
the better the outlook; cessation
,10 years before the end of the study
did not appear to help. Sex was not a
significant risk factor for COPD (most of
the subjects who performed spirometric
tests were women), but age at entry to
the study was, presumably because older
smokers had a history of more pack years
at entry than younger smokers.

The authors emphasise that the inci-
dence of COPD was unexpectedly high;
it must have been over 25%, given that
only 48% of those alive at 25 years
underwent spirometric tests, and those
who did not were almost certainly in
worse health than those who did.
Furthermore, 109 participants (more
than 1% of the total) died of COPD
during the observation period and were
therefore unavailable for testing. This is
distinctly higher than the commonly
quoted figure of 15%—that is, 15% of
smokers develop symptomatic COPD, a
point recently emphasised by another
editorial comment.3

The estimate of 15% of smokers
developing COPD is usually attributed
to Fletcher et al4 whose work forms the
basis of most of our current under-
standing of the disease. I am unable to
locate an unequivocal statement in their
book quoting this number, but I believe
that there are some circumstances that
might explain a difference between the
purported views of Fletcher and the
findings of the Copenhagen City Heart
Study. Firstly, most of the COPD in the
latter study was ‘‘moderate’’—that is,
the participants had FEV1 values of 50–
79% of the predicted normal—so it is
likely that many of these were not very

symptomatic. Secondly, COPD in the
early to mid 1960s was somewhat
different from today; in my experience,
deaths and hospital admissions caused
by COPD were not uncommon in men
aged 55–65, which is not the case today.
If one imagines the rate of loss of FEV1

necessary to culminate in values of 0.5–
1.0 l at the age of 55, assuming the
subject started smoking in late adoles-
cence, the result is spectacular and rare
today. This is a somewhat long winded
way of saying that the COPD ‘‘sensitiv-
ity’’ of the Copenhagen Heart Study was
very likely considerably greater than
that of Fletcher et al.

Lokke et al1 emphasise that the high
incidence of COPD which they observed
was due to the length of their study. The
mean age at study entry was about
45 years and, given a 25 year follow up
period, many of their participants must
have been over 70. The message is that
many smokers develop airways obstruc-
tion if they live long enough and
continue to smoke, and that the number
that do so is increasing because of a
decline in competing mortality. I heart-
ily agree with this conclusion. If a
smoker has an FEV1 of 4.0 l at the age
of 30, his FEV1 will have to decline by
about 120 ml/year to develop respiratory
failure (FEV1 = 1.0 l) at the age of 55,
which is uncommon. On the other
hand, if the FEV1 declines at a rate of
60 ml/year—the rate of decline of an
‘‘average’’ smoker4 5—respiratory failure
is likely to occur at the age of 80 in an
‘‘average’’ smoker. It is not uncommon
for smokers to reach 80 years of age
nowadays.

An argument can therefore be made
that many (perhaps most) smokers are
‘‘susceptible’’ to COPD if they live long
enough. Indeed, the definition of sus-
ceptibility may need to be examined.
Furthermore, the GOLD definition of
COPD as an ‘‘abnormal’’ response to
inhaled toxins may need revision, or at
least a rethink. This is not to say that
people’s propensity to develop airways
obstruction in response to smoking does
not vary; approximately 65% of contin-
uous smokers in the Copenhagen City
Heart Study had FEV1/FVC .70% after
25 years. There are such differences, and
it is important—though difficult—to
work out their mechanisms.
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Predictive value of genetic tests for asthma exacerbations

T
he treatment of asthma remains a
formidable task for clinicians,
despite the development of new

treatment options such as long acting
b agonists, potent inhaled corticoster-
oids, and leukotriene receptor antago-
nists. The complexities in treatment
arise not only from temporal changes
in the clinical status of patients (such as
viral infections and allergy exposures),
but also from the well recognised
variability between individuals in the

response to treatment. This variability
is found with the most widely used
treatment for asthma—the b agonists—
which act to dilate constricted airways
by binding to the b2 adrenoceptor on
airway smooth muscle. It has been
suggested that up to 50% of the varia-
bility in response to b agonists between
individuals has a genetic basis.1 Beta
agonists evoke smooth muscle relaxa-
tion in airways that have become con-
stricted from virtually any spasmogen,

so it is no wonder they have a central
role in treating asthma.

However, several aspects of b2 adre-
noceptor signalling have been lurking in
the shadows for many years. Firstly, in
virtually every cell type that has been
studied, chronic exposure (,8 hours or
more) to b agonists results in a loss of
receptor expression with accompanying
desensitisation of the cellular response.2

At the physiological level, desensitisa-
tion could be manifested as tachyphy-
laxis. Clinically, tachyphylaxis to b
agonists could lead to a variety of
outcomes such as progressive loss of
the bronchodilating effect, a loss of the
protective effect against bronchocon-
striction, and increased exacerbations.
It has also been recognised for over
25 years that corticosteroids increase b2

adrenoceptor expression,3 which could
mitigate against agonist promoted
downregulation.4 The clinical response
to corticosteroids in asthma may there-
fore involve both anti-inflammatory
effects which reduce local spasmogens,
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as well as improvement in b2 adreno-
ceptor signalling.

As these molecular studies were
underway, epidemiological5–7 and clin-
ical8–10 studies were beginning to reveal
potential adverse effects of b agonists,
particularly with regular usage com-
pared with an as-needed schedule. One
of the most recently published studies
involved approximately 26 000 asth-
matics treated with salmeterol or pla-
cebo (the SMART study).11 Small but
statistically significant increases in sev-
eral secondary mortality related end
points were noted in the salmeterol
treatment group. This may have been
due to an excess in events in African
Americans treated with salmeterol.

The genomic era had its impact on b
agonist pharmacology, beginning in
1993 when we defined three non-
synonymous polymorphisms of the b2

adrenoceptor coding region.12

Subsequent studies in transfected cells13

and endogenously expressing airway
smooth muscle cells14 indicated that
the two common polymorphisms (at
amino acid positions 16 and 27) have
an impact on agonist promoted down-
regulation of receptor number.
Furthermore, the variation at position
16 (where either Arg or Gly can be
found) appeared to dominate the down-
regulation effect. What was not clear at
that time was how these in vitro
findings would be manifested in
patients. A reasonable hypothesis was
that the position 16 polymorphisms
influence tachyphylaxis to chronic b
agonists, and this has been explored
using a number of different approaches.
For example, Taylor et al15 retrospectively
examined asthma exacerbations and
peak expiratory flow rates (PEFR) in a
three-way crossover study of 157
patients receiving regularly scheduled
placebo, salbutamol (albuterol), or sal-
meterol and potential relationships to
Arg or Gly16. In those treated with
salbutamol, asthma exacerbations were
greater in Arg16 homozygous patients
than in Gly16 homozygotes, and Arg16
homozygotes treated with salbutamol
had a higher exacerbation rate than
Arg16 homozygotes treated with pla-
cebo. There was a strong trend towards
lower PEFR in Arg16 homozygotes, but
this did not reach statistical signifi-
cance. The exacerbation rates during
salmeterol treatment were low for all
genotypes and did not differ between
genotypes.

At about the same time, Israel et al16

published results from a retrospective
analysis of a trial of as-needed versus
regularly scheduled salbutamol in 190
mild asthmatics. The primary finding
centred around changes in the PEFR.
In the Arg16 group receiving regular

salbutamol, a decrease of 30.5 l/min in
morning PEFR was observed. In contrast,
neither Arg16 patients on as-needed
salbutamol nor Gly16 patients receiving
regularly scheduled salbutamol had a
decrease in PEFR. Regular salbutamol
treatment in Arg16 homozygotes was
associated with a decrease of 23.8 l/min
in morning PEFR compared with Gly
homozygotes. A somewhat similar asso-
ciation was found in a subsequent pro-
spective trial with regularly scheduled
salbutamol17 with a genotype attributable
treatment difference of 24 l/min.
Although retrospective and with a rather
small number of subjects, another recent
analysis has shown little benefit in
patients with the Arg16 genotype during
salmeterol treatment, either with or
without concomitant inhaled corticoster-
oids.18 Taken together, these studies point
to a segment of the population—those
homozygous for Arg16—who do not
appear to benefit and/or may deteriorate
with chronic b agonists.

It is worth noting that the aforemen-
tioned studies had relatively strict enrol-
ment criteria and, as such, there was
some degree of homogeneity in the
patient populations within each study.
This is a typical study design in that
investigators attempted to minimise the
noise from non-genetic heterogeneity.
In the current issue of Thorax, Palmer et
al19 have explored this important con-
cept in a different manner. These
investigators considered a more ‘‘real
life’’ situation, using a cross section of
children and young adults with asthma
(546 patients) from asthma clinics in
Tayside, Scotland. Of these, 164 were
receiving regular salmeterol with an
inhaled corticosteroid and 351 were
receiving as-needed salbutamol. These
two groups represented approximately
95% of the b agonist treatment regi-
mens. When all patients were consid-
ered, the odds ratio associated with
Arg16 and asthma exacerbations was
2.05 (p = 0.010) but, in salmeterol trea-
ted patients, the odds ratio associated
with Arg16 homozygosity and exacerba-
tions was 3.40 (p = 0.022). In contrast,
in patients not being treated with
salmeterol (which essentially represents
those on as-needed salbutamol), the
odds ratio for exacerbations associated
with Arg16 was not statistically signifi-
cant (regardless of whether homozygous
status or a co-dominant model was
used).

These results are therefore consistent
with the previously cited studies, all
pointing to Arg16 polymorphism as a
genetic marker for a poor response to
chronic b agonist treatment in asthma.
In addition, like the aforementioned
study,18 this phenotype is present during
inhaled corticosteroid treatment. The

potential ramifications of this concept
are significant in that the frequency of
homozygous Arg16 in the population
ranges from ,15% in white ethnic
groups to ,35% in those of Asian
descent. What is not really clear from
any of these studies is what percentage
of the variability in a phenotype can be
attributed to the position 16 polymorph-
ism. If it is only a small fraction (10% or
less), one has to wonder whether, alone,
knowing the genotype at position 16 has
any clinical usefulness. Similarly, what
is the sensitivity and specificity of the
test? The predictive value of genetic tests
can potentially be increased if the gene
has more than one polymorphism and
only certain combinations of these
polymorphisms (haplotypes) are res-
ponsible for a given cellular response.
Genotyping at these multiple sites can
therefore identify certain combinations
more precisely. On the other hand, if a
single polymorphism is the only variant
that is controlling the phenotype, then
partitioning the population into further
subgroups will not improve the predic-
tive power. For the intronless b2 adre-
noceptor gene, there are a number of
polymorphic sites in the 59 flanking
region (up to nucleic acid 21023) which
are found in 12 distinct haplotypes20

(there may be additional polymorphic
sites further upstream or in the 39

untranslated region of the gene). Of
the 12 haplotypes, five have frequencies
of ,5% or more in one or more ethnic
groups. As can be seen in table 1, if an
individual has an adenine (A, which
encodes for arginine) at nucleic acid
position 46 (amino acid 16), their
haplotype could be #1 or #4. This is
particularly so for those of African
descent in whom haplotype #1 has a
frequency of 25%. Furthermore, an
individual with a guanine (G, which
encodes for glycine) at position 46 could
have haplotype #2 or #6. Also note the
approximately sevenfold difference in
the frequency of haplotype #2 between
white ethnic groups and African
Americans, and the ,5% frequency of
haplotype #9 which is exclusively found
in African Americans. Within the b2

adrenoceptor gene there is therefore
substantial genetic variability outside
the coding region. Adding these addi-
tional polymorphisms to the coding
polymorphisms or the use of haplotypes
may improve the predictive power. In
addition, the b2 adrenoceptor pathway
has a number of signalling elements
such as Gs, adenylyl cyclase, G-protein
coupled receptor kinases, and protein
kinase A. Genetic variability in any of
these elements could also contribute to
b agonist phenotypes.21

It is quite likely that a set of variants
from multiple genes acts to set b agonist
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responsiveness. Ultimately, then, a
‘‘score card’’ may be developed which
uses genetic variants from multiple
genes and has substantial predictive
power such that treatment can be
individualised for asthma patients.
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Table 1 Localisation of single nuclear polymorphisms and identification of haplotypes of the b2 adrenoceptor gene

Haplotype*

Nucleotide Frequency (%)

21023 2709 2654 2468 2406 2367 247 220 46 79 252 491 523 Ca AA As

1 A C G C C T T T A C G C C 0.7 25.0 12.5
2 A C G G C C C C G G G C C 48.3 6.3 10.0
3 G A A C C T T T A C G C C 0.7 0.0 0.0
4 G C A C C T T T A C G C C 33.0 29.7 45.0
5 G C A C C T T T G C G C C 1.4 0.0 0.0
6 G C G C C T T T G C A C A 13.2 31.3 30.0
7 G C G C C T T T G C A T A 1.0 1.6 0.0
8 G C A C C T T T A C A C A 0.7 0.0 0.0
9 A C G C T T T T A C G C C 0.0 4.7 0.0
10 G C G C C T T T G C A C C 0.7 0.0 0.0
11 G C G C C T T T G C G C C 0.3 0.0 2.5
12 A C G G C T T T A C G C C 0.0 1.6 0.0
Location 59 59 59 59 59 59 AA19

BUP
T = Cys
C = Arg

59 AA16
G = Gly
A = Arg

AA27
C = Gln
G = Glu

Syn AA164
C = Thr
T = Ile

Syn

*The haplotype number is based on the original description of b2AR haplotypes as presented in Drysdale et al.20

Ca, Caucasian; AA, African American; As, Asian; BUP, b-adrenergic upstream peptide.
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