
Original article | Published 5 April 2012, doi:10.4414/smw.2012.13567

Cite this as: Swiss Med Wkly. 2012;142:w13567

Impact of adherence to GOLD guidelines on
symptom prevalence, lung function decline and
exacerbation rate in a Swiss COPD cohort

Anja Jochmanna, Andreas Scherra,b, Dirk Christian Jochmanna, David Miedingera, Salome Schafroth Töröka, Prashant N. Chhajeda, Michael
Tammb, Jörg Daniel Leuppia

a Clinic of Internal Medicine, University Hospital of Basel, Switzerland

b Clinic of Respiratory Medicine, University Hospital of Basel, Switzerland

Summary

PRINCIPLES: The Global Initiative for Chronic Obstruct-
ive Lung Disease (GOLD) guidelines aim to optimise
chronic obstructive pulmonary disease (COPD) diagnosis
and treatment.
However, little is known about the extent to which general
practitioners’ (GP) adherence to GOLD guidelines im-
proves patient outcomes.
METHODS: In this questionnaire-based study, COPD pa-
tients were screened and enrolled; exacerbation history was
recorded, and demographic, spirometric and management
data were collected for 12 months. Spirometry was per-
formed at least every 6 months according to American
Thoracic Society guidelines. Based on these data, patients
were grouped into GOLD COPD severity classifications.
Data were expressed as the difference between baseline and
month 12.
RESULTS: Among 139 GPs, 454 patients were analysed
regarding baseline and 12 month data. There was no sig-
nificant change in distribution of GOLD COPD severity
grades, lung function or guideline adherence. Chronic
cough and sputum production were significantly reduced (p
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<0.001; p <0.020), as was exacerbation rate (p = 0.041).
Factors associated with exacerbations were male sex,
asthma and cerebrovascular insult as a co-morbidity. Ex-
acerbation rate was significantly reduced in patients treated
with combination therapy (long-acting β2-agonist
(LABA)+ inhaled corticosteroids (ICS); p = 0.0178) and
long-acting anticholinergics (LAAC; p = 0.0011). Patients
treated per guidelines had no advantage in lung function,
estimation of symptom prevalence or, most importantly,
exacerbation rate.
CONCLUSIONS: While there was no improvement in ad-
herence to GOLD guidelines, disease severity was not af-
fected detrimentally, suggesting that guideline adherence
does not seem to impact symptom prevalence, exacerbation
rate or lung function decline after one year of follow up.

Key words: COPD; GOLD; management; primary care;
guideline; bronchodilators; inhaled corticosteroids;
exacerbations

Introduction

Chronic obstructive pulmonary disease (COPD) is a highly
prevalent condition characterised by airflow limitation that
is not fully reversible, and causes significant morbidity
and mortality [1]. In Switzerland prevalence of COPD was
found to be around 9% by the SAPALDIA study group
with an incidence of 1.3%/year in adults [2].
Whilst guidelines are essential for the standardisation of
disease, management and clinical practice often differs
from proposed treatment recommendations [3]. The Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines aim to give advice on how to optimise COPD
prevention, diagnosis and treatment [1].
In the case of asthma, some studies suggest that guidelines
may improve adherence to evidence-based treatment and
reduce financial burden [4, 5]. This situation may be sim-
ilar for COPD. Nevertheless, there is an ongoing debate
regarding whether treatment that conforms to guideline
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recommendations improves disease outcomes. Akinbami
et al., for example, could not identify a clear benefit for
children with asthma after adherence to authoritative
guidelines for 16 years [6].
Little is currently known regarding the extent to which
GOLD guidelines improve care and outcome in COPD
patients [7]. Therefore, we designed a 24-month
questionnaire-based study, performed in Switzerland, to as-
sess the standard of diagnosis and treatment of COPD in
primary care practice.
We previously analysed baseline data from our study, from
which we made three main observations [8]. Firstly, mis-
diagnosis of COPD was a frequent event; application of the
GOLD criteria following central lung function evaluation
revealed 22% of the study population to be “non-COPD”
sufferers. Secondly, non-pharmacological treatment is
under-prescribed in general practice with only 4% of
COPD patients receiving pulmonary rehabilitation.
Thirdly, 47% of patients received treatment that differed
from the recommendations of the GOLD guidelines.
The objective of the current analysis was to evaluate
whether there was a significant change in symptom preval-
ence, lung function decline and exacerbation rate in rela-
tion to prescription patterns of pharmacological treatments,
mostly inhaled corticosteroids (ICS) and long-acting β2-ag-
onist (LABA)/ long-acting anticholinergic (LAAC), which
adhered to GOLD recommendations in the previous 12
months. Furthermore, factors associated with exacerbation
rate, which is one of the most important reasons for im-
paired quality of life in COPD patients, were analysed.

Methods

Initially, 139 general practitioners (GPs) from a total num-
ber of 3512 GPs listed on the register provided by the Swiss
Medical Association (FMH) [9] participated in the study.
The study was approved by the ethics committee for each
canton and all patients provided written documentation of
informed consent. The trial commenced in January 2007
and extended over a period of 36 months, during which
time the diagnosis, treatment and clinical course of COPD
were analysed. Patients were seen by their GPs at
3-monthly intervals; symptoms according to the patients’
subjective estimation, co-morbidities and treatment were
recorded. Furthermore, GPs performed lung function test-
ing via spirometry at least every 6 months. The 6 month
data was not analysed separately since follow up for ex-
acerbation rate, for example, was too short. Data collected
by the GPs are summarised in table 1. Interpretation of
spirometry data was performed according to the criteria of
the GOLD committee [10].

Spirometry
Spirometry was performed as described previously [8]. Of
note, investigators used the same type of spirometer with
automated quality feedback (EasyOne™; Medizintechnik
AG, Zürich, Switzerland). GPs had been instructed by sales
representatives of the company on how to perform spiro-
metry according to the American Thoracic Society (ATS)
guidelines [11]. The following lung function data were col-
lected: forced expiratory volume in 1 second (FEV1) in

litres; FEV1 percentage of reference value, forced vital ca-
pacity (FVC) in litres; FVC percentage of reference value;
FEV1/FVC (%) (Tiffeneau index). For predicted values ref-
erence values by the SAPALDIA group (Swiss study on air
pollution and Lung Diseases in Adults) were used [2].

Assessment of severity of COPD
Severity of COPD was assessed centrally by the investig-
ators as in our baseline analysis of this study [8]. Spiro-
metry data provided by the GPs were interpreted according
to the criteria of the GOLD committee [10]. According to
the GOLD criteria, airway obstruction was defined as hav-
ing a forced expiratory volume in 1 second (FEV1)/forced
vital capacity (FVC) <70% [1]. Severity was classified as
follows:

Stage 1 (Mild): FEV1/FVC <0.70
FEV1 ≥80% predicted

Stage II (Moderate): FEV1/FVC <0.70
50% ≤ FEV1 <80% predicted

Stage III (Severe): FEV1/FVC <0.70
30% ≤ FEV1 <50% predicted

Stage IV (Very
Severe):

FEV1/FVC <0.70
FEV1 <30% predicted or FEV1 <50%
predicted plus chronic respiratory failure.

Comparison of prescribed medication with
recommendations of GOLD
The use of bronchodilators and ICS currently received by
patients with assumed COPD was compared with that re-
commended by the GOLD guidelines according to the
GOLD severity of COPD grades [12]. COPD severity
grades were assigned centrally following confirmation of
COPD through spirometry. GOLD recommends prescrip-
tion of short-acting bronchodilators for all severities of
COPD, if required. Long-acting bronchodilators should be
given to those with COPD GOLD stage II or worse, if re-
quired. Similarly, prescription of ICS (whether alone or in
combination with a long-acting bronchodilator) should be
reserved for GOLD stage III and IV, if the patient experien-
ces repeated exacerbations. Data were analysed according
to appropriate prescription of long-acting bronchodilators
and ICS recommended by the GOLD guidelines in same
way it was done in our analysis of the baseline data [8].
Non-conformity was defined as prescription of long-act-
ing bronchodilators and ICS to GOLD severity stages other
than recommended. Since prescription of ICS for co-mor-
bid asthma could confound the analysis for GOLD stages
I and II, data were also filtered considering use of ICS as
acceptable for these patients. Patients with known asthma
were therefore not counted as non-conformity to the GOLD
guidelines.

Statistical analysis
Continuous variables were expressed as means (± standard
deviation [SD]) and categorical variables were shown as
relative frequencies and percentages. Comparisons were
made using cross-tabulation for categorical data and sum-
mary statistics for metric data. To visualise categorical
variables, mosaic plots were displayed. A mosaic plot is a
graphical display that allows examination of the relation-
ship among two or more categorical variables. The mo-
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saic plot starts as a square with length one. The square
is divided first into horizontal bars whose widths are pro-
portional to the probabilities associated with the first cat-
egorical variable. Then each bar is split vertically into bars
that are proportional to the conditional probabilities of the
second categorical variable. Additional splits can be made
if wanted using a third, fourth variable [13]. To predict ex-
acerbations from potential risk factors, logistic regression
was performed for each parameter separately. Time, age
and gender were also included in each regression model.
Hence results were adjusted for these parameters. A poten-
tial interaction between TIME and these factors were also
included in these models. Non-significant interactions were
deleted from the models.
As the patients were controlled at two time points a gener-
alised mixed effect model (GLMM) approach was applied
(details are described by Ripley [14]).
Odds ratios with corresponding 95% confidence intervals
(CI) were estimated from the GLMM. In the case of an or-
dinal predictor, odds ratios were expressed increasing the
predictor unit. A p-value <0.05 was considered as signific-
ant.
This study was exploratory therefore p-values are not ad-
justed for multiple comparisons.
All analyses were done using R version 2.8.1by R Founda-
tion Bell Laboratories [15].

Results

Demographic data and lung function characteristics
A total number of 828 patients were screened by GPs.
Before the start of the study, 29 GPs subsequently with-
drew due to time constraints, which resulted in the exclu-
sion of 213 screened patients. After a baseline visit, 111
included patients dropped out due to co-morbidities and
nursing home admissions, for example. Data was missing
for 50 patients after the baseline visit. Therefore, 454 pa-
tients in total met the criteria for the per protocol popu-

lation. For these patients, spirometry and symptom sever-
ity data were collected at baseline, six months and at 12
months. Patient demographic data and lung function char-
acteristics are shown in table 2. Over 12 months, there was
no significant change in the distribution of COPD sever-
ity grades that were centrally assigned according to GOLD
classification. About half of all patients (59%) were con-
sidered to have GOLD stage II or III disease. The num-
ber of patients who did not have COPD according to spir-
ometric criteria increased from 22% to 24%. About 6%
of patients had discontinued smoking by 12 months. There
was no significant decline in lung function after 12 months
(fig. 1).

Figure 1

Trend of FEV1 over 12 months.
Comparison of average FEV1 predicted in different COPD groups at
BL and after 12 months. Abbreviations: FEV1, forced expiratory
volume in 1 second; COPD, chronic obstructive pulmonary disease;
GOLD, Global Initiative for Chronic Obstructive Lung Disease.

Table 1: Data requested.

Demographic data Surgery ID; patient ID; date of visit; patient initials; age group; gender; height; ethnic group; agricultural worker;
current smokers

Symptoms Sputum; cough; MRC dyspnoea score 1–5*

Exacerbations Increased sputum production; discoloured sputum; shortness of breath

Treatment of exacerbation in preceding 3 months Antibiotics; systemic steroids

Spirometry FVC (L); FVC (% of reference value); FEV1 (L); FEV1 (% of reference value); FEV1/FVC (% – Tiffeneau-Index)

Treatment
Non-pharmacological treatment Physical exercise (minimum twice a week); pulmonary rehabilitation

Pharmacological treatment Short-acting β2-agonists; short-acting anticholinergics; long-acting β2-agonists; long-acting anticholinergics;
inhaled steroids
Combination: long-acting β2-agonists and inhaled steroids; methylxanthines; N-acetyl-cysteine; systemic long-
term steroids

Vaccinations Influenza; pneumococcus

Co-morbidities Asthma; coronary heart disease; congestive heart failure; hypertension; peripheral arterial occlusive disease;
cerebral vascular insult; diabetes; cancer; lung cancer

Working ability Not restricted; retired; reduced (if reduced, by what percentage? Assessed by patient or GP?)

Death If a patient died, was it related to COPD?

Lost to follow-up

Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; GP, general practitioner; COPD, chronic obstructive pulmonary disease.
*The Medical Research Council defines breathlessness as follows: Grade 1: Not troubled by breathlessness except on strenuous exercise. Grade 2: Short of breath when
walking up a slight hill. Grade 3: Walks slower than contemporaries on level ground because of breathlessness. Grade 4: Stop for breath after 100 yards or after a few
minutes on level ground. Grade 5: Too breathless to leave the house or breathless when dressing [30]
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Symptom severity
The change of symptoms is illustrated in figure 2 for dys-
pnoea. Compared with baseline, symptom severity as de-
scribed by the patients at 12 months decreased. There were
fewer patients suffering from sputum production in all
COPD groups compared with baseline (p = 0.002, OR =
0.68 CI = 0.53–0.86). Chronic cough was also significantly
reduced in all patient groups according to the subjective
feeling of the patients (p <0.001, OR = 0.39, CI =
0.31–0.51). The incidence of dyspnoea, however, varied
with GOLD stage (p = 0.244). For GOLD stage I, the
percentage of patients presenting with Medical Research
Council (MRC) grade 1 dyspnoea increased whilst the per-
centage of patients with MRC grade 2 dyspnoea decreased.
The reverse was observed for GOLD stage IV, where there
was an increase in the percentage of patients with MRC
grade 4 dyspnoea and a decrease in the percentage of pa-
tients with MRC grade 2 dyspnoea.

Figure 2

Prevalence of dyspnoea, after 12 months.
Comparison of prevalence of dyspnoea at BL and after 12 months.
No significant reduction after 12 months p = 0.24420.
Abbreviations: COPD, chronic obstructive pulmonary disease;
GOLD, Global Initiative for Chronic Obstructive Lung Disease; BL,
baseline; M12, month 12.

Figure 3

Non-conformity to GOLD guidelines.
Comparison of guideline aberrant treated patients at BL and after
12 months. Abbreviations: GOLD, Global Initiative for Chronic
Obstructive Lung Disease; BL, baseline; M12, month 12.

Adherence to GOLD Guidelines
The pharmacotherapy prescribed by primary care physi-
cians was compared to the GOLD treatment guidelines.
This comparison focused primarily on the prescription of
long-acting bronchodilators and inhaled corticosteroids
(ICS). A greater discrepancy between GOLD guidelines
and prescribing practice was observed for GOLD stage I
and II disease. Only 56% of GOLD stage I patients and
36% of GOLD stage II patients received pharmacotherapy
that conformed to the treatment guidelines (fig. 3).
Guideline adherence increased for GOLD stages III and IV
compared with baseline. Of the GOLD stage III patients,
69% patients and 82% of GOLD stage IV patients received
treatment adherent to the GOLD guidelines, which repres-
ented an increase of 7–9% from baseline. Overall, there
was no statistically significant change in guideline adher-
ence compared to baseline (fig. 3).

Treatment
Whilst 24% of patients claimed to exercise regularly at
baseline, this percentage dropped to 22% at 12 months.
Similarly, 4% of patients were prescribed pulmonary re-
habilitation at study outset compared with 2% after 12
months. The prescription pattern of rescue medication did
not change significantly over time: approximately 25% of
patients used short-acting β2-agonists. The administration
of long-acting anticholinergics (LAAC) increased signific-
antly in all GOLD stages (p = 0.002); an additional 13% in
GOLD stage 1; 8% in stage II; 5% in stage III; and 7% in
stage IV inhaled LAAC. ICS prescriptions did not change
significantly (p = 0.394). In patients with GOLD stage I
disease ICS prescriptions increased by 9%, but decreased
slightly in patients of all other GOLD stages. Combination
therapy (long-acting β2-agonists [LABA] and ICS) was ad-
ministered to more than 50% of patients assigned to GOLD
stages III and IV, and to more than 30% of GOLD stage I
patients. There was no significant change in total use. At 12
months, three patients more than at the baseline (BL) vis-
it received systemic steroids as basic therapy in stable dis-
ease. Basic pharmacological treatment is shown in table 3.

Exacerbations
In the 3 months prior to the 12-month visit, 17% of patients
had experienced an exacerbation requiring pharmacologic-
al treatment. Compared with baseline, the exacerbation rate
decreased from 23% to 17% (p = 0.041, OR = 0.7 CI
0.50–0.98). Despite this reduction in exacerbation rate,
a higher percentage of patients required treatment with an-
tibiotics or systemic steroids at 12 months. The percentage
of patients hospitalised for exacerbations varied between
severity groups. Factors associated with exacerbations
were treatment with ICS, combination therapy, LABA or
systemic steroids in stable disease. Proving the correctness
of this data, cough, sputum and dyspnoea were also signi-
ficantly associated. Potential risk factors seem to be male
sex, asthma and cerebrovascular insult as a co-morbidity,
demonstrated in table 4. Exacerbations were significantly
reduced in the group of patients treated with LAAC (p =
0.0011, OR = 0.37 CI: 0.21–0.67) and combination therapy
(p = 0.018, OR = 0.39 CI: 0.39–0.71). These relationships
are displayed in fig. 4a and b.
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Discussion

This study has three main findings:
– Adherence to guidelines had no significant impact on

lung function decline, symptom prevalence or
exacerbation rate after one year of follow up

– Potential risk factors for exacerbations appear to be
male sex, asthma and cerebrovascular insult as a co-
morbidity

– Exacerbations were significantly reduced in the group
of patients treated with combination therapy and
LAAC

We sought to assess the extent that primary care physicians
adhered to GOLD treatment guidelines over the first 12

months of follow up. Guidelines serve to standardise dis-
ease management with the aim of improving patient care
[4]. The benefits of treatment for COPD are as follows: re-
duction in the number of exacerbations; delay in loss of
lung function; improvement in quality of life. Treatment al-
gorithms are tailored to GOLD stages with the aim of im-
proving outcomes in patients according to the severity of
their disease. Long-acting bronchodilators are recommen-
ded and have been shown to improve outcomes in GOLD
stage II and more severe disease, with the addition of ICS
in patients with stage III or IV disease who have repeated
COPD exacerbations [1, 16].
Evaluating the prescription patterns of pharmacological
and non-pharmacological treatments: at 12 months, the

Table 2: Demographic data.

No-COPD COPD
GOLD I

COPD
GOLD II

COPD
GOLD III

COPD
GOLD IV

Sum (%)

Subjects, n (%), BL 100 (22) 43 (9) 164 (36) 119 (26) 28 (6) 454 (100)

Subjects, n (%), M12 111 (24) 36 (8) 151 (33) 118 (26) 38 (8) 454 (100)

Male, BL 65 (65) 24 (56) 102 (62) 88 (74) 21 (75) 300 (66)

Female, BL 35 (35) 19 (44) 62 (38) 31 (26) 7 (25) 154 (34)

Age, years ± SD, BL 66 ± 13.04 66 ± 10.63 69 ± 12.18 68 ± 9.85 67 ± 12.99 67 ± 11.81

Height (cm) ± SD, BL 169 ± 9.14 167 ± 8.45 167 ± 8.10 169 ± 7.57 170 ± 10.24 168.11 ± 8.42

Current smokers, n (%), BL 36 (36) 24 (56) 68 (42) 48 (41) 11 (39) 187 (41)

Current smokers, n (%), M12 40 (36) 10 (28) 55 (37) 41 (35) 11 (30) 157 (35)

Pack-years ± SD, BL 37 ± 13.19 37 ± 10.85 40 ± 12.57 40 ± 10.14 39 ± 16.30 39.05 ± 12.07

(% of COPD group), Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; BL: baseline visit; M12:
month 12; SD: standard deviation.

Table 3: Basic pharmacological treatment.

Basic Medication No-COPD
n in % of group

COPD
GOLD I
n in % of group

COPD
GOLD II
n in % of group

COPD
GOLD III
n in % of group

COPD
GOLD IV
n in % of group

Sum
N in %

LABA, BL 16 19 18 24 25 19

LABA, M12 14 19 15 23 21 17

LAAC, BL 24 12 29 51 54 33

LAAC, M12 40 25 37 56 61 44

ICS, BL 12 2 12 21 25 14

ICS, M12 9 11 10 16 21 12

ICS+LABA, BL 50 35 52 56 68 52

ICS+LABA, M12 41 36 55 55 66 51

Syst. steroid, BL 6 2 2 10 4 5

Syst. Steroid, M12 5 6 2 8 18 6

(in % of COPD group or related to per protocol population)
Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; LABA, long-acting β-agonist; LAAC, Long-
acting anticholinergics, ICS, inhaled corticosteroids; M12, month 12, Syst. steroid: systemic steroids

Table 4: Predicting factors for exacerbations.

OR (Risk) 95% CI p-value
Sex 1.87 1.22–2.86 0.00397
Smoking 0.92 0.61–1.39 0.70292

ICS 1.82 1.14–2.91 0.01287
ICS/LABA BL 1.78 1.22–2.59 0.00284
LAAC 1.05 0.72–1.53 0.81384

LABA 2.16 1.41–3.32 0.00049
Asthma 2.09 1.24–3.51 0.00564
CVI 3.66 1.60–8.34 0.00223
Guidelines 1.00 0.66–1.52 0.99533

Heart failure 1.46 0.84–2.52 0.18141

Hypertension 1.28 0.81–2.02 0.28213

Systemic steroids 2.75 1.38–5.47 0.00414
Abbreviations: OR: Odd’s Ratio; CI: Confidence Interval; LABA, long-acting β-agonist; LAAC, Long-acting anticholinergics, ICS, inhaled corticosteroids; CVI:
cerebrovascular insult
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number of patients prescribed pulmonary rehabilitation had
halved, whilst there was no significant change in patients
performing physical exercise.
In contrast, there was an increase in the prescription of ICS
in GOLD stage I patients and a slight decrease in the oth-
er stages. Despite GOLD recommendations, approximately
one third of GOLD I and II patients received combination
therapy (ICS + LABA). The prescription of LAAC in pa-
tients of all GOLD severity stages increased.
After one year of follow up, guideline adherence had not
changed significantly:
An inappropriate treatment for their stage of disease was
found in 44% of all COPD patients after one year of follow
up compared to 47% at baseline (patients with asthma on
inhaled steroids excluded). These observations are in line
with a Swiss study from 2005 claiming over-use of in-
haled steroids in mild COPD patients and a recent study
from the United States reporting only 55% of patients with
COPD were treated according to guideline recommenda-
tions [17, 18]. The potential risks of over-prescibing ICS in
mild COPD and under-prescribing ICS, LAAC and LABA
in severe COPD patients have been discussed previously
[8].
Patients included in this study were seen at a three months
interval by their GPs who performed spirometric testing at
least every six months. There was no significant decline

Figure 4

Influence of a.) combination therapy b.) LAAC on exacerbation rate.
a.) Proportion of patients inhaling combined therapy or not at BL
visit in relation to their exacerbations compared to patients inhaling
combined therapy at M12 in relation to their exacerbations:
(Significant Increase of exacerbation free patients in the group
inhaling combined therapy: p = 0.018, OR = 0.39 CI: 0.39–0.71).
b.) Proportion of patients inhaling LAAC or not at BL visit in relation
to their exacerbations compared to patients inhaling LAAC at M12
in relation to their exacerbations: (significant Increase of
exacerbation free patients in the group inhaling LAAC: p = 0.0011,
OR = 0.37 CI: 0.21–0.67).

in FEV1 seen after one year of follow up. Patients treated
adherent to GOLD guidelines had no advantage consider-
ing loss of FEV1 after one year. The greatest decrease of
FEV1 was seen in COPD GOLD I patients who lost 100 ml
FEV1 (1% of predicted FEV1) during the first year. COPD
GOLD III patients lost 40 ml FEV1 in one year. GOLD II
and IV patients had no decline in FEV1. Our findings are
comparable to the UPLIFT trial which investigated the ef-
fect of tiotropium versus standard therapy on lung function
decline in COPD patients and found a mean decrease of 42
ml per year in the placebo group and 40ml in the tiotropi-
um group [19]. Decline in FEV1 is not as meaningful an
endpoint as exacerbation rate since the follow up of only
one year is rather short compared to the TORCH study with
four years of follow up to see a significant difference in this
relatively small number of patients.
Prevalence of sputum (p = 0.02) and cough (p <0.001)
decreased significantly in the subjective estimation of all
patients, dyspnoea varied between the different severity
stages. Exacerbation rate showed a significant decrease
over all COPD stages (p = 0.041).
After 12 months of follow up there was no significant dif-
ference in lung function decline, symptom frequency or ex-
acerbation rate between the guideline adherent and not ad-
herent patients. We did not measure quality of life per se.
However assuming that this parameter is directly depend-
ent on symptom frequency [20] there appeared to be no
difference between patients treated according to guidelines
versus patients not treated according to guidelines.
Compared with baseline, the overall exacerbation rate had
fallen significantly. Factors associated with exacerbations
were treatment with ICS, combination therapy, LABA or
systemic steroids in stable disease.
This interrelation might be due to the fact that patients suf-
fering from repeated exacerbations were treated with this
medication due to recurrent infections. Several studies have
shown a reduction in exacerbation rate and improvement of
symptoms for treatment with ICS, LABA or combination
therapy [19, 21, 22]. Despite not being the GOLD standard
for treatment of mild to moderate COPD, an epidemiolo-
gic Canadian study found that 56% of mild COPD patients
were also treated with inhaled steroids [23].
On the other hand it remains unclear whether some cases
of pneumonia were mistaken for exacerbations. Inconsist-
ent to the GOLD guidelines, 47% of GOLD I and 65% of
GOLD II patients received inhaled steroids. The TORCH
investigators reported an increased rate of pneumonia in
patients treated with fluticason or combination therapy of
salmeterol and fluticason [21]. Relating to pneumonia as an
adverse event, in the TORCH study Halpin et al. criticised
the lack of predefined diagnostic standards [24].
In order to control correctness of this factor analysis we
also correlated cough, sputum and dyspnoea with exacer-
bations confirming a significant association for each char-
acteristic. Male sex, asthma and cerebrovascular insult as
a co-morbidity were significantly associated with a higher
exacerbation rate and may be potential risk factors for de-
veloping exacerbations. This association will have to be
proven in larger studies and a longer follow up term since
one year is a rather short period in a chronic disease such
as COPD to assess its course of exacerbations. A recent
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French study compared acute exacerbations in men and
women and stated that significantly more women with ex-
acerbations reported asthma as a co-morbidity [25]. Fagan-
ello et al. only found older age and low peripheral oxygen
saturation to be risk factors for exacerbations when ana-
lysing patients staged by BODE index and GOLD recom-
mendations, and thus concluded that other not detected
variables seem to be predictors for exacerbations [26]. Pa-
tients suffering from severe co-morbidities, like a CVI,
seem to be at a higher risk for developing an exacerbation.
As no definite data on this point is available, further studies
to identify clear risk factors for exacerbations are needed.
Exacerbations were significantly reduced in patients in-
haling LAAC and combination therapy adjusted for age,
gender and FEV1. The percentage of patients suffering
from an exacerbation at BL visit in patients taking LAAC
showed a remarkable reduction of 9% after one year of fol-
low up. The effect of tiotropium (LAAC) on exacerbation
rate was studied in the UPLIFT trial. A reduction of 14%
in exacerbation rate could be seen after 4 years of tiotropi-
um vs. placebo [19] being rather close to reduction of 9%
after one year in patients treated with LAAC in our trial.
A recent US study with 7376 COPD patients came to the
same conclusion of tiotropium being superior to salmeterol
in preventing exacerbations [16].
The TORCH trial compared salmeterol plus fluticason
versus placebo, salmeterol alone and fluticason alone and
found a significant reduction of exacerbations in compar-
ison to the placebo group but also compared to the single
components [21]. This corresponds to our findings of com-
bination therapy (ICS + LABA) reducing exacerbation rate
significantly more than LABA or ICS alone.
The current study does have the following limitations: a
relatively small patient population was investigated, espe-
cially in GOLD stage I and IV patients; the short follow-
up period; and the unknown quality of spirometric data
provided by the primary care physicians. Whilst we are
aware that a larger patient population and longer study dur-
ation would have yielded higher quality data, we believe
that our trial has generated meaningful results. Neverthe-
less, it is unknown whether the 213 patients, who had to
be excluded from the study since 29 GPs resigned their
participation before the start, might have been treated less
closely to the GOLD guidelines. It can only be speculated
upon whether these GPs might have been less adherent and
that their conformity to guidelines is even worse in reality.
This also applies to the 161 drop outs whose guideline con-
formity in the course of the study cannot be assessed.
We could not verify the quality of spirometric data, nev-
ertheless, we consider the spirometric measurements to be
of a good standard, as the size of different COPD severity
groups did not change significantly. Furthermore, a study
conducted using Easy One™ spirometers in general prac-
tice in Switzerland found 60% of measurements to be of ac-
ceptable quality [27] whilst Miedinger et al. reported spir-
ometry to be superior to questionnaires for the diagnosis
of COPD in primary care [28]. The percentage of patients
misdiagnosed in this study was 24%, which is comparable
to other international studies [29].

Conclusion

Although guideline adherence did not affect COPD out-
comes, the treatment prescribed, especially LAAC and
combination therapy, improved patients’ estimation of
symptoms and exacerbation rate. Overall, the data from
this analysis suggest that adherence to GOLD guidelines
does not have a perceivable impact on symptom preval-
ence, exacerbation rate or lung function decline after one
year of follow up. Male sex, asthma and severe co-morbid-
ities as a cerebrovascular insult could be associated with a
risk for frequent exacerbations. The outcome of this ana-
lysis demonstrates an interesting trend, even if only over a
12-months period. Analysis of the 24-month data as well as
future larger studies of a longer duration will provide fur-
ther information about the effect of guideline adherence on
the clinical course of COPD.
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Figures (large format)

Figure 1

Trend of FEV1 over 12 months.
Comparison of average FEV1 predicted in different COPD groups at BL and after 12 months. Abbreviations: FEV1, forced expiratory volume in 1
second; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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Figure 2

Prevalence of dyspnoea, after 12 months.
Comparison of prevalence of dyspnoea at BL and after 12 months. No significant reduction after 12 months p = 0.24420. Abbreviations: COPD,
chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; BL, baseline; M12, month 12.

Figure 3

Non-conformity to GOLD guidelines.
Comparison of guideline aberrant treated patients at BL and after 12 months. Abbreviations: GOLD, Global Initiative for Chronic Obstructive
Lung Disease; BL, baseline; M12, month 12.
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Figure 4

Influence of a.) combination therapy b.) LAAC on exacerbation rate.
a.) Proportion of patients inhaling combined therapy or not at BL visit in relation to their exacerbations compared to patients inhaling combined
therapy at M12 in relation to their exacerbations: (Significant Increase of exacerbation free patients in the group inhaling combined therapy: p =
0.018, OR = 0.39 CI: 0.39–0.71).
b.) Proportion of patients inhaling LAAC or not at BL visit in relation to their exacerbations compared to patients inhaling LAAC at M12 in relation
to their exacerbations: (significant Increase of exacerbation free patients in the group inhaling LAAC: p = 0.0011, OR = 0.37 CI: 0.21–0.67).
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