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wherein more than half of this amount (56%) is 
spent on COPD.3,4 According to data from the Eu‑
ropean Lung White Book, the total annual costs 
of COPD in the European Union countries are es‑
timated at 48.4 billion EUR: 23.3 billion EUR of 
direct healthcare costs and 25.6 billion EUR of in‑
direct costs related to lost productivity.5 Almost 

INTRODUCTION Chronic obstructive pulmonary 
disease (COPD) is associated with enormous glob‑
al health burden.1-3 It is estimated that approxi‑
mately 200 million people worldwide suffer from 
COPD.2,3 Each year, the European Union countries 
spend approximately 6% of their total health care 
budgets on the direct costs of respiratory diseases, 
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ABSTRACT

INTRODUCTION Chronic obstructive pulmonary disease (COPD) is one of the most common chronic 
noninfectious diseases. The clinical management is determined by patient assignment to the sever‑
ity stage of the disease in accordance with the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) guidelines.
OBJECTIVES Our aim was to determine the economic implications of changing GOLD guidelines (2007, 
2011, and 2017 updates) and their impact on the direct costs of pharmacological treatment of patients 
diagnosed with COPD.
PATIENTS AND METHODS This analysis was based on data provided by a group of 298 out of 500 randomly 
selected primary care physicians in Poland (response rate, 59.6%). Each primary care physician provided 
information on 10 consecutive patients with COPD. These data were used to simulate the economic 
consequences of the 2007, 2011, and 2017 GOLD guideline updates.
RESULTS Regardless of the GOLD guidelines used, pharmacotherapy of patients with a very severe form 
of COPD was most expensive. Pharmacotherapy costs would be reduced with each subsequent guideline. 
In the same group of 2597 COPD patients, the average monthly cost of the first ‑line pharmacotherapy 
as well as the overall costs of pharmacotherapy (first‑ and second ‑line) per patient would be the lowest 
when applying the therapeutic regimen in accordance with the 2017 GOLD guidelines.
CONCLUSIONS Implementation of 2011 and 2017 GOLD guidelines, as compared with the 2007 update, 
would result in a reduction of direct costs of COPD treatment.
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version of the guidelines by referring to the 2017 
prices of medicinal products.

Due to the multitude of available medicinal 
products, even within one active medicinal ingre‑
dient (molecule), 3 levels of costs for each class 
of medication were indicated: 1) minimum, de‑
termining the cost of a monthly therapy with 
the cheapest equivalent for a given active mol‑
ecule or therapeutic class from the Anatomical 
Therapeutic Chemical Class 4th level (ATC4); 2) 
average, determining the average cost of a month‑
ly therapy based on all prices of available equiv‑
alents for a given active molecule or therapeutic 
class from ATC4; and 3) maximum, determining 
the cost of a monthly therapy using the most ex‑
pensive equivalent for a given active molecule or 
therapeutic class from ATC4.

In the presented calculations, when estimating 
prices for combined therapies (eg, short ‑acting 
muscarinic antagonist + short ‑acting β2 ‑agonists), 
the price of 2 separate preparations containing 
a single substance was considered as well as com‑
bination therapies (combining 2 or more sub‑
stances in a single preparation).

Defined daily dose In all cases, the cost of phar‑
macotherapy was calculated for a monthly thera‑
py corresponding to 30 ‑day treatment according 
to the defined daily dose (DDD) with possible par‑
tial modifications to the dosage based on the ap‑
plicable Summary of Product Characteristics. Each 
packaging of the medicinal product was marked 
with the number of DDDs in the packaging in or‑
der to calculate the cost of a monthly therapy in 
the case of products containing the amount of 
substance that would be sufficient for a different 
period at DDD dosage (eg, 2 months, 3 months).

Treatment intensity The intensity of treatment 
was included during preparation of the economic 
analysis. This was based on GOLD recommenda‑
tions, severity level, and the results of the cross‑
‑sectional survey. Treatment intensity assump‑
tions are presented in TABLE 1. In brief, it was as‑
sumed that patients with mild severity according 
to the GOLD guidelines received 50% of the DDD; 
patients classified with moderate or severe dis‑
ease received 100% of the DDD; and those with 
very severe disease received 150% of the DDD, 
due to the fact that they would receive the same 
groups of drugs as patients in the severe form of 
COPD according to the 2007 GOLD guidelines, 
but with a high intensity.6

The simulations of the economic consequenc‑
es of the GOLD guideline updates were con‑
ducted in 2 ways. The first method assumed 
that all patients were treated with the first ‑line 
treatment according to the GOLD treatment 
regimens. Based on the data obtained from 
the cross ‑sectional study, we estimated that 
40% of patients will not respond to the first‑
‑line (preferred) treatment and will be required 
to include additional (second ‑line) treatment. 
The second method of analysis included using 

one ‑third of the total direct costs of COPD were 
drug costs.5 It is estimated that the costs of COPD 
pharmacotherapy can reach up to 7.1 billion EUR 
annually.5

Pharmacotherapy plans for patients with 
COPD are suggested through the internation‑
al guidelines developed by the Global Initiative 
for Chronic Obstructive Lung Disease (GOLD).6-

8 The clinical management is determined by pa‑
tient assignment to the severity stage of the dis‑
ease in accordance with GOLD guidelines. Every 
few years, major revisions are made to the GOLD 
documents, including changes in the years 2007, 
2011, and 2017.6-8

Our aim was to determine the economic impli‑
cations of changing GOLD guidelines (2007, 2011, 
and 2017 updates) and their impact on the direct 
costs of pharmacological treatment of patients 
diagnosed with COPD.

PATIENTS AND METHODS This analysis was based 
on data from a cross ‑sectional survey performed 
among 298 (of the 500 invited) randomly select‑
ed primary care physicians in Poland. Each phy‑
sician provided information on 10 consecutive 
COPD patients, as described previously.9 These 
data were used to inform a retrospective simu‑
lation analysis, in which the 3 sets of the GOLD 
guidelines (2007, 2011, and 2017) were applied 
to each patient’s data to predict COPD severity 
stage for each subject, using the 3 classification 
schemes as previously described.9 Changes in 
the assignment of a COPD patient to a specific 
category of clinical disease severity following ap‑
plication of the 2011 and 2017 GOLD guidelines 
were described in detail in a previous article9 and 
were the basis of the current analysis to predict 
costs. Recommended COPD pharmacotherapy 
regimens were determined, also based on the 3 
sets of the 2007, 2011, and 2017 guidelines.6-8

Severity definitions of chronic obstructive pulmo-
nary disease and pharmacological treatment algo-
rithms Based on the individual questionnaire–
derived data, patients were assigned to the indi‑
vidual therapeutic groups according to the 2007, 
2011, and 2017 guidelines.6-8 As criteria of correct 
COPD management, we used the sets of drugs 
recommended in each GOLD update (2007, 2011, 
and 2017) dedicated to the specific severity stage 
of COPD.6-8

Economic effects of GOLD guideline updates  
The economic analysis of the costs of COPD phar‑
macotherapy included all active medicinal ingre‑
dients (molecules) available in Poland, which were 
recommended for use in each particular stage of 
COPD management according to the 2007, 2011, 
and 2017 GOLD guidelines. The treatment costs 
(based on average retail prices) were determined 
by the Minister of Health’s announcement on 
the list of reimbursed medicines, foodstuffs for 
particular nutritional uses, and medical devices 
(March 1, 2017).10 The costs were assessed for each 
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Detailed assumptions for the economic analy‑
sis, as well as retail prices (for DDD = 100%), are 
described in Supplementary material, Table S4.

Statistical analysis Data analysis was performed 
using the procedures available in the Statistica 12 
package (TIBCO Software Inc., Palo Alto, Califor‑
nia, United States). Descriptive statistics were 
used to present the distributions of the quan‑
titative variables. The arithmetic mean, mini‑
mum, and maximum values were used to calcu‑
late the cost of drugs.

Ethics This study was carried out in accordance 
with the principles expressed in the Declaration 
of Helsinki. The data analysis involved only anon‑
ymous records provided by general practitioners, 
who abstracted patient files and prepared spe‑
cific information according to the study ques‑
tionnaires. The study team had no direct contact 
with these patients at any stage of the project. 
Individual patient data were coded in an anon‑
ymous manner to prevent the identification of 
the patient or physician by any member of the re‑
search team at any stage of the study. According 
to the Ethical Review Board at the Medical Uni‑
versity of Silesia, Poland, scientific simulation 
based on an anonymous, questionnaire ‑based 
cross ‑sectional study does not require separate 
patient consent.

RESULTS A group of 298 general practitioners 
(59.6% of invited) provided information on 2597 
patients with COPD (women, 35.3%), aged 29 
to 96 years (mean [SD] age, 61.6 [11.1] years). 
Based on the 2007 GOLD guidelines, 13.1% of 
patients were classified as having mild disease, 
while 26.7%, 56.7%, and 3.4% were classified as 
having moderate, severe, and very severe stages 
of COPD, respectively. Stages A, B, C, and D, based 
on the 2011 GOLD guidelines were reported in 
14.8%, 10.4%, 39.7%, and 35.1% of patients. Ac‑
cording to the 2017 GOLD guidelines, there were 
46.8%, 23.8%, 7.7%, and 21.6% of patients clas‑
sified as having mild, moderate, severe, and very 
severe stages of COPD, respectively.

The costs of a particular pharmacotherapy 
treatment regimen (DDD = 100%) for specific 
severity classifications based on the different edi‑
tions of the GOLD guidelines are presented in 
TABLES 2 -4.

There is a direct relationship between COPD se‑
verity stage and the cost of monthly pharmaco‑
therapy. Regardless of the GOLD guidelines used, 
the most expensive option would be the pharma‑
cotherapy of patients with a very severe form of 
COPD according to the 2007 GOLD guidelines or 
in category D according to the GOLD 2011 and 
2017 (TABLE 5).

In the group of patients with a mild form of 
COPD according to the 2007 GOLD guidelines 
or in category A according to the 2011 or 2017 
GOLD guidelines, the average monthly cost 
of the first ‑choice pharmacotherapy and total 

both first ‑line (60% of patients) and second‑
‑line (40% of patients) treatment scenarios. 
In addition, based on the frequency of use of 
theophylline obtained from the cross ‑sectional 
survey, we calculated the percentage of patients 
who would require theophylline as a second‑
‑choice treatment (TABLE 1). It was assumed that 
65% of patients with severe disease and 75% 
of those with very severe disease would re‑
ceive theophylline treatment. Economic anal‑
yses were carried out in 2 ways. The first op‑
tion assumed that all patients were treated 
with first ‑line treatment in accordance with 
the GOLD treatment regimens, while in the sec‑
ond variant of analysis, both first‑ and second‑
‑line treatments were included. The authors 
are aware that the 2017 GOLD guidelines do 
not include second ‑line treatment, which is de‑
fined as an alternative choice or other possi‑
ble treatments. However, in order to facilitate 
the message to the reader, this treatment was 
called second ‑choice treatment.

As criteria of correct COPD treatment, we 
used the sets of drugs recommended in particu‑
lar GOLD editions (2007, 2011, and 2017) dedi‑
cated to the specific severity stage of COPD and 
described in Supplementary material, Tables S1‑
‑S3.6-8 To refine our analyses, our simulation is 
limited only to 2 scenarios. The range of therapy 
costs in some drug groups, such as inhaled ste‑
roids, is very wide. This results from the cost cal‑
culation methodology, which assumes the patient 
can be treated with any available form of medi‑
cine used for inhalation treatment (eg, suspen‑
sions, nebulizer powder).

The costs of pharmacotherapy are expressed 
in EUR. Based on the average exchange rate of 
the National Bank of Poland for 2018, 1 EUR is 
4.25 PLN.11

TABLE 1 Treatment intensity assignment

Classification Treatment intensity assigned

GOLD 2007 – mild 50% DDD

GOLD 2011 – category A 50% DDD

GOLD 2017 – category A 50% DDD

GOLD 2007 – moderate 100% DDD

GOLD 2011 – category B 100% DDD

GOLD 2017 – category B 100% DDD

GOLD 2007 – severe 100% DDD
65% of patients would receive theophylline

GOLD 2011 – category C 100% DDD
65% of patients would receive theophylline

GOLD 2017 – category C 100% DDD

GOLD 2007 – very severe 150% DDD
75% of patients would receive theophylline

GOLD 2011 – category D 150% DDD
75% of patients would receive theophylline

GOLD 2017 – category D 150% DDD

Abbreviations: DDD, defined daily dose; GOLD, Global Initiative for Chronic Obstructive 
Lung Disease
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first‑ and second ‑line choice and depending on 
the COPD severity stage, are presented in TABLE 5.

In the same group of 2597 patients with COPD, 
the average monthly cost of the first ‑line pharma‑
cotherapy depending on the applied pharmaco‑
therapy regimen according to the 2007, 2011, and 
2017 GOLD guidelines would be the lowest when 
applying the therapeutic regimen in accordance 
with the 2017 GOLD guidelines, and the highest 
in the case of following recommendations accord‑
ing to the 2007 GOLD guidelines (FIGURE 1). Con‑
sidering all available therapeutic options (first‑ 
and second ‑line treatment), in the group of 2597 
patients with COPD, the lowest monthly pharma‑
cotherapy cost would be observed when imple‑
menting the 2017 GOLD guidelines, and the high‑
est, when implementing the 2011 GOLD guide‑
lines (FIGURE 2).

DISCUSSION The updates of the GOLD guide‑
lines have a  significant impact on everyday 

pharmacotherapy would be the most expensive 
based on the 2017 GOLD criteria (TABLE 5). The av‑
erage monthly cost of the first ‑choice pharma‑
cotherapy in the group of patients with moder‑
ate COPD according to the 2007 GOLD guide‑
lines or in category B according to the 2011 or 
2017 GOLD guidelines would be the lowest when 
applying the 2011 GOLD guidelines. However, 
considering all therapeutic options (first‑ and 
second ‑line pharmacotherapy), the pharmaco‑
therapy regimen according to the 2011 GOLD 
guidelines would result in the highest cost of 
pharmacotherapy.

In comparison with the 2007 GOLD guidelines, 
the application of the 2011 and 2017 GOLD guide‑
lines would reduce the costs of pharmacotherapy 
in patients with severe and very severe COPD ac‑
cording to the 2007 GOLD guidelines or in cate‑
gory C and D according to the 2011 or 2017 GOLD 
guidelines. Detailed analysis of the monthly cost 
of COPD pharmacotherapy, including drugs of 

TABLE 2 Cost of monthly pharmacotherapy per 1 patient according to the 2007 GOLD guidelines, based on the retail 
prices from the Announcement of the Minister of Health of March 1, 2017, calculated in EUR

Range of costs Monthly cost of pharmacotherapy according to GOLD 2007

First ‑line choice Second ‑line choice

I II III IV I II IIIa IVa

Average cost 6.55 29.53 67.54 67.54 – – 70.45 70.45

Minimal cost 3.52 16.12 21.44 21.44 – – 23.69 23.69

Maximal cost 21.85 55.89 219.70 219.70 – – 223.44 223.44

a Including the cost of theophylline pharmacotherapy

Abbreviations: see TABLE 1

TABLE 3 Cost of monthly pharmacotherapy per patient according to the 2011 GOLD guidelines, based on the retail prices from the Announcement of 
the Minister of Health of March 1, 2017, calculated in EUR

Range of costs Monthly cost of pharmacotherapy according to GOLD 2011

First ‑line choice                            Second ‑line choice

A B C D A B Ca Da

Option 1 Average cost 8.17 30.86 50.36 50.36 30.86 45.40 45.40 68.87

Minimal cost 3.52 25.32 17.92 17.92 25.32 37.92 37.92 30.63

Maximal cost 21.85 34.04 190.26 190.26 34.04 60.49 60.49 197.84

Option 2 Average cost 4.93 15.10 30.86 30.86 15.10 – – 75.95

Minimal cost 4.10 12.60 25.32 25.32 12.60 – – 43.23

Maximal cost 6.32 26.45 34.04 34.04 26.45 – – 224.30

Option 3 Average cost – – – – 11.86 – – 111.96

Minimal cost – – – – 7.61 – – 79.52

Maximal cost – – – – 28.17 – – 251.86

Option 4 Average cost – – – – – – – 45.40

Minimal cost – – – – – – – 37.92

Maximal cost – – – – – – – 60.49

Option 5 Average cost – – – – – – – 92.46

Minimal cost – – – – – – – 86.92

Maximal cost – – – – – – – 95.64

a In categories C and D, theophylline was considered: average cost, 2.91 (range, 2.26–3.74) EUR.

Abbreviations: see TABLE 1
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knowledge, this is the first study comparing 
the cost of pharmacotherapy of COPD patients 
according to the 2007, 2011, and 2017 GOLD 
guidelines, although a previous study compared 
current real ‑life costs to costs estimated to be in‑
curred using the 2017 GOLD guidelines.14 With 
the implementation of each subsequent update 
of the GOLD guidelines, the costs of pharmaco‑
therapy would be reduced. In the same group of 
2597 patients with COPD under the care of pri‑
mary care physicians, the average monthly cost 
of the first ‑line pharmacotherapy as well as over‑
all costs of pharmacotherapy (first‑ and second‑
‑line) per patient would be the lowest when ap‑
plying the therapeutic regimen in accordance 
with the 2017 GOLD guidelines. These changes 
may result from a change in the method of as‑
signing patients to COPD severity stages as well 
as recommendations that introduce the use of 

clinical practice. The  update from the  2007 
guidelines to 2011 and 2017 guidelines affects 
the classification of patients for particular ther‑
apeutic groups.9,12,13 As a result of the reclassi‑
fication of patients to particular therapeutic 
groups, the pharmacological regimen used in 
those patients would also change.9 The change 
in the frequency of use of individual drug groups 
affects the costs of pharmacotherapy of COPD 
patients. Our study showed that the update from 
the 2007 guidelines to 2011 and 2017 guidelines 
would significantly change the cost of drugs used 
in the treatment of COPD with the costs from 
2007 being the highest and comparable to those 
in 2011, while the costs from 2017 were signif‑
icantly lower.

Currently available data assessing the eco‑
nomic consequences of the update of the GOLD 
guidelines are very limited. To our best 

TABLE 4 Cost of monthly pharmacotherapy per 1 patient according to the 2017 GOLD guidelines, based on the retail prices from the Announcement 
of the Minister of Health of March 1, 2017, calculated in EUR

Range of costs Monthly cost of pharmacotherapy according to GOLD 2017

        First ‑line choice Second ‑line choice

A B C D A B C D

Option 1 Average cost 8.17 15.10 30.86 45.40 – – 50.36 30.86

Minimal cost 3.52 12.60 25.32 37.92 – – 17.92 25.32

Maximal cost 21.85 26.45 34.04 60.49 – – 190.26 34.04

Option 2 Average cost 4.93 30.86 45.40 75.95 – – – 50.36

Minimal cost 4.10 25.32 37.92 43.23 – – – 17.92

Maximal cost 6.32 34.04 60.49 224.30 – – – 190.26

Option 3 Average cost 15.10 45.40 – – – – – 137.55

Minimal cost 12.60 37.92 – – – – – 104.83

Maximal cost 26.45 60.49 – – – – – 285.90

Option 4 Average cost 30.86 – – – – – – –

Minimal cost 25.32 – – – – – – –

Maximal cost 34.04 – – – – – – –

Abbreviations: see TABLE 1

TABLE 5 Monthly cost of pharmacotherapy per patient, depending on chronic obstructive pulmonary disease severity stage and using the 2007, 
2011, and 2017 GOLD guidelines

COPD severity 
stage

Monthly cost of COPD pharmacotherapy

First ‑line pharmacotherapy; cost per patient; EUR 
Average cost (min –max)

First‑ and second ‑line pharmacotherapy; cost per patient; EUR  
Average cost (min –max)

GOLD 2007 GOLD 2011 GOLD 2017 GOLD 2007 GOLD 2011 GOLD 2017

Milda / Ab 3.28c  

(1.76–10.93)
3.28c  

(1.76–10.93)
7.38c  

(1.76–17.02)
3.28c  

(1.76–10.93)
5.82c  

(1.76–17.02)
7.38c  

(1.76–17.02)

Moderatea / Bb 29.53  
(16.12–55.89)

22.98  
(12.60–34.04)

30.45 
(12.60–40.33)

29.53 
(16.12–55.89)

31.95 
(12.60–60.49)

30.45 
(12.60–40.33)

Severea / Cb 67.54  
(21.44–219.70)

40.61  
(17.92–190.26)

38.13 
(25.32–60.49)

68.29 
(22.19–220.45)

43.28 
(17.92–190.26)

43.02 
(17.92–190.26)

Very severea / Db 101.31d  

(32.15–329.55)
60.92d 

(26.88–285.39)
91.01d 

(56.88–336.45)
102.62d 

(33.46–330.85)
85.22d 

(26.88–377.79)
98.36d 

(26.88–428.85)

a According to the 2007 GOLD guidelines;  b According to the 2011 or 2017 GOLD guidelines;  c 50% defined daily dose

d 150% defined daily dose

Abbreviations: COPD, chronic obstructive pulmonary disease; min–max, minimal and maximal; others, see TABLE 1
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range of financial costs within the same COPD se‑
verity stage, depending on the drug manufacturer 
and the form of drug administration. The infor‑
mation from this analysis can be used to inform 
both public and private insurance coverage. In 
addition, these data can be used to predict costs 
for a large number of treatment and disease se‑
verity categories. 

The costs of pharmacotherapy are only part of 
the total cost of COPD treatment. Direct medical 
costs resulting from the treatment of COPD, in 
particular hospitalizations due to COPD exacer‑
bations, also constitute a significant burden for 
the payer.15 However, this issue was not investi‑
gated in the current study. Moreover, the costs of 
treatment of side effects associated with medicine 
use should also be considered. In order to calcu‑
late the total costs of COPD treatment, not only 
should the costs of ambulatory intervention be 
considered but also of ambulatory intervention, 

some new drugs (phosphodiesterase ‑4 inhibi‑
tors) or limit the use of some other drugs (in‑
haled corticosteroids). The 2017 GOLD guide‑
lines recommend less intensive treatment in pa‑
tients who were assigned to category D. This re‑
duction in the intensity of treatment translates 
into pharmacotherapy costs. Similar results were 
reported by Mathioudakis et al.14 After applying 
the 2017 GOLD recommendations in primary 
care in the United Kingdom, the mean annual 
maintenance treatment cost per patient would 
be reduced from the current cost of 542 GBP to 
389 GBP.14 The lack of publications regarding 
the impact of guideline updates on the economic 
burden of COPD may suggest that the financial 
aspect of COPD management is not sufficient‑
ly discussed and that the social and economic 
burden of COPD is not thoroughly investigated.

There is a large range of therapeutic options 
(2970 combinations of drugs) as well as a wide 

FIGURE 1  Monthly 
costs of first ‑line 
pharmacotherapy of 
the same 2597 patients 
with chronic obstructive 
pulmonary disease 
treated according to 
the 2007, 2011, and 2017 
GOLD guidelines

FIGURE 2  Monthly total 
costs of (first‑ and 
second ‑line) 
pharmacotherapy of 
the same 2597 patients 
with chronic obstructive 
pulmonary disease 
treated according to 
the 2007, 2011, and 2017 
GOLD guidelines
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diagnoses as well as potential adverse effects of 
applied drugs may modify treatment regimens, 
which may also affect the costs of pharmacother‑
apy. However, our analysis was complicated al‑
ready with the basic patient characteristics that 
we included, and thus we were unable to add ad‑
ditional information into the models.

In this study we calculated the average cost 
of treatment for each severity stage of COPD, 
depending on 3 different GOLD classifications 
(2007, 2011, and 2017). These data can be used to 
estimate the costs of pharmacotherapy for other 
populations, including ambulatory and in ‑hospital 
patients with COPD. Economic analyses present‑
ed in this paper can provide a basis for health au‑
thorities, public health specialists, and the insur‑
er or public payer to estimate the economic bur‑
den of COPD.

In conclusion, updates from the 2007 to 2011 
and 2017 GOLD guidelines on COPD have a sig‑
nificant impact on the costs of pharmacological 
treatment of patients with COPD. Implementa‑
tion of the 2011 and 2017 GOLD guidelines, com‑
pared with 2007 guidelines, would result in a re‑
duction of direct costs of COPD treatment.

SUPPLEMENTARY MATERIAL 

Supplementary material is available at www.mp.pl/paim.
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