTPs. The tubes con-
taining the mixture were placed in a thermal cycler to
be amplified for 30 cycles using the following condi-
tions: denaturing at 968C for 10 sec, annealing at 508C
for 5 sec, and extension at 608C for 30 sec. The test
includes a positive and a negative control and quality
standards. The resulting product was injected electroki-
netically over 5 sec to 15 kV and put under

electrophoresis for 40 min to 15 kV, 9 mA, 608C in a
36 cm long capillary, using the performance optimum
polymer 4 (POP-4) with a laser to a constant power of
9.9 mW. The data was analyzed by the color of the
curves and the size of the fragments using GeneMapper
Analysis Software (PE Applied Biosystems).

RNA Isolation, Reverse Transcription, and Real-
Time PCR

Five-milliliter blood samples were collected in EDTA
vacutainer tubes, diluted 1:2 in phosphate buffered
saline and centrifuged at 400 � g for 30 min over a
Ficoll–Hypaque gradient to isolate peripheral blood
mononuclear cells (PBMC, >98% lymphocytes as de-
termined by microscopy). Total RNA was extracted
from PBMCs (5 � 106 cells) using the RNAeasy Mini-
kit (Quiagen Inc, Valencia, CA). The mRNA expression
of the ADRB2 gene and the b-actin and GAPDH house-
keeping genes were determined by Real-time quantita-
tive PCR (RT-qPCR), using the SmartCycler Real-Time
System (Cepheid, Sunnyvale, CA). The qRT-PCR for
ADRB2 and b-actin was carried out in a reaction
volume of 25 ml, using the Power SYBR Green RNA-
to-CT 1-Step Kit (Applied Biosystems), following the
manufacturer’s instructions, using 200 nM of primers
for b-actin (Actin gene Internal Stds, Ambion, Austin
TX) and 200 nM of the primers 50-TGCGCCGGAC-
CACGACGTCACG-30 (forward) and 50-GCTCGAAC-
TTGGCAATGGCTG-30 (reverse) to amplify a 133 bp
product of the ADRB2 gene. The qRT-PCR for GAPDH
was carried out in a reaction volume of 25 ml, using the
Taqman RNA-to-CT 1-Step Kit (Applied Biosystems)
and Taqman GAPDH Control Reagent (Applied Biosys-
tems) following the manufacturer’s recommendations.
The thermal profile for the qRT-PCR was 30 min at
488C for cDNA synthesis, 10 min at 958C for reverse
transcriptase inactivation and AmpliTaq Gold DNA po-
lymerase activation, with 40 cycles of 15 sec at 958C
for denaturing and 1 min of annealing/extension at
608C for amplification. At the end of each PCR run, the
data were analyzed automatically by the system and
amplification plots were generated for each RNA sam-
ple. We calculated the relative amount of each tran-
script in the samples and normalized to the two control
genes (b-actin and GAPDH) as internal reference. The
magnitude of ADRB2 gene expression was calculated
using the comparative DCT method (CT ADRB2 gene—
average CT b-actin and GAPDH genes). All experi-
ments were performed in duplicate.

Statistical Analysis

Parametric tests were used to compare genotype
distributions between asthmatic and non-asthmatic
children and to establish Hardy–Weinberg equilibrium.
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Non-parametric tests were used to compare demograph-
ic and spirometric variables in asthmatics who had
undergone treatment and to determine the significance
of the differences in ADRB2 gene expression and lung
function tests before and after treatment. We used 95%
confidence intervals and all statistical tests were two-
tailed. A P-value < 0.05 was considered to be signifi-
cant. All statistical analyses were performed using
SPSS for Windows, version 15 (SPSS Inc., Chicago,
IL) and Structure Software v.2.0 to identify the percent-
age of ancestry of each individual.21

RESULTS

Phase I

No differences in age (11.6 � 5.4 years vs. 11.8 �
5.2 years, P ¼ 0.98) or gender distribution (78/31 vs.
96/41 M/F, P ¼ 0.46) were found between asthmatic
schoolchildren and non-asthmatic controls. Based on
the allele, genotype and haplotype distributions of the
ADRB2 gene shown in Table 1, we did not observe
statistically significant differences between asthmatics
(n ¼ 109) and non-asthmatics (n ¼ 137) with regard to
the ADRB2 genotypes studied. The haplotype pairs
Arg16Arg-Glu27Glu and Arg16Gly-Glu27Glu were not
found in any of the groups. For the subsequent analysis,
the haplotypes with the lower frequency, Gly16Gly-
Glu27Glu (n ¼ 4) and Arg16Arg-Gln27Glu (n ¼ 2),
were discarded. Hardy–Weinberg equilibrium was con-
firmed for the genotypes of both codon 16 (P ¼ 0.62)
and codon 27 (P ¼ 0.98).

Table 2 compares the symptoms and spirometric
parameters used for classification of asthma. There was
no association between the severity of the disease and
the different alleles at the Arg16Gly or Gln27Glu loci.
Except for the high incidence of asymptomatic males in
the doubly heterozygous subgroup (Arg16Gly-Gln27Glu),
there are no significant differences between the differ-
ent ADRB2 haplotypes with regard to the clinical and
spirometric variables studied (Table 3).

Phase II

Table 4 shows the lack of association of the geno-
types at loci 16 and 27 of the ADRB2 gene with a series
of demographic, clinical, spirometric and gene expres-
sion variables in 33 asthmatics (three out of 36 patient
samples could not be processed) that initiated and suc-
cessfully completed the anti-asthmatic treatment proto-
col. Similar results were obtained when the different
haplotype pairs were considered (data not shown).
Treatment with salbutamol (6 mg/day) and prednisolone
(1 mg/kg/day) orally administered for 4 days, did not
induce changes in spirometric parameters or mRNA
levels of the ADRB2 gene in the 33 patients grouped

according to their Arg16Gly and Gln27Glu genotypes
(Table 5) or haplotypes (data not shown). Population
stratification was not found when we analyzed the
degree of genetic admixture of the patients, grouped
according to their Arg16Gly and Gln27Glu genotypes.
The ancestry component for the subset of asthmatic
children that underwent the second phase of the study
was: African 10%, European 48%, Asian 20%, and
Native American 22%.

DISCUSSION

The ADRB2 gene is highly polymorphic and allele
prevalence changes significantly among different ethnic
groups. Allele and genotype frequencies found in the
schoolchildren included in this study (Table 1) are
similar to those we previously reported in a Colombian
mestizo population.22 Several investigations exploring
the relationship of the Arg16Gly and Gln27Glu poly-
morphisms to different phenotypes of asthma have
yielded discrepant results, which are accentuated among
different ethnic groups.10–12 For example, Choudhry
et al.8 found that ethnic-specific pharmacogenetic
differences exist between Arg16Gly genotypes, asthma
severity and bronchodilator response in Puerto Ricans
and Mexicans with asthma, two Hispanic populations
similar to Colombian mestizo (an admixture between
Amerindian, Hispanic, and African descent). The fact
that no genotypic differences at loci 16 and 27 in the
ADRB2 gene between asthmatic and non-asthmatic
individuals were found (Table 1) indicates that neither
polymorphism is a marker of susceptibility to asthma in
the population represented in this study. Although the
controversy about the contribution of the Arg16Gly and
Gln27Glu polymorphisms in the ADRB2 gene and the
risk of asthma persists, there is increasing evidence that
the ADRB2 gene is included within the susceptibility
loci to bronchial hyperresponsiveness and asthma,23,24

although these results have not been confirmed by
others.25,26 Due to the high degree of admixture found
among individuals with asthma (African 10%, European
48%, Asian 20%, and Native American 22%), the exis-
tence of significant haplotypes or mutations in gene
regions other than the ones that have been genotyped
by our group and others that did not find associations
cannot be ruled out.
Furthermore, when we looked for a possible associa-

tion between the allelic (Table 2) and haplotypic
(Table 3) variants with asthma severity, we did not find
any relationship to the main symptoms and spirometric
findings that define severity of the disease. However,
this result does not necessarily mean that the genotypes
evaluated in this study are not important and a different
benchmark should be used. Although some studies
have found that Gly16 allele is a marker of asthma
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severity,27,28 our results match with most studies which
found no association between this marker and disease
severity. However, due to the small population studied,
we were not able to detect any association with asthma
or related phenotypes.

The Arg16Gly allele influence on drug response to
short-acting beta2-agonistas (SABA) has been subject
of intense research, for example, Israel et al.29,30 found
that the Gly16 homozygous patients benefit most from

long-term treatment with SABA, that Arg16 homozy-
gous patients. Opposite results have been reported by
other authors who found that Gly16 allele was associat-
ed with a decreased response to acute exposure to
SABA therapy.8,31,32

The gene expression analysis using qRT-PCR
suggests that genetic variability at sites 16 and 27 of
the b2-adrenoreceptor is not associated with differences
in the expression of the ADRB2 gene, which is known

TABLE 1—Allelic, Genotypic, and Haplotypic Distribution of the Arg16Gly and Gln27Glu Polymorphisms of the ADRB2
Gene Between Asthmatic Schoolchildren and Controls

Asthmatic (n ¼ 109) Non-asthmatic (n ¼ 137)

P-valuen Frequency (95% CI) n Frequency (95% CI)

ADRB2 allele

Arg16 99 0.45 (0.39–0.52) 138 0.50 (0.44–0.56)

Gly16 119 0.55 (0.48–0.61) 136 0.50 (0.44–0.55) 0.32

Gln27 181 0.83 (0.78–0.88) 235 0.86 (0.79–0.91)

Glu27 37 0.17 (0.12–0.22) 39 0.14 (0.10–0.18) 0.48

ADRB2 Genotype

Arg16Arg 30 0.27 (0.22–0.33) 48 0.35 (0.27–0.43)

Arg16Gly 39 0.36 (0.29–0.42) 42 0.31 (0.23–0.38)

Gly16Gly 40 0.37 (0.30–0.43) 47 0.34 (0.26–0.42) 0.44

Gln27Gln 76 0.70 (0.64–0.76) 103 0.75 (0.68–0.82)

Gln27Glu 29 0.27 (0.21–0.33) 29 0.21 (0.14–0.28)

Glu27Glu 4 0.04 (0.01–0.06) 5 0.04 (0.01–0.07) 0.6

ADRB2 Haplotype

Arg16Arg-Gln27Gln 28 0.26 (0.18–0.34) 47 0.28 (0.22–0.33)

Arg16Gly-Gln27Gln 25 0.23 (0.15–0.31) 28 0.28 (0.22–0.33)

Gly16Gly-Gln27Gln 23 0.21 (0.13–0.29) 28 0.26 (0.18–0.34)

Arg16Gly-Gln27Glu 14 0.13 (0.07–0.19) 14 0.26 (0.18–0,34)

Gly16Gly-Gln27Glu 13 0.12 (0.06–0.18) 14 0.26 (0.18–0.34)

Gly16Gly-Glu27Glu 4 0.04 (0.02–0.07) 5 0.26 (0.18–0.34)

Arg16Arg-Gln27Glu 2 0.02 (0.01–0.04) 1 0.28 (0.22–0.33) 0.83

Associations for the differences between asthmatics and non-asthmatics were tested by means of the Chi-square test. CI, confidence intervals.

TABLE 2—Baseline Characteristics of 109 Asthmatic Individuals by Genotype

Arg16Arg

(n ¼ 30)

Arg16Gly

(n ¼ 39)

Gly16Gly

(n ¼ 40) P-value

Gln27Gln

(n ¼ 76)

Gln27Glu

(n ¼ 29)

Glu27Glu

(n ¼ 4) P-value

Age (year) 10.9 � 3.3 11.5 � 3.2 11.6 � 3.0 0.6 11.1 � 3.0 11.6 � 3.4 14 � 3.0 0.09

Gender (M/F) 18/12 29/10 31/9 0.24 48/28 26/3 4/0 0.012

Cough (yes/no) 15/15 15/24 18/22 0.63 31/45 16/13 1/3 0.3

Exacerbations/year

None 19 19 16 41 12 1

1-3 7 14 18 25 13 1

4-12 3 6 5 9 3 2

>12 1 0 1 0.46 1 1 0 0.3

Nocturnal asthma

Never 22 25 24 52 18 1

<1 week 7 10 10 17 8 2

�1 week 1 4 6 0.59 7 3 1 0.5

Spirometry

FEV1 (%) 97.6 � 12 97 � 18 92.7 � 17 0.35 95.7 � 17 95.7 � 15 91.8 � 18 0.64

FEF 25–75 (%) 79.9 � 23 88.6 � 25 79.7 � 21 0.16 81.4 � 23 87.2 � 22 80 � 32 0.8

Quantitative variables are expressed as mean � SD. Chi-square test was used for categorical variables, whereas ANOVA was used for

numerical variables. M, male; F, female; FEV1, forced expiratory volume in 1 sec; FEF, forced expiratory flow.
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to be one of the genes trans-activated by glucocorti-
coids. This suggests that the Arg16Gly and Gln27Glu
alleles of the ADRB2 gene are not involved in the thera-
peutic response of asthmatic patients to glucocorticoids
and that such agents could overcome the downregula-
tion disorders induced by these allelic variants. Al-
though this result is in agreement with recent studies
showing that the ADRB2 genotype does not influence
the therapeutic response to the combination of b2 ago-
nists and inhaled glucocorticoids in patients with asth-
ma,33 other authors have shown opposite results.34–37

These findings should be viewed with caution for
several reasons: first, the gene expression level of mes-
senger RNA was measured in a relatively small number
of patients (n ¼ 33) and the lack of differences could

be due to insufficient power. However, we used two
internal controls for messenger RNA quantification in
order to improve both the statistical power of the test as
well as the reliability based on normalization of data;
second, other authors have shown that the pharmacoge-
netic findings with respect to ADRB2 and lung function
occur after longer periods of time29 but in this study,
the drugs were prescribed only for a few days to indi-
viduals with controlled mild to moderate asthma, cir-
cumstances that do not allow evaluation of long-term
results or examination during acute exacerbations, in
order to detect glucocorticoid induced upregulation of
the b2 adrenergic receptor and its anti-inflammatory
effects on the airways; also, since all asthmatic patients
were compensated at the time of incorporation into the

TABLE 3—Baseline Characteristics of 103 Asthmatic Individuals According to the More Prevalent Haplotypes

Arg16Arg-Gln27Gln

(n ¼ 28)

Arg16Gly-Gln27Gln

(n ¼ 25)

Gly16Gly-Gln27Gln

(n ¼ 23)

Arg16Gly-Gln27Glu

(n ¼ 14)

Gly16Gly-Gln27Glu

(n ¼ 13) P-value

Age (year) 10.8 � 3.3 11.3 � 2.9 11.3 � 3.1 11.9 � 3.8 11.2 � 2.9 0.87

Gender (M/F) 17/11 15/10 16/7 14/0 11/2 0.05

Cough (yes/no) 13/15 5/20 13/10 10/4 4/9 0.02

Exacerbations/year

None 18 16 7 3 8

1-3 6 6 13 8 4

4-12 3 3 3 3 0

>12 1 0 0 0 1 0.06

Nocturnal asthma

Never 21 18 13 7 10

<1 week 6 5 6 5 2

�1 week 1 2 4 2 1 0.65

Spirometry

FEV1 (%) 96.5 � 11.7 95.7 � 19.8 94.8 � 18.8 99.3 � 14.3 89.1 � 12.4 0.56

FEF 25–75 (%) 79.7 � 23.3 82.9 � 24.7 81.9 � 23 98.8 � 22.7 75.5 � 15 0.07

Quantitative variables are expressed as mean � SD. Chi-square test was used for categorical variables, whereas ANOVA was used for

numerical variables. M, male; F, female; FEV1, forced expiratory volume in 1 sec; FEF, forced expiratory flow.

TABLE 4—Baseline Characteristics of 33 Asthmatic Individuals Treated With Salbutamol Plus Prednisolone According
to ADRB2 Genotype

Arg16Arg

(n ¼ 8)

Arg16Gly

(n ¼ 15)

Gly16Gly

(n ¼ 10) P-value

Gln27Gln

(n ¼ 21)

Gln27Glu

(n ¼ 10)

Glu27Glu

(n ¼ 2) P-value

Age (year) 11.4 � 2.7 11 � 2.6 12 � 2.4 0.43 11.1 � 2.5 11.8 � 2.9 12.5 � 0.4 0.57

Gender (M/F) 5/3 7/8 8/2 0.25 12/9 6/4 2/0 0.49

BMI (kg/m2) 18 � 3.6 19 � 2.7 19 � 3.2 0.61 18 � 2.7 20 � 3.1 19 � 3 0.07

Asthma severity

Mild-moderate/severe 7/1 14/1 10/0 0.45 19/2 10/0 2/0 0.5

Prednisolone (mg/day) 42 � 15 39 � 1.2 44 � 11 0.51 39.5 � 13 44 � 11 43 � 11 0.64

FVC (%) 110 � 11 113 � 12 110 � � 25 0.25 112 � 16 110 � 19 108 � 0.0 0.75

FEV1 (%) 96 � 13 96 � 17 94 � 14 0.92 94 � 15 98 � 15 108 � 7 0.31

FEV1/FVC (%) 77 � 8 74 � 8 77 � 10 0.66 74 � 9.0 79 � 7 85 � 5 0.09

FEF25–75 (%) 71 � 20 69 � 23 74 � 20 0.92 65 � 20 79 � 21 94 � 20 0.07

cDNA (DCT) 4.8 � 2.1 1.7 � 1.0 4 � 1.3 0.38 3.2 � 1.1 3.6 � 1.3 0.65 � 0.08 0.98

Chi-square test was used for categorical variables, whereas Kruskal–Wallis was used for numerical variables. DCT values are expressed as

mean � SEM, whereas the other quantitative variables are expressed as mean � SD. BMI, body mass index, FVC, forced vital capacity;

FEV1, forced expiratory volume in 1 sec; FEF, forced expiratory flow; cDNA, complementary DNA; DCT, change in threshold cycle.
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study, the diagnosis of asthma was not confirmed induc-
ing bronchospasm with methacholine and demonstrating
reversibility of bronchospasm using bronchodilators. We
based the diagnosis of asthma only in clinical history and
spirometric evaluation of patients; third, we recognize
that a step-wise experimental design is optimal to eval-
uate the effects of corticosteroids on beta agonist re-
sponse between the Arg16Gly and Gln27Glu genotypes
because the corticosteroid may mask the effects of the
b2 agonist, but we had to use both drugs simultaneously.
Finally, it is necessary to keep in mind that this study
included only Colombian mestizo volunteers and that
these results may not be applicable to other ethnic
groups.
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