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ABSTRACT: Exacerbations of chronic obstuctive pulmonary disease (COPD) are
associated with worse health status. The Inhaled Steroids in Obstructive Lung Disease
in Europe (ISOLDE) study showed that treatment with fluticasone propionate (FP)
reduced exacerbation frequency and the rate of deterioration in health status as
compared with placebo. The present study analysed these data to test whether the effect
of FP on health status was attributable to its effect on exacerbations.

Rates of deterioration in St George9s Respiratory Questionnaire (SGRQ) total score
were obtained for 613 patients with moderate to severe COPD followed for a maximum
of 3 yrs. Exacerbation rates were skewed and could not be normalised, therefore,
patients were stratified into three exacerbation groups: none, infrequent (v1.65
exacerbations?yr-1) and frequent (w1.65 exacerbations?yr-1).

There were 91 patients with no exacerbations, 285 with infrequent exacerbations and
235 with frequent exacerbations. Frequent exacerbations were independently associated
with a worse baseline SGRQ score (pv0.0001) and a more rapid rate of deterioration in
health status (p=0.0003). Exacerbation frequency and rate of decline in forced
expiratory volume in one second were independently related to the rate of deterioration
in SGRQ score.

Statistical modelling showed the beneficial effect of fluticasone propionate on
deterioration in health status to be largely due to its effect on exacerbation frequency.
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Chronic obstructive pulmonary disease (COPD) is a com-
plex disease characterised by incompletely reversible airways
obstruction, progressive loss of lung function, recurrent
exacerbations and poor health. The relationship between
health status and exacerbations is well established; poor
health is associated with a higher frequency of exacerbations
[1, 2], an increased likelihood of hospitalisation [3] and
increased mortality [4]. Recent meta-analyses have reported
that inhaled corticosteroids (ICS) have a minimal or no effect
on the rate of decline in forced expiratory volume in one
second (FEV1) [5, 6], but they do reduce the severity [7] and
frequency of exacerbations [8], and reduce the rate of
deterioration in health status [8, 9]. A number of recent
studies have also shown that inhaled therapy can reduce
exacerbations and improve health status over 1 yr [10–12].
While there appears to be an association between exacerba-
tions and health status, the mechanism has not yet been
established. Furthermore, there is no direct evidence that
reducing exacerbation frequency can improve health. The aim
of the present study was to re-analyse data from the 3-yr
Inhaled Steroids in Obstructive Pulmonary Lung Disease in
Europe (ISOLDE) study of fluticasone propionate (FP) in
COPD [8], using statistical models, to test whether there is
evidence of a direct association between exacerbation fre-
quency and deterioration in health status, and whether the
effect of FP on health status is attributable to its effects on
exacerbation frequency.

Methods

Full details of the study methodology, patient selection,
efficacy assessments and statistical analyses have been
published previously [8].

In brief, the study enrolled current or former smokers aged
40–75 yrs with nonasthmatic COPD. The study used a
randomised, double-blind, placebo-controlled, parallel-group
design and was conducted in 18 hospitals in the UK.

The St George9s Respiratory Questionnaire (SGRQ) is a
supervised, self-administered measure designed specifically
for use in airways disease. It is a 50-item survey scored from
0–100, where 0 indicates best health, 100 indicates worst
health and a difference or change in score of 4 units is clini-
cally significant [13]. The SGRQ has been shown to be a valid
measure of health impairment in chronic airflow limitation
[14], to respond to changes in therapy [15] and to be a
predictor of mortality in COPD [4, 16]. The total score is used
as the outcome in the current analysis.

Use of ICS was discontinued and all patients entered an
8-week run-in period. Patients were then randomised to
receive FP 500 mg twice daily via metered-dose inhaler and
spacer device or a placebo. Patients were permitted to use
salbutamol and ipratropium bromide as required. Other
permitted treatments were equally distributed between the
treatment groups.
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The SGRQ was completed after the run-in period and then
6-monthly for 3 yrs, whether they had experienced a recent
exacerbation or not. Exacerbations, defined as "chest prob-
lems requiring treatment with antibiotics and/or oral cortico-
steroids", were recorded at 3-month intervals by patient
self-report. No specific instructions were given to physicians
concerning treatment decisions. Patients were withdrawn
from the study if continuance was considered detrimental,
or if they required more than two short courses of oral
corticosteroids in any 3-month period or maintenance oral
corticosteroid or ICS treatment. Rates of deterioration in
SGRQ total score were obtained for 613 patients with
moderate to severe COPD followed for a maximum of 3 yrs.

Exacerbation rate was calculated as the number of exa-
cerbations per year. If a patient withdrew during the study,
the exacerbation rate was calculated by dividing the number
of exacerbations experienced during the treatment period by
the time spent on treatment. Normalising transformations of
the exacerbation rate did not adequately combat the problem
of a skewed distribution, therefore, the current study cate-
gorised the patients in the following way: nonexacerbators
(no exacerbations in the entire 3-yr period), infrequent
exacerbators and frequent exacerbators. The latter two
categories were determined using a median split (1.65
exacerbations?yr-1) of the annualised exacerbation rate for
patients who had exacerbations. It should be noted that this
median value is higher than that reported by BURGE et al. [8],
as the latter calculated the average exacerbation rate for all
randomised patients whereas the current study included only
the 613 patients for whom a rate of deterioration in SGRQ
total score was obtainable. The annual exacerbation rate was
not significantly different between the two treatment arms
in this group of patients (Mann-Whitney U-test, p=0.05),
therefore, the analyses did not control for treatment unless
otherwise specified.

Baseline differences between the proportion of males and
females having exacerbations, and between the proportion
of smokers and exsmokers having an exacerbation were
examined using Fisher9s exact test. Baseline differences in age,
SGRQ total score and FEV1 % predicted between exacer-
bators and nonexacerbators were tested using unpaired t-tests.
The relationship between exacerbation category and health
status scores was measured using analysis of variance,
controlling for differences between study centres. Rates of
decline in health status and FEV1 were calculated using
unpaired multi-level hierarchical model [8]. To examine the
relationship between change in health status over time and
exacerbation frequency, rate of change in health status from
6 months onwards was used as the dependent variable in
multivariate analyses. For some analyses, baseline FEV1 %
pred was subdivided into two categories, according to American

Thoracic Society severity criteria (ATS) [17]: mild (post-
bronchodilator FEV1 o50% pred) and moderate to severe
(postbronchodilator FEV1 v50% pred). Exacerbation
category, decline in FEV1 and treatment group were the
independent variables with all analyses controlling for study
centre. The authors hypothesis, a priori, was that there would
be an interaction between the effect of treatment and
exacerbation frequency on SGRQ change. When testing this
hypothesis, statistical significance was accepted at pv0.05.

Results

Baseline characteristics and exacerbation frequency

Rates of deterioration in SGRQ total score were obtained
for 613 patients and these patients were included in the
analyses. The proportion of smokers and exsmokers at
baseline did not differ between exacerbators and nonexacer-
bators, although age differed between the groups. Males were
less likely to have an exacerbation than females (table 1).
Baseline FEV1 % pred was significantly lower in patients who
subsequently had exacerbations, as compared to those who
did not. The baseline SGRQ score was also significantly
worse, both statistically and clinically, in patients who sub-
sequently experienced an exacerbation during the study, as
compared to those who remained exacerbation-free (pv0.0001).
To determine whether the relationship between SGRQ score
and exacerbation frequency was influenced by baseline disease
severity, this comparison was repeated with FEV1 category
(ATS criteria) included as an independent variable. Baseline
SGRQ score was significantly higher in patients with more
severe obstruction, however, there was no significant interac-
tion between disease severity and exacerbation frequency on
the effect on SGRQ score (p=0.4).

In patients who had at least one exacerbation during the
study, the baseline FEV1 was significantly lower in those with
frequent exacerbations (pv0.0001) (table 1). Baseline SGRQ
score was also significantly worse (fig. 1). The 4-unit diffe-
rence in score between frequent and infrequent exacerbators
was both clinically and statistically significant (p=0.03). There
was no difference in sex, age or smoking history between
frequent and infrequent exacerbators (pw0.05 in each case).

Exacerbation frequency and change in health status

Patients who remained free of exacerbations deteriorated at
a rate of 2 SGRQ units?yr-1 (95% confidence interval (CI)
1.7–2.3) whereas exacerbators deteriorated more rapidly at
a rate of 2.6 SGRQ units?yr-1 (95% CI 2.4–2.8) (p=0.004). This

Table 1. – Baseline characteristics by exacerbation status: exacerbators versus nonexacerbators

Number of exacerbations Frequency of exacerbations

None o1 p-value v1.65?yr-1
w1.65?yr-1 p-value

Subjects n 93 520 291 286
Sex M % 86 73 0.009 72 74 0.7
Age yrs 65¡7 64¡7 0.06 63¡7 64¡7 0.05
Current smokers % 52 48 0.6 48 48 0.9
SGRQ total score 42¡17 50¡17 v0.0001 48¡18 52¡15 0.03
FEV1 % pred 55¡15 49¡15 0.001 53¡15 45¡13 v0.0001

Data are presented as mean¡SD unless otherwise stated. Mean exacerbation rate in patients with exacerbationsw0 andv1.65?yr-1 was 0.9?yr-1, and in
patients with exacerbationsw1.65?yr-1 was 2.8?yr-1. M: male; SGRQ: St Georges Respiratory Questionnaire; FEV1: forced expiratory volume in one
second.
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difference was not influenced by baseline severity as indexed
by ATS category (exacerbation category*ATS category, p=0.8).
In the patients who experienced one or more exacerbations,
frequent exacerbators deteriorated significantly faster (2.9
SGRQ units?yr-1) than infrequent exacerbators (2.4 SGRQ
units?yr-1) (fig. 2). Further analysis showed that baseline score
and annual rate of deterioration in SGRQ score were
independently related to exacerbation status (i.e. exacerbators
versus nonexacerbators; Chi-Squared p=0.0002 and p=0.009,
respectively). This analysis was refined to compare frequent
and infrequent exacerbators. Again, both the baseline SGRQ
score and the rate of deterioration were independently related
to the frequency of exacerbations (i.e. frequent versus
infrequent exacerbators; Chi-Squared p=0.036 and p=0.009,
respectively).

FEV1 decline, exacerbations and change in health status

In the 613 patients who could be evaluated for this analysis,
the FEV1 declined at a rate of 54 mL?yr-1 (95% CI 50–57) and

the SGRQ score deteriorated at a rate of 2.5 units?yr-1 (95%
CI 2.3–2.7). The changes in FEV1 and SGRQ scores were
related (r=-0.20, pv0.0001). In patients who remained
exacerbation-free, the FEV1 declined at a rate of 50 mL?yr-1

(95% CI 42–58) and at 55 mL?yr-1 (95% CI 51–59) in patients
who had at least one exacerbation. Infrequent exacerbators
declined by 55 mL?yr-1 (95% CI 49–61) and frequent exacer-
bators by 54 mL?yr-1 (95% CI 50–58). Differences in FEV1

decline between exacerbators and nonexacerbators, and
between frequent and infrequent exacerbators were not statis-
tically significant (ANOVA, p=0.5).

To clarify the relationship between deterioration in health
status, decline in FEV1 and exacerbation frequency, the
authors of the present study performed a multivariate analysis
with change in SGRQ score as the dependent variable. In this
model, exacerbation frequency was significantly related to a
decline in SGRQ score (p=0.0003) after accounting for FEV1.
The decline rate of FEV1 also remained significantly related
to the decline in SGRQ scores, after accounting for exacer-
bation frequency (pv0.0001). This analysis showed that both
exacerbation frequency and rate of deterioration in FEV1

were independently related to the rate of decline in SGRQ
total score.

Effect of treatment on change in health status

The primary analysis of the ISOLDE study showed a 38%
lower rate of deterioration in SGRQ score in patients
receiving ICS (FP 2.0 units?yr-1, placebo 3.2 units?yr-1;
p=0.004) [7]. To investigate the possible mechanisms for
this, a multivariate analysis was first performed with change
in SGRQ as the dependent variable, and exacerbation fre-
quency and treatment group as independent variables. In this
model, the dominant effect on SGRQ change was exacerba-
tion category, although there was still a small significant
difference in SGRQ slope of 15% between treatments
(table 2). To test whether FP altered the relationship between
SGRQ slope and exacerbation category, an interaction term
was added for "treatment-by-exacerbation" (table 3). With
this term in place, only exacerbation status remained a
significant determinant of SGRQ change, i.e. the relationship
between SGRQ and exacerbation category was the same in
both treatment groups. In this model, the effect of FP on
SGRQ slope was very small and not statistically significant.

The present study sought to test whether the relationship
between change in health status and FEV1 decline was
influenced by treatment. In a model that included FEV1 slope,
treatment and an interaction term for "FEV1-by-treatment", a
decline in FEV1 was found and it was the dominant covariate,
although the effect of treatment remained significant (table 4).
Finally, the current study combined all the covariates (FEV1

slope, exacerbation category and treatment group) in a single
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Fig. 1. – Baseline St Georges Respiratory Questionnaire (SGRQ)
scores by exacerbation category. Data are presented as mean and
95% confidence intervals (bars). Baseline SGRQ score was missing for
six infrequent exacerbators and for five frequent exacerbators. High
score indicates worse health. #: p=0.002; }: p=0.03. None, n=91;
infrequent, n=279; frequent, n=230.
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Fig. 2. – Deterioration in St Georges Respiratory Questionnaire
(SGRQ) total score by exacerbation category. Data are presented as
mean and 95% confidence intervals (bars). Higher score indicates
faster deterioration in health. #: pv0.0001; }: p=0.004. None, n=91;
infrequent, n=285; frequent, n=235.

Table 2. – Effect of treatment and exacerbation frequency on
change in St Georges Respiratory Questionnaire (SGRQ)
score

SGRQ score units?yr-1 p-value

Exacerbation frequency
None 2.0 0.0003
Infrequent 2.4
Frequent 2.9

Treatment
FP 2.2 0.02
Placebo 2.6

Data are presented as mean or as p-value. FP: fluticasone proprionate.
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model. Exacerbation category and FEV1 slope both remained
the principal determinants of SGRQ change (both
pf0.0002). There was still a small treatment effect of FP
on SGRQ deterioration, but this was removed by the addition
of a treatment-by-exacerbation term (as used in the model
shown in table 3).

To summarise these models, exacerbation frequency and
FEV1 decline were both significant determinants of the dete-
rioration in SGRQ score. There was a small effect of FP on
SGRQ slope that was independent of its effect on exacerba-
tions (table 2), but much of the previously observed effect of
FP on health status appears to be attributable to its effect on
exacerbation rate, since the relationship between exacerbation
rate and SGRQ was the same in both treatment groups
(table 3). The model in table 4 shows that FP had effects on
SGRQ slope that were independent of FEV1 decline (and any
effect that FP may have had through an effect on FEV1

decline).

Discussion

The current study has shown that decline in FEV1 and the
frequency of exacerbations are two separate factors that lead
to deterioration in health status. Clearly, they are not the only
factors, since patients who had no exacerbations over 3 yrs
still showed deterioration in health status, even after the effect
of FEV1 decline had been taken into account. The beneficial
effect of high-dose ICS on deterioration in health appears to
be largely attributable to its effect on the frequency of
exacerbations. The lack of efficacy of FP on FEV1 decline
precludes any formal test of the hypothesis that treatments
that alter FEV1 slope will also improve the SGRQ slope.
A previous observational study by SEEMUNGAL et al. [1]
demonstrated an association between health status and the
frequency of exacerbations over the preceding year, but could

not establish causality. The health effects of an infective
exacerbation of COPD are large and persist for o3 months
after the acute event [18]. This long recovery period might
explain the association observed by SEEMUNGAL et al. [1];
patients who had frequent exacerbations were likely to have
been in a recovery phase when assessed at the end of the study
period, so they would have had worse SGRQ scores. Unlike
SEEMUNGAL et al. [1], the authors of the present study were
able to calculate rates of change in health over time from
multiple measurements and have shown that the rate of
deterioration in health over 3 yrs was linked to the average
exacerbation rate over that time. This suggests that exacer-
bations have a cumulative effect on health.

The current study analysis cannot identify the mechanism
for this association. It could be speculated that patients may
not recover fully from an exacerbation. However, the current
study did not include detailed information on exacerbation
duration and, therefore, data to support this hypothesis is
currently unavailable. A recent study has shown that the rate
of recovery in SGRQ score appears to be normally distri-
buted, i.e. there are patients who lie at the extremes of the
recovery spectrum, although there is no clearly defined group
of "slow recoverers" [18]. However, in patients who had one
or more further episodes over the following 6 months, the
degree of recovery following the index exacerbation was much
less than in those who had no more acute events [18]. The
findings in that study suggest that health status may fail to
recover fully if exacerbations occur frequently and the current
study has shown an increased rate of deterioration in health in
patients with frequent exacerbations. Overall, the evidence
suggests that a higher exacerbation frequency may have
detrimental cumulative effects on health status. The current
authors9 findings complement recent reports that exacerba-
tions have a small but significant cumulative effect on FEV1

[19, 20]. It is not known whether this is a feature of all patients
or just those in a subgroup whose airway function fails to
recover fully following an exacerbation [21].

The ISOLDE study with fluticasone was the first long-term
study to show a reduction in exacerbations in COPD [8].
More recently, similar reductions have been reported from a
number of 1-yr studies using a variety of inhaled agents: long-
acting b-agonists (LABA), tiotropium or LABA combined
with ICS [10–12, 22]. These studies also demonstrated health
status gains using the SGRQ, which raises questions
concerning the mechanisms responsible for this improvement.
A reduction in exacerbations does not appear to account for
all of the benefits reported, as differences in health status
score between treatment groups are not always matched by
differences in the effect on exacerbations [11, 12]. Further-
more, in some studies, health status gains developed within a
few weeks of commencing treatment [12, 15]. This suggests an
effect on pulmonary function and a correlation has been
shown between improvements in FEV1 and health status due
to salmeterol therapy over a 16-week period [15]. Thus, it
appears that beneficial effects of treatment on health may be
mediated through different mechanisms, each with a different
time course.

A post-hoc statistical modelling technique was used in the
present study to test the hypothesis that reducing exacerba-
tion frequency can reduce the health decline characteristic of
COPD. The current analysis did not refute this hypothesis. A
prospective experimental test of the hypothesis would require
a study in which patients act as their own controls, and
exacerbation frequency and health status are measured before
and after the introduction of the treatment. The study would
require a crossover design, a large number of patients, and
pre- and post-treatment measurement periods of o1 yr
to ensure a sufficient number of exacerbations to test the
hypothesis. The study would also have to be double-blind to

Table 3. – Relationship between deterioration in St Georges
Respiratory Questionnaire (SGRQ) score, exacerbation
group and treatment

SGRQ score units?yr-1 p-value

Exacerbation group
None 2.0 0.0003
Infrequent 2.4
Frequent 2.9

Treatment
FP 2.3 0.1
Placebo 2.5

Exacerbation group * treatment 0.2

Data are presented as mean or p-value. FP: fluticasone proprionate.

Table 4. – Relationship between deterioration in St Georges
Respiratory Questionnaire (SGRQ) score, forced expiratory
volume in one second (FEV1) decline and treatment

FEV1 decline
mL?yr-1?1 unit

SGRQ-1

SGRQ score
mean units?yr-1

p-value

FEV1 decline rate -6.3 v0.0001
Treatment

FP 2.3 0.02
Placebo 2.7

FEV1 decline
* treatment

0.2

FP: fluticasone proprionate.
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avoid bias and, therefore, randomised with half of the patients
receiving treatment for 1 yr, which would then be withdrawn
for the next year. The technical and ethical issues involved
would mean that it would be very difficult to design and
successfully execute such a study. The modelling technique
that has been used in this study may be the only practical way
to address this question, although it can only fail to refute the
hypothesis that changing exacerbation rate can change health
status decline.

One problem affecting clinical trials is drop-out due to
worsening COPD. In ISOLDE, criteria were set for with-
drawing patients, based upon a high frequency of exacerba-
tions. Another analysis of the ISOLDE study has shown that
patients who dropped out or were withdrawn were deterior-
ating faster than those who remained in the study [23]. The
findings of the present study are, therefore, not generalisable
to this subgroup of rapidly progressive patients who have very
frequent exacerbations. However, it may have made the ana-
lysis conservative, since patients who would have provided the
greatest experimental "signal" were censored from the study
(as is the case with nearly all long-term studies in COPD).

The current authors suggest that, taken together, there is
sufficient evidence to suggest the possibility of a positive-
feedback pathway involving exacerbations that can result in
an accelerated worsening of chronic obstructive pulmonary
disease: 1) exacerbations lead to a progressive fall in forced
expiratory volume in one second [19, 20]; 2) patients with
a lower FEV1 have more frequent exacerbations [24]; 3a)
exacerbations worsen health status [18]; 3b) frequent exacer-
bations are associated with an accelerated deterioration in
health status (the present study); and 4) worse health status is
associated with an increased likelihood of exacerbations (the
present study). If this hypothesis is correct, therapies that
have a worthwhile impact upon exacerbation frequency may
modify chronic obstructive pulmonary disease progression in
terms of lung function and overall health status, irrespective
of any short-term symptomatic gains.
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