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Background: Recent studies demonstrate that genetic varia-
tionsin the human B,-adrenergic receptor (B,AR) structure at
codons 16 and 27 alter receptor function in vitro and are asso-
ciated with asthma severity and airway hyperresponsiveness
but have not been linked to asthma diagnosis. The nature of
therelation in a more homogeneous population is uncertain.
Objective: We determined frequencies of these polymor phisms
to explore the association between B,AR haplotypes and asth-
ma diagnosis and phenotype.

Methods: Thisis a population-based, case-control study that
involves a total sample of 907 unrelated Mexican Mestizos.
Genotyping at B,AR was identified by polymerase chain reac-
tion—restriction fragment length polymor phism analysis. Mul-
tivariate logistic regression analysis was used to estimate the
oddsratio (OR) of the association between B,AR haplotype
status and asthma diagnosis.

Results: A significant inver se association was found between
subjects with Glu27 allele (OR, 0.5; 95% CI, 0.4t0 0.7) and
Gly16-Glu27 alleles (OR, 0.5; 95% ClI, 0.3 to 0.8) and asthma.
Sex differences in this association were explored, given the
complex relation between sex and asthma. Among men, a posi-
tive association was present between the “ Gly16 allele without
Glu27" (OR, 2.9; 95% ClI, 1.26 to 6.8) and asthma. In contrast,
alower risk of asthma was found among women Gly16-Glu27
alleles (OR, 0.3; 95% CI, 0.2 to 0.6). Nocturnal asthma was
associated with the Gly16 allele (OR, 1.8; 95% ClI, 1.3t0 2.6).
Conclusions: Variation in the B,AR geneis associated in the
pathogenesis of asthma and acts as a disease modifier in noc-
turnal asthma. (J Allergy Clin Immunol 2003;112;1095-1100.)
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Genetic variations in the human 3,-adrenergic recep-
tor (B,AR) structure have been the subject of much
experimental and clinical research, given its potential
role in the pathogenesis and treatment of asthma. The
intronless gene encoding this G-protein—coupled recep-
tor has been cloned and sequenced, and 13 different point
mutations in the promoter and coding sequence have sub-
sequently been described.1-3 Four polymorphisms of the
coding region demonstrate changes in the amino acid
sequence; however, only substitutions of glycinefor argi-
nine at codon 16 (Argl6 - Gly) and glutamic acid for
glutamine at codon 27 (GIn27 - Glu) of the 3,AR gene
have been widely studied in both subjects with and with-
out asthma, since they occur in high alelic frequencies.#

Previous analyses of genetic risk of asthma among
adults have not, to our knowledge, linked B,AR gene
polymorphisms to asthma diagnosis.2511 The nature of
the relation of these polymorphisms and asthmain a
homogeneous Mexican Mestizo population with respect
to ethnic origin!2 and geography is uncertain. Therefore,
we sought to determine the allele frequencies of the
Argl6 - Gly and the GIn27 - Glu B,AR gene polymor-
phisms in 907 Mexican Mestizos. In addition, since few
prior studies of genetic risk of asthma have analyzed
Gly16 and Glu27 polymorphisms together,13 multilocus
genotypes were introduced in an effort to better charac-
terize the role of potential interactions between these two
polymorphisms of the coding region in the risk of devel-
oping asthma.3 Next, given the complex relation between
sex and asthma,14 we explored sex differencesintherela
tion between these polymorphic variants and asthma
diagnosis. Finally, we assessed the relation of these poly-
morphisms and asthma phenotype.

METHODS
Participants

This is a population-based, case-control study that involves a
total sample of 907 unrelated Mexican Mestizos living in Monter-
rey, Mexico. A Mexican Mestizo is a person born in the country,
having a Spanish-derived last name, with family antecedents of
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Mexican ancestors at least back to the third generation.12 Ethical
approval was granted by the Mexican Institute of Social Security
and Universidad Autonoma de Nuevo Leon, and written consent
was obtained from al participants.

Outpatient cases were recruited from the Pulmonary Physiolo-
gy Laboratory at the Mexican Institute of Social Security. Asthma
diagnosis was based on the following criteria: (1) current physi-
cian diagnosis of asthma, (2) symptoms (wheezing), (3) use of
antiasthma medications, and (4) spirometry ([3-agonist reversibili-
ty). Subjects with concomitant physician diagnosis of chronic
bronchitis and emphysema were excluded from the study. A total
sample of 303 outpatients with a diagnosis of asthma agreed to
participate in the study. On the other hand, a population-based,
random sample of 660 healthy control subjects was ascertained
from the member’s insurance list of the Mexican Institute of
Social Security. Of the identified control subjects, 56 refused to
donate blood for the genotyping analysis; therefore 604 control
subjects were included. The control group consisted of healthy
subjects (98% denied history of any chronic disease) who met the
following criteria: (1) no prior or current physician diagnosis of
asthma; (2) no history of wheezing, chronic phlegm, or shortness
of breath; and (3) no use of antiasthma medications.

A structured face-to-face interview and examination was con-
ducted for all cases and control subjects by trained interviewers who
used a structured questionnaire that assessed demographic and phe-
notypic characteristics. All interviews were conducted at the Mexi-
can Institute of Social Security. Cases and control subjects were
classified with respect to physical activity status as physicaly active
if they reported at least a 30-minute walk per day, and/or lifting or
carrying heavy objects at work daily, and/or participating in sports
or physical exercise more than 2 hours per week. Cases were asked
for history of nocturnal asthma, defined as a history of awakening
caused by asthma at least once per week for 12 consecutive
months.15 Furthermore, baseline pulmonary function and reversibil-
ity studies were evaluated in the case group, with values expressed
as percentage of predicted normal values.16

Genotyping

Genotyping at B,AR-16 and 3,AR-27 was identified by poly-
merase chain reaction—restriction fragment length polymorphism
analysis, using the primers and protocol detailed by Large et a.17
Cases and control subjects were genotyped together, and individu-
als who performed (3,AR genotyping were blinded to case-control
status. In 10% of subjects, samples were genotyped by two investi-
gators independently, and they obtained identical results (k = 1.0).

Statistical analysis

Statistical analyses were performed with Stata 7.0 (StataCorp,
College Station, Tex). Data were compiled according to the geno-
type, and the derived allelic frequencies were estimated on the basis
of the observed numbers of the specific alleles from genotype data
in each group. The genotype frequencies for each polymorphism
were tested for deviation from the Hardy-Weinberg equilibrium by
%2 goodness-of-fit analysis, with one degree of freedom used. Dif-
ferences in the frequencies of the BAR-2 polymorphisms by race
were tested by comparison of the distribution of genotypesand alle-
les with R x C contingency table analysis and Fisher exact test as
appropriate. Linkage disequilibrium was based on analysis of a 3 x
3 contingency table. Since unique interactions of multiple single
nucleotide polymorphisms within a haplotype ultimately affect bio-
logical and therapeutic phenotype and individua single nucleotide
polymorphisms may have poor predictive power as pharmacogenet-
ic loci,3 analyses were performed across 3 multilocus genotypes, as
described by Barr et al: Argl6 reference (Argl6Arg-GIn27GIn and
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Argl6Arg-GIn27Glu), “Gly16 allele without Glu27” or Gly16
(Argl6Gly-GIn27GIn and Gly16Gly-GIn27GIn), and “Gly16 alele
with Glu27” or Gly16-Glu27 alleles (Argl6Gly-GIn27Glu,
Argl6Gly-Glu27Glu, Gly16Gly-GIn27Glu, and Gly16Gly-
Glu27Glu).13 Associations were tested by means of the x2 test, t
test, ANOVA, and Wilcoxon rank-sum test, as appropriate. Multi-
variate logistic regression analysis was used to estimate the odds
ratio (OR) of the association between 3,AR genotype status and
asthma diagnosis, while controlling for age, sex, education, smok-
ing, body mass index (BMI), and physical activity. Also, multivari-
ate logistic regression analysis was used to look at the association
between B,AR genotype status and nocturnal asthma, while con-
trolling for demonstrated predictors of nocturnal asthma (see
Results section). Multiplicative interaction terms were tested in the
logistic regression models. A value of 2-tailled P < .05 was consid-
ered statistically significant. OR are presented with 95% confidence
intervals (Cl).

RESULTS

Table | shows the general characteristics of the study
population. Cases differed from control subjects in sev-
eral ways. Adults with asthma were older, more likely to
be female, and were less likely to have graduated from
high school. Although cases and control subjects had
similar levels of having ever smoked (36% and 40%,
respectively), adults with asthma were more likely to be
former smokers, whereas control subjects were more
likely to be current smokers. Subjects with asthma had
higher BMI and were less likely to be physically active.

All individuals were genotyped for 3,AR-16 and
B,AR-27 gene polymorphisms, and all known genetic
variations were found. As expected, the two sequence
variants were in strong linkage disequilibrium (P < .001).
B,AR-27 gene polymorphisms were in Hardy-Weinberg
equilibrium in the general population. However, only
among cases, an increased number of GIN27GIn homozy-
gotes were present (P = .007). For the B,AR-16 gene
polymorphisms, there were no significant deviations
from Hardy-Weinberg equilibrium.

Asthma diagnosis

Table I shows B,AR allele frequencies in asthma and
control groups. The frequency of B,AR-27 aleles dif-
fered significantly between cases and control subjects (P
=.001). The Glu27 alele was highly associated with a
decrease prevalence of asthma diagnosis (OR, 0.5; 95%
Cl, 0.4 to 0.7). Stratifying the analysis by sex did not
materially change these results. On the other hand, the
allelic frequency of the Glu27 polymorphism among the
control group was 20%, significantly lower (P < .001)
among our Mexican population than in white subjects, in
whom the prevalence of the Glu27 alleleis more frequent
(47%).4 In contrast, there were no marked interethnic dif-
ferences (P = .27) in the frequency of the Glu27 alele
and previous reports among black (21%) and Hispanic
(26%) populations.1819 Finally, the allelic frequency of
Gly16 among control subjects did not differ from these
populations (P = .34).41819

Multilocus genotype frequencies between cases and
control subjectsare shown in Table I11. The most common
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TABLE I. Demographic and clinical characteristics of the
study population
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TABLE Il. B,-adrenoceptor gene allele frequencies
between cases and control subjects®

Cases Control subjects Cases Control subjects
Characteristics (n =303) (n = 604) Allele (n =303) (n = 604) OR (95% ClI)
Age (y), mean + SD* 42+ 14 35+ 12 Arglé 275 (45%) 520 (43%) 0.9 (0.7-1.1)1
Female (%)* 74 62 Glyl6 331 (55%) 688 (57%)
High school graduate (%)* 33 a4 GIn27 535 (88%) 972 (80%) 0.5 (0.4-0.7)*
Smoking status (%)* Glu27 71 (12%) 236 (20%)
Never-smokers 64 60
Former smokers 27 12 *Counts represent actual number of alleles and not subjects.
Current smokers 9 28 Lz z '8’3‘1
Median pack-years T
Among former smokers 1.0 0.5
Among current smokers 20 1.2 TABLE Ill. B,-adrenoceptor multilocus genotype frequen-
BMI (kg/m2), mean + SD* 30+6 28+5 cies between cases and control subjects
deht (kg), mean * ?D 73116 71+16 Cases Control subjects
Physically active (%) 69 83 Genotype (n =303) (n = 604) P value
*P< .0l Argl6Arg 56 (18%) 101 (17%) 61
Argl6Gly 163 (53%) 318 (53%)
Gly16Gly 84 (28%) 185 (31%)
0, 0,
combination for both cases and control subj ects was g:ﬂggﬂ 23; g%g ggg Eggog =
ArglGGIy-GI n27GI n, 43% and 33%, respectlvel y. In Glu27Glu 9 (3%) 17 (3%)
agreement with previous reports, 131719 therewasno par- - Arg16Arg-GIn27GIn 56 (19%) 96 (16%) <.001"
ticipant homozygous for both Argl6 and Glu27. Also, Argl6Gly-GIn27GIn 131 (42%) 198 (33%)
when compared with white individuals, Mexican Mesti- Argl6Gly-GIn27Glu 31 (10%) 118 (20%)
zos had a significantly higher frequency of the combined ~ Gly16Gly-GIn27GIn 54 (18%) 91 (15%)
Gly16 and GIn27 (15% vs 5%) and a marked lower fre-  Gly16Gly-GIn27Glu 22 (7%) 79 (13%)
quency of the combined Gly16 and Glu27 (3% vs15%).19  Glyl6Gly-Glu27Glu 8 (2%) 15 (3%)
Table IV presents adjusted ORs of the association — Ar916Gly-Glu27Glu 1 (<1%) 2 (<1%)
between B,AR-16 and B,AR-27 multilocus genotype Arg16AIg-Cln27Clu 0 (0%) 5(1%)
2 2 9enolypPe  \\1416Arg-GIU27GIu 0 (0%) 0 (0%)

groups and asthma diagnosis stratified by sex. Adjustment
for potentia confounders had essentially no effect on the
estimates by 10% or more.20 Among all participants, with
subjects with Argl6 used as the reference group, asthma
was not associated with “Gly16 allele without Glu27”
(OR, 1.1; 95% ClI, 0.7 to 1.6), but a significant inverse
association was found among subjects with Gly16-Glu27
aleles (OR, 0.5; 95% ClI, 0.3 to 0.7). Stratifying the
analysis by sex, we found a strong, positive, independent
association between “Gly16 alele without Glu27” and
asthmain men (OR, 2.9; 95% ClI, 1.2 to 6.8) but not in
women (OR, 0.7; 95% CI, 0.4 to 1.1). Furthermore, a
strong and independent inverse association between
Gly16-Glu27 aleles and asthma was found in women
(OR, 0.3; 95% ClI, 0.2 to 0.6) but not in men (OR, 0.8;
95% ClI, 0.3 to 2.1). The interaction was statistically sig-
nificant (P = .003), with “Gly16 without Glu27” increas-
ing risk in men but not in women. On the other hand,
Gly16-Glu27 aleles appeared equally protective for both
men and women (P for interaction term = .09).

Asthma phenotype

Table V presents phenotypic characteristics of asthma
cases across 3,AR multilocus genotype groups. Among
subjects with asthma, “Gly16 alele without Glu27” and
Gly16-Glu27 alleles were significantly associated with
nocturnal asthma but not with several demographic, clin-
ical, and severity characteristics of asthma. Subjects with
nocturnal asthma (n = 90) reported a significantly higher

*P <.001 after Bonferroni correction for multiple comparisons.

history of hay fever (P = .03) and presented a signifi-
cantly lower baseline FEV ; (P = .04) compared with sub-
jects with asthma with nonnocturnal symptoms. Also,
adults with nocturnal asthma were more likely to report
a history of ever having been hospitalized for asthma (P
< .01), history of emergency department visit in the last
year (P < .01), use of inhaled steroids during the past 4
weeks (P < .01), and use of inhaled B-agonists during the
past 4 weeks (P < .01). We found that the Gly16 allele
was highly associated with an increased prevalence of
nocturnal asthma, with an OR of 1.8 (95% Cl, 1.3t0 2.6).
Furthermore, in the multivariate analysis, nocturna asth-
ma was strongly associated with “Gly16 alele without
Glu27” (OR, 4.9; 95% ClI, 1.7 to 13.9) and with Gly16-
Glu27 aleles (OR, 4.2; 95% Cl, 1.3 to 13.7). Stratifying
the analysis by sex did not materially change these
results (data not shown).

DISCUSSION

The current study reports an association between
human B,AR gene polymorphisms at codons 16 and 27
and asthma diagnosis among a total sample of 907 unre-
lated adults. We found that the allelic frequency of the
Glu27 polymorphism of the 3,AR gene was less preva-
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TABLE IV. B,-Adrenoceptor gene polymorphism frequencies among cases versus control subjects stratified by sex

Total population

Men Women

Cases Control subjects OR Cases Control subjects OR Cases Control subjects OR
Genotype groupst  (n =303) (n = 604) (95% CI) (n=80) (n =227) (95% CI) (n=223) (n=377) (95% ClI)
Argl6 (%) 18 17 1.0 10 19 1.0 22 15 1.0
Gly16 (%) 61 48 1.1(0.7-16) 75 48 29(1.2-68) 56 438 0.7 (0.4-1.2)
Gly16-Glu27 (%) 20 35 05(0.3-0.7) 15 33 0.8(0.3-21) 22 37 0.3 (0.2-0.6)

*Odds ratios for asthma diagnosis are adjusted for age, sex, education, smoking status, BMI (kg/m?2), and physical activity.
fIn the genotype groups, subjects with genotypes Arg16Arg-GIn27GIn and Argl6Arg-GIn27Glu are the reference group (Argl6) and are compared with sub-
jects with genotypes Arg1l6Gly-GIn27GIn and Gly16Gly-GIn27GIn (Gly16) and with subjects with genotypes Arg1l6Gly-GIn27Glu, Arg16Gly-Glu27Glu,

Gly16Gly-GIn27Glu, and Gly16Gly-Glu27Glu (Gly16-Glu27).

TABLE V. Phenotypic characteristics of asthma cases across (3,-adrenoceptor genotype groups™

Phenotypic characteristics Arg16 Gly16 Gly16-Glu27
Mean age (y), mean = SD 36+ 13 38+13 37+13
Female (%) 68 65 68
High school graduate (%) 34 40 44
Never-smokers (%) 66 61 59
No exercise (%) 71 76 76
Mean age of asthma diagnosis (y), mean = SD 32+ 16 32+ 16 34+ 16
Maternal history of asthma (%) 15 10 18
Paternal history of asthma (%) 6 8 8
History of hay fever (%) 70 68 66
Upper respiratory infection as trigger of attacks (%) 73 76 69
Mean FEV; (% predicted), mean + SD 82+ 28 87+ 24 84+ 21
Mean FVC (% predicted), mean + SD 92 + 26 97 + 20 94 + 20
Ever hospitalized for asthma (%) 30 30 27
Emergency department visit in last year (%) 34 46 44
Ever taken steroid medicine for asthma (%) 30 35 35
Inhaled steroids during past 4 weeks (%) 50 52 55
Inhaled B-agonist during past 4 weeks (%) 64 68 73
History of nocturnal asthma (%)t 11 35 32

*Subjects with genotypes Arg16Arg-GIn27GIn and Argl6Arg-GIn27Glu are the reference group (Argl6) and are compared with subjects with genotypes
Argl6Gly-GIn27GlIn and Gly16Gly-GIn27GIn (Gly16) and with subjects with genotypes Arg16Gly-GIn27Glu, Argl6Gly-Glu27Glu, Gly16Gly-GIn27Glu, and

Gly16Gly-Glu27Glu (Gly16-Glu27).
TP < .01 after Bonferroni correction for multiple comparisons.

lent among Mexican Mestizos than in white popul ations.
This could explain the significant inverse association
between the Glu27 allele and asthma diagnosis in men
and women found in our study population.

The results of our study are consistent with expecta-
tions one can infer from in vitro studies that assessed the
phenotype of B,AR gene polymorphisms. Site-directed
mutagenesis studies have demonstrated that Gly16 variant
has an enhanced agonist-promoted downregulation com-
pared with the wild-type receptor.21.22 On the contrary,
the Glu27 polymorphism was associated with an impaired
agonist downregulation.2122 |t was shown that B,AR-27
polymorphism affects the agonist-promoted downregula-
tion in that the GIn27 polymorphism confers increased
downregulation when compared with the Glu27 receptor
form. Similar results have been reported in primary cul-
tures of human airway smooth muscle cells.23

As aresult, it is possible that the enhanced agonist-
promoted 3,AR downregulation associated with the
GIn27 polymorphism correlates with the increased risk
of asthma. Moreover, the association of the“ Gly16 alele

without Glu27” with asthma diagnosis in our population
could be explained by the fact that the haplotype Gly16-
GIn27 has the greatest potential for downregulation.22
On the other hand, the result that a protective association
was present between the receptor form Glu27 and asthma
is consistent with its resistance to downregulation. Indi-
viduals with the GIn27 variant may downregulate their
B,AR in vivo in response to circulating catecholamines.
Subjects harboring the Glu27 form, which is resistant to
downregulation, would therefore express higher levels of
B,AR in the airways compared with the GIn27 form.
Thus, individuals with the Glu27 variant of the receptor
may be less susceptible to inflammation and bron-
choconstriction and hence have less reactive airways than
individuals with the GIn27 form.® Moreover, Dishy et
al24 reported that the Glu27 polymorphism is associated
with increased agonist-mediated responsiveness.

Thein vitro and in vivo effects of severa polymorphic
combinations of the B,AR gene have been shown to be
different from those previously obtained with individual
polymorphisms.3 Drysdale et a identified different
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effects on the B,AR gene and protein expression in vitro,
consistent with the in vivo response to a 3,AR agonist,
based on haplotype pairs. Individuals with asthma with
haplotype Argl6Arg-Gln27GIn had a depressed respon-
siveness in contrast to individuals with haplotype
Gly16Gly-Glu27Glu, who had an increased responsive-
ness. In the current study, men with the “Gly16 allele
without Glu27” were at increased risk of asthma diagno-
sis, whereas men and women harboring the Gly16-Glu27
aleles were at lower risk of asthma diagnosis.

Our findings of an association among men with the
“Gly16 alele without Glu27” and asthma diagnosis are
also consistent with previous clinical data. Hall et al
found that the GIn27 allele was associated with enhanced
bronchial hyperresponsiveness and elevated IgE levels
among asthmatic persons. Furthermore, sex differences
in our study are consistent with a previous anaysis of
B,AR haplotypes reported by D’ Amato et al! in a popu-
|ation-based study of men that showed that Gly16-GIn27
was strongly associated with persistent bronchial hyper-
responsiveness. Finaly, although Ulbrecht et al reported
an underrepresentation of Gly16-GIn27-Thr164 haplo-
type carriers within the group of individuals with
bronchia hyperresponsiveness, only a significant protec-
tive effect of the Gly16-GIn27-Thr164 haplotype on
bronchial hyperresponsiveness was present among
women and not in men.2z

The protective effect of the Glu27 polymorphism is
also consistent with several clinical studies. Hopes et a
found that this form of the receptor was associated with
a decreased prevalence of self-reported asthmain a ran-
dom population of children from the United Kingdom.26
Finaly, this polymorphism has not been associated with
increased levels of IgE and bronchia hyperactivity
among subjects with asthma.89 Thus, our results confirm
previous studies that hypothesized that subjects harbor-
ing the Glu27 form of the receptor could be protected
from the development of asthma.®10

With regard to the relation between (3,AR gene poly-
morphisms at codons 16 and 27 and asthma phenotype,
we found a strong association between the Gly16 variant
and history of nocturnal asthma. This observation is con-
sistent with Turki et al,15 who reported that the Gly16
form of the receptor was strongly associated with noctur-
na asthma. In addition, we performed analyses across
genotype groups and found that the combination of the
Gly16 variant with both GIn27 and Glu27 polymor-
phisms were more common in subjects with a history of
nocturnal asthma. As previously noted, the mechanism
whereby the Gly16 polymorphism might lead to the
development of nocturnal asthma is related to its
enhanced agonist-mediated 3,AR downregulation.

The current study has some potential limitations. First,
it could be possible that several potential confounding
variables such as BMI, physical activity, and mainly,
smoking, could be altering our results, since they may
have gene-environment interactions with B,AR gene
polymorphisms.17.27.28 However, the multivariate analy-
ses showed that the associations of 3,AR gene polymor-
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phisms at codons 16 and 27 with asthma were indepen-
dent of these factors. Also, there was no clear evidencein
this sample for an interaction among BMI (P =.38), phys-
ical activity (P = .89), and smoking (P = .62) with geno-
type groups. Second, the case definition of nocturnal asth-
ma was based on history and not defined by spirometry.
Nevertheless, since we found that subjects with a history
of nocturnal asthma had a higher prevalence of multiple
markers of asthma severity, those participants who report-
ed nocturnal symptoms probably do exhibit the pheno-
type of nocturna asthma. Findly, it cannot be excluded
that other polymorphisms or complex haplotypes within
the promoter and coding region of the B,AR gene or in
adjacent genes might contribute to the genetic inheritance
of asthmawhile being in linkage with those studied here.3
In this regard, polymorphisms of the 5 leader cistron of
the B,AR, which are known to be important for control-
ling the level of expression of the B,AR in cells,29.30
deserve further investigation of linkage analyses with
B,AR gene polymorphisms at codon 16 and 27.

The current study reports an association between 3,AR-
16 and ,AR-27 gene polymorphisms with asthma diag-
nosis and nocturnal symptoms among Mexican Mestizos.
These results provide evidence that variation in the B,AR
gene is associated with asthma pathogenesis and may act
as a disease modifier in nocturnal asthma. The results of
our study are consistent with expectations one can infer
fromin vitro and in vivo studies that eval uated the pheno-
type of B,AR gene polymorphisms. Furthermore, these
results give emphasis to the necessity of accounting for
ethnic background in performing B,AR genotyping.
Interethnic differencesin the B,AR structure could explain
differencesin theincidence and prevalence of asthma, dis-
ease susceptibility, asthma severity, and treatment
response. Further investigation is required to assess the sex
difference that could be of major importance in B,AR
function and its role in the pathogenesis of asthma.

The authors are most grateful to Dr Edwin Silverman for his
thoughtful comments on the manuscript.
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