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Background: Establishing a regional/national/international registry of patients suffering
from chronic obstructive pulmonary disease (COPD) is essential for both research and
healthcare, because it enables collection of comprehensive real-life data from a large number
of individuals.
Objective: The aim of this study was to describe characteristics of COPD patients from the
Serbian patient registry, and to investigate actual differences of those characteristics among
the COPD phenotypes.
Methods: The Serbian registry of patients with COPD was established in 2018 at University
of Kragujevac, Faculty of Medical Sciences, based on an online platform. Entry in the
Registry was allowed for patients who were diagnosed with COPD according to the follow
ing criteria: symptoms of dyspnea, chronic cough or sputum production, history of risk
factors for COPD and any degree of persistent airflow limitation diagnosed at spirometry.
Results: In the Serbian COPD registry B and D GOLD group were dominant, while among
the COPD phenotypes, the most prevalent were non-exacerbators (49.4%) and then frequent
exacerbators without chronic bronchitis (29.6%). The frequent exacerbator with chronic
bronchitis phenotype was associated with low levels of bronchopulmonary function and
absolute predominance of GOLD D group. Anxiety, depression, insomnia, hypertension and
chronic heart failure were the most prevalent in the frequent exacerbator with chronic
bronchitis phenotype; patients with this phenotype were also treated more frequently than
other patients with a triple combination of the most effective inhaled anti-obstructive drugs:
long-acting muscarinic antagonists, long-acting beta 2 agonists and corticosteroids.
Conclusion: In conclusion, the data from the Serbian registry are in line with those from
other national registries, showing that frequent exacerbators with chronic bronchitis have
worse bronchopulmonary function, more severe signs and symptoms, and more comorbid
ities (especially anxiety and depression) than other phenotypes. Other studies also confirmed
worse quality of life and worse prognosis of the AE-CB phenotype, stressing importance of
both preventive and appropriate therapeutic measures against chronic bronchitis.
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True effectiveness of various types of treatments or performance of a diagnostic test
remain hidden until studies are performed in real-life settings, i.e., in large samples
that are representative of the target population.1 In this sense establishing regional/
national/international registries of patients suffering from the same disease is of
great help, because it enables collection of comprehensive real-life data from
a large number of individuals.2 Although chronic obstructive pulmonary disease
(COPD) is one of the most common chronic non-contagious diseases, and places a
substantial burden on society, its patient registries are not readily available. Some of
the COPD patient registries are part of a wider collection of patient data, as in
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Denmark, which then may lack some specific, yet impor
tant variables that characterize severity or prognosis of
COPD.3 The others are strictly national, making transfer
ability of the results to other populations questionable,
especially when there are also racial differences among
the nations.4 Registries formed for the purpose of an
epidemiological study or project are with limited duration
and size,5 and access to the raw data is usually restricted to
uninvolved researchers. There is a clear need to have
a national or regional COPD patient registry in every
country, in order to promote and enhance clinical research
of this disease, and that is why the Serbian COPD patient
registry was established.
Although there are different opinions among experts
about the number and characteristics of COPD
phenotypes,6 almost all agree about the four main pheno
types. Non-exacerbators (NON-AE) are patients with one
or no exacerbations during the last year, and frequent
exacerbators without chronic bronchitis (AE NON-CB)
are those who had two or more exacerbations per year; if
the latter patients also suffer from chronic bronchitis, they
are re-classified to frequent exacerbators with chronic
bronchitis phenotype (AE-CB). Asthma–COPD overlap
syndrome (ACOS) includes patients diagnosed with
asthma before their 40th birthday or having a positive
bronchodilator test in the last year with proofs of allergy
and/or atopy. The importance of COPD phenotypes was
recognized only recently. Knowing the phenotype of
a patient with COPD helps to predict the evolution of
his/her disease, and makes the right choice of treatment
for that patient more probable.7 There are studies and
expert opinions that insist on phenotype-guided therapy,
underlining the importance of determining the phenotype
of each patient as early in the course of the disease as
possible.8
The aim of this study was to describe characteristics of
COPD patients from the Serbian patient registry, and to
investigate actual differences of those characteristics
among the COPD phenotypes.

Methods
The Patients
The Serbian registry of patients with COPD (further: the
Registry) was established in 2016 at University of
Kragujevac, Faculty of Medical Sciences, based on an
online platform. The Registry was open for patients from
Serbia, provided that pulmonologists who treat them enter
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the data. The structure, variables and format of the
Registry were decided by a steering committee composed
of five pulmonologists. Entry in the Registry was allowed
for patients who were diagnosed with COPD according to
the following criteria: symptoms of dyspnea, chronic
cough or sputum production, history of risk factors for
COPD (particularly tobacco smoking, biomass smoke
exposure, and exposure at workplace to dust, noxious
fumes and vapors)9 and any degree of persistent airflow
limitation diagnosed at spirometry10 that is “usually pro
gressive and associated with an enhanced chronic inflam
matory response in the airways and the lung to noxious
particles or gases”.6
The patients were recruited in tertiary or secondary
care facilities, then given written information about the
Registry and their data entered to the Registry one day
later, only after signing the informed consent form.
Structure and procedures of the Registry were approved
by the Ethics Committee of University Clinical Center
Kragujevac, and by Ethics Committees of other hospitals
whose pulmonologists entered data about their patients to
the Registry. This study was conducted in accordance with
the Declaration of Helsinki.
The patients from the Registry were included in this
study if diagnosed with COPD regardless of other comor
bidities. The exclusion criteria were incomplete or irregu
lar data that were out of possible clinical or demographic
range.

The Study Variables
Values of the following variables were collected in the
Registry: signs and symptoms of the COPD, existence of
allergy, habits (smoking, drinking coffee or alcohol), the
number of moderate (an episode of antibiotic and/or sys
temic corticosteroid treatment) and severe (an episode of
antibiotic and/or systemic corticosteroid treatment + hos
pitalization) COPD exacerbations, co-morbidities includ
ing calculation of the Charlson’s score,11 forced
expiratory volume in the 1st second (FEV1) after
a bronchodilator, forced vital capacity (FVC) after
a bronchodilator, inhaled medication used currently for
more than a month, concomitant medication taken for
more than a month, the COPD Assessment Test
(CAT),12 the Modified Medical Research Council
Dyspnea Scale (mMRC),13 classification of a patient to
A-D Global Initiative for Chronic Obstructive Lung
Disease (GOLD) risk category through matching number
of exacerbations with either CAT or mMRC, or
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a combination of the two (using the worst obtained values
if the assessments were repeated), and classification of
a patient to one of the COPD phenotypes (nonexacerbators [NON-AE], frequent exacerbators without
chronic bronchitis [AE NON-CB], frequent exacerbators
with chronic bronchitis [AE-CB] and asthma–COPD
overlap syndrome [ACOS]) according to the Spanish
Guidelines for Management of Chronic Obstructive
Pulmonary Disease (GesEPOC) 2017.14,15 The NON-AE
phenotype includes patients who had a maximum of one
acute exacerbation during the last year, regardless of
severity of the exacerbation; AE NON-CB patients
experienced two or more severe or moderate exacerba
tions during the last year, and AE-CB patients should
satisfy the same criterion plus having chronic cough
every day for 3 months or more per year, for the two
last years, with production of sputum. The ACOS patients
should have a diagnosis of asthma established before the
40th birthday or a positive bronchodilator test in the
last year with proofs of allergy and/or atopy.

The Study Design
The current study was of retrospective, cross-sectional
design, including all patients entered in the Registry after
at least one visit, from July 1, 2016 to October 1, 2020.
Patients were excluded if the data followed up in this study
were incomplete or irregular. A flowchart of the study is
shown in Figure 1. The primary outcome of this study was
to calculate the prevalence of patients with certain COPD
phenotypes and GOLD group within the Serbian registry.
The secondary outcome of the study was comparison of the
COPD phenotypes in terms of relevant patient
characteristics.

Statistics
Values of continuous variables were described by a mean,
standard deviation and range, while frequencies and per
centages were used for describing categorical variables.
Normality of the data distribution within continuous vari
ables was tested by Kolmogorov–Smirnov test; if there
was normality, the groups were compared by one-way
analysis of variance, else Kruskal–Wallis non-parametric
analysis of variance was used. Categorical variables were
compared among the groups by Chi-square test, or where
the assumptions were not met, by Fisher’s exact test with
the Freeman-Halton extension. Maximum acceptable prob
ability of null hypothesis was set to 0.05. The calculations
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Figure 1 The study flowchart.

were made using SPSS, version 18 (IBM Corporation,
Armonk, NY, USA).

Results
There were 5414 patients entered in the COPD registry on
October 1, 2020; 312 entries were with irregular or with
missing data, and the remaining 5102 patients were eligi
ble for further analysis. The data were entered from 21
Serbian cities in total, but 96.7% of the patients were
entered from only 9 cities. In total 69 physicians entered
the patients in the Registry, and the average number of
entries per physician was 74.6 ± 130.9 (range 1–499). Key
demographic and clinical data are shown in Table 1.
Characteristics of the patients with COPD differ sig
nificantly according to the phenotype: non-exacerbator
(NON-AE), frequent exacerbator without chronic bronchi
tis (AE NON-CB), frequent exacerbator with chronic
bronchitis (AE-CB) and asthma-COPD overlap (ACOS).
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Table 1 Demographic and Clinical Characteristics of Patients from the Serbian COPD Registry
Characteristics

Value (Mean ± Standard Deviation, Range in
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Parentheses)
Number of the patients

5102

Age when included in the Registry (years) (mean ± SD, range)

67.1 ± 9.2 [26–97]

Age when COPD first diagnosed (years) (mean ± SD, range)

61.3 ± 9.8 [15–97]

Sex (m/f), n (%)

3225/1877 (63.2%/36.8%)

Duration of school education (years) (mean ± SD, range)

10.8 ± 2.9 [1–32]

Absolute value of postbronchodilator FEV1 (L) (mean ±SD, range)

1.44 ± 2.6 [0.6–4.1]

Relative value of postbronchodilator FEV1 (% of predicted) (mean ± SD, range)
Absolute value of postbronchodilator FVC (L) (mean ± SD, range)

52.4 ± 18.6 [21.4 −100.0]
2.6 ± 0.9 [1.0–6.9]

Relative value of postbronchodilator FEV1 (% of predicted) (mean ± SD, range)

74.5 ± 21.5 [20.0–100.0]

FEV1/FVC (%) (mean ± SD, range)

55.3 ± 11.4 [30.1–99.2]

BMI (kg/m2) (mean ± SD, range)

26.1 ± 4.9 [12.6–39.9]

Number of moderate exacerbations per year (mean ±SD, range)

1.1 ± 1.3 [0–12]

Number of severe exacerbations per year (mean ±SD, range)

0.5 ± 0.8 [0–8]

Living at urban/rural region

3324/1778 (65.2%/34.8%)

Smoking status, n (%)

●
●
●
●

Never smoking

485 (9.5%)

Passive smoking

66 (1.3%)

Ex-smoker
Current smoker

2327 (45.6%)
2224 (43.6%)

Charlson co-morbidity index, n (%)

●
●
●
●

1
2

2760 (54.1%)
1174 (23.0%)

3

653 (12.8%)

≥4

515 (10.1%)

GOLD group according to mMRC or CAT, n (%)

●
●
●
●

GOLD A

71 (1.4%)

GOLD B

2311 (45.3%)

GOLD C
GOLD D

398 (7.8%)
2327 (45.6%)

GOLD group according to mMRC, n (%)

●
●
●
●

GOLD A

128 (2.5%)

GOLD B
GOLD C

2250 (44.1%)
408 (8.0%)

GOLD D

2311 (45.3%)

(Continued)
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Table 1 (Continued).
Characteristics

Value (Mean ± Standard Deviation, Range in
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Parentheses)
GOLD group according to CAT, n (%)

●
●
●
●

GOLD A
GOLD B

352 (6.9%)
2031 (39.8%)

GOLD C

571 (11.2%)

GOLD D

2148 (42.1%)

COPD Phenotype, n (%)

●
●
●
●

NON-AE

2519 (49.4%)

AE NON-CB

1510 (29.6%)

AE-CB
ACOS

625 (12.2%)
448 (8.8%)

Abbreviations: NON-AE, non-exacerbator; AE NON-CB, frequent exacerbator without chronic bronchitis; AE-CB, frequent exacerbator with chronic bronchitis; ACOS,
asthma-COPD overlap; FEV1, forced expiratory volume in 1st second; FVC, forced vital capacity; BMI, body mass index; CAT, COPD Assessment Test; mMRC, Modified
Medical Research Council Dyspnea Scale.

In Table 2 both influence of the COPD phenotype on
severity of the disease and demographic characteristics of
each of the phenotypes are shown.
Post hoc analysis (by a series of Mann–Whitney tests)
showed that the ACOS phenotype differed significantly
from all other phenotypes in regard to the age at inclusion
to the Registry (p ≤ 0.001), while the age at the first
diagnosis of COPD was lower in ACOS phenotype when
compared with NON-AE and AE NON-CB (p ≤ 0.001),
and in AE-CB and AE NON-CB, when compared with
NON-AE (p ≤ 0.004).
According to the post hoc comparison of phenotypes in
regard to proportion of males and females (z-test compar
ison of proportions), the ACOS group has proportionally
fewer males than females when compared with the AE-CB
and the NON-AE groups (p ≤ 0.5). The AE NON-CB
phenotype was associated with a significantly lower BMI
in comparison with ACOS and NON-AE phenotypes
(p = 0.000 and p = 0.020, respectively).
The patients with AE NON-CB phenotype had more
years of education than the patients with NON-AE and
AE-CB phenotypes (p ≤ 0.031), while the patients with
AE-CB phenotype had fewer years of education than the
patients with AE NON-CB and ACOS phenotypes
(p ≤ 0.004).
In regard to the absolute and relative values of post
bronchodilator FEV1, all phenotypes differed among each
other significantly (p ≤ 0.001), except NON-AE and
ACOS between themselves (p = 0.242 and p = 0.257,
respectively). However, when the phenotypes were
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compared among themselves by post hoc tests in regard
to the absolute values of postbronchodilator FVC, the
differences were significant after all comparisons (p ≤
0.001), except when ACOS group was compared with
NON-AE (p = 0.626) and AE NON-CB (p = 0.355)
groups. Post-hoc pairwise comparisons of relative values
of postbronchodilator FVC showed a similar pattern, but
the differences were not significant only when ACOS and
NON-AE groups were compared (p = 0.999). Finally,
multiple pairwise comparisons of the FEV1/FVC ratio
among the phenotypes showed that it was significantly
higher in ACOS and NON-AE groups than in AE-CB
and AE NON-CB groups (p ≤ 0.002), while the differences
between ACOS and NON-AE, and between AE-CB and
AE NON-CB, were not significant (p = 1.000 and
p = 0.516, respectively).
Post-hoc comparisons of frequency of moderate and
severe exacerbations between the phenotypes showed
that all groups differed significantly among themselves in
values of both parameters (p ≤ 0.001 in all comparisons).
When non-smokers are included in the analysis (see
Table 2), post hoc comparison of phenotypes in regard to
proportion of smoking status categories (z-test comparison
of proportions) showed that the ACOS group differed
significantly from each of the other 3 groups (p ≤ 0.5) in
proportion of non-smokers. AE NON-CB phenotype dif
fered significantly (p ≤ 0.5) from ACOS and NON-AE in
proportion of ex-smokers, and both AE-CB and NON-AE
phenotypes had more passive smokers than AE NON-CB
(p ≤ 0.5). When non-smokers are excluded from the
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1.3 ± 0.6 [0.6 −4.1]
49.3 ± 19.9
[22.4 −100.0]
2.5 ± 0.9 [1.0 −6.9]

25.8 ± 4.9 [14.3 −39.5]
1.8 ± 1.1 [0.0 −12.0]
1.0 ± 0.9 [0.0 −8.0]

1.5 ± 0.6 [0.6 −4.1]
56.2 ± 17.7
[20.4 −100.0]
2.7 ± 0.9 [1.0 −6.7]
76.8 ± 20.6
[23.6 −100.0]
57.1 ± 10.7
[30.1 −98.0]
26.2 ± 4.9 [13.4 −39.9]
0.3 ± 0.4 [0.0 −1.0]
0.1 ± 0.3 [0.0 −1.0]
1700/819 (67.5%/
32.5%)

Absolute value of postbronchodilator FEV1 (L) (mean ± SD, range)

Relative value of postbronchodilator FEV1 (%) (mean ± SD, range)

Absolute value of postbronchodilator FVC (L) (mean ± SD, range)

Relative value pf postbronchodilator FVC (%) (mean ± SD, range)

FEV1/FVC (%) (mean ± SD, range)

BMI (kg/m2) (mean ± SD, range)

Number of moderate exacerbations (mean ± SD, range)

Number of severe exacerbations (mean ± SD, range)

Living at urban/rural region, n (%)

• passive smoking
• ex-smoker
• current smoker

45 (1,9%)
1088 (47,9%)
1139 (50,2%)

1139 (45,2%)

• current smoker

Smoking status (excluding non-smokers), n (%)

1088 (43,2%)

• ex-smoker

• never smoking
• passive smoking

247 (9,8%)
45 (1,8%)

11.2 ± 2.8 [1 −22]

10.6 ± 2.9 [1 −32]

Duration of school education (years) (mean ± SD, range)

Smoking status (including non-smokers), n (%)

939/571 (62.2%/37.8%)

1630/889 (64.7%/
35.3%)

Sex (m/f), n (%)

6 (0,4%)
750 (53,8%)
637 (45,8%)

637 (42,2%)

750 (49,7%)

116 (7,7%)
6 (0,4%)

1056/454 (69.9%/
30.1%)

52.6 ± 11.5
[30.3 −99.2]

74.8 ± 22.9
[24.0 −100.0]

61.2 ± 9.9 [15–87]

62.3 ± 9.2 [16–97]

Age when COPD first diagnosed (years) (mean ± SD, range)

67.1 ± 8.8 [33–94]

1510 (29.7%)

AE NON-CB

67.3 ± 9.1 [26–97]

2519 (49.3%)

NON-AE

Age when included in the Registry (years) (mean ± SD, range)

Number of patients (%)

Characteristics

Table 2 Characteristics of COPD Patients According to Phenotype

13 (2,3%)
296 (51,5%)
266 (46,3%)

266 (42,6%)

296 (47,4%)

50 (8,0%)
13 (2,1%)

359/266 (55.8%/
44.2%)

0.9 ± 1.1 [0.0 −8.0]

2.3 ± 1.7 [0.0 −12.0]

26.1 ± 5.0 [12.7 −39.8]

54.1 ± 12.9
[30.3 −99.0]

63.3 ± 18.0
[20.0 −120.0]

2.2 ± 0.7 [1.0 −6.9]

[22.5 −121.0]

43.6 ± 15.4

1.1 ± 0.7 [0.6 −4.1]

10.1 ± 3.0 [2 −21]

409/216 (65.5%/
34.5%)

60.0 ± 9.9 [20–84]

68.1 ± 8.9 [38–92]

625 (12.3%)

AE-CB

5 (1,4%)
190 (50,5%)
180 (48,1%)

180 (40,2%)

190 (42,3%)

73 (16,4%)
5 (1,1%)

282/166 (62.9%/
37.1%)

0.4 ± 0.8 [0.0 −6.0]

1.4 ± 1.5 [0.0 −10.0]

26.9 ± 4.8 [16.0 −39.8]

56.4 ± 10.9
[30.1 −95.0]

77.0 ± 21.5
[25.0 −100.0]

2.7 ± 1.0 [1.1 −6.9]

[20.0 −120.0]

54.4 ± 17.5

1.5 ± 0.6 [0.6 −4.1]

10.8 ± 2.8 [1 −23]

248/200 (55.3%/
44.7%)

58.3 ± 11.4 [15–87]

64.7 ± 10.7 [33–88]

448 (8.7%)

ACOS

p ≤ 0.001**

p ≤ 0.001**

p ≤ 0.001**

p ≤ 0.001#

p ≤ 0.001#

p ≤ 0.001#

p ≤ 0.001#

p ≤ 0.001#

p ≤ 0.001#

p ≤ 0.001#

p ≤ 0.001#

p ≤ 0.001#

p ≤ 0.001**

p ≤ 0.001#

p ≤ 0.001#

Value of a Statistic Test
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338 (13,4%)
236 (9.4%)

•3
•≥4
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237 (9,4%)

GOLD D

8 (0,3%)
229 (9,1%)

GOLD C
GOLD D

10 (0,4%)
227 (9,0%)

GOLD C

GOLD D

1004 (66,5%)

506 (33,5%)

0 (0,0%)
0 (0,0%)

368 (24,4%)
1142 (75,6%)

0 (0,0%)
0 (0,0%)

1144 (75,8%)

0 (0,0%)
0 (0,0%)
366 (24,2%)

187 (12,4%)
180 (11.9%)

778 (51,5%)
365 (24,2%)

612 (98,0%)

13 (2,0%)

0 (0,0%)
0 (0,0%)

9 (1,5%)
616 (98,5%)

0 (0,0%)
0 (0,0%)

621 (99,3%)

0 (0,0%)
0 (0,0%)
4 (0,7%)

75 (12,0%)
66 (10.6%)

333 (53,3%)
151 (24,1%)

235 (52,6%)

14 (3,1%)

34 (7,5%)
165 (36,8%)

5 (1,0%)
245 (54,8%)

20 (4,6%)
178 (39,7%)

246 (54,8%)

12 (2,6%)
186 (41,6%)
5 (1,0%)

52 (11,7%)
40 (8.9%)

256 (57,1%)
100 (22,4%)

p ≤ 0.001*

p ≤ 0.001*

p ≤ 0.001*

p = 0.144**

Notes: #Kruskal-Wallis; *Fisher’s exact test with the Freeman-Halton extension; **Chi-square.
Abbreviations: NON-AE, non-exacerbator; AE NON-CB, frequent exacerbator without chronic bronchitis; AE-CB, frequent exacerbator with chronic bronchitis; ACOS, asthma-COPD overlap; FEV1, forced expiratory volume in 1st
second; FVC, forced vital capacity; BMI, body mass index; CAT, COPD Assessment Test; mMRC, Modified Medical Research Council Dyspnea Scale.

333 (13,2%)
1950 (77,4%)

GOLD A
GOLD B

GOLD classification according to CAT, n (%)

113 (4,5%)
2169 (86,1%)

GOLD A
GOLD B

GOLD classification according to mMRC, n (%)

60 (2,4%)
2222 (88,2%)
0 (0,0%)

GOLD A
GOLD B
GOLD C

GOLD classification according to mMRC or CAT, n (%)

1383 (54,9%)
562 (22,3%)

•1
•2

Charlson co-morbidity index, n (%)
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analysis (see Table 2), post hoc comparison of phenotypes
in regard to proportion of smoking status categories (z-test
comparison of proportions) again showed that AE NONCB phenotype differed significantly (p ≤ 0.5) from NONAE in proportion of ex-smokers, and both AE-CB and
NON-AE phenotypes had more passive smokers than AE
NON-CB (p ≤ 0.5).
Since the majority of the registered patients with
COPD were of old age, it was expected that rate of
comorbidities will be high. Although Charlson’s comor
bidity index was not significantly different across the
COPD phenotypes (Chi-square = 40.956, df = 9; p =
0.144) (see Table 2), certain specific diseases were nonuniformly distributed. Table 3 presents phenotype-specific
rates of the most frequent comorbidities among the regis
tered patients. Table 4 shows COPD phenotype-specific
inhalation therapy prescribed to the patients from the
Serbian COPD registry.

Discussion
In the Serbian COPD registry B and D GOLD class were
dominant, while among the COPD phenotypes, the most
prevalent were non-exacerbators and then frequent exacer
bators without chronic bronchitis. The frequent exacerba
tor with chronic bronchitis phenotype was associated with
low levels of bronchopulmonary function and absolute
predominance of GOLD D class. Although total
Charlson’s score of comorbidities did not differ among
the phenotypes, anxiety, depression, insomnia, hyperten
sion and chronic heart failure were the most prevalent in
the frequent exacerbator with chronic bronchitis pheno
type; patients with this phenotype were also treated more
frequently than other patients with a triple combination of
the most effective inhaled anti-obstructive drugs: longacting muscarinic antagonists, long-acting beta 2 agonists
and corticosteroids.
While non-exacerbators are the most prevalent among
COPD patients in the majority of registries,16 there are
regional differences in the extent of this predominance,17
as well as in prevalence of frequent exacerbators with and
without chronic bronchitis. Asthma-COPD overlap pheno
type is the least prevalent in Serbian and other registries,
too.15 Rate of active smokers could be a factor that
influences distribution of COPD phenotypes, as observed
in Spain, where AE-CB phenotype was more prevalent
than AE NON-CB, and in both phenotypes frequency of
active smokers was between 50 and 60%.18 In the Serbian
registry frequency of active smokers was lower (42–45%
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per phenotype), and consequently AE-CB phenotype was
less prevalent than AE NON-CB. It is not surprising that
smoking is associated with a higher rate of AE-CB phe
notype, since it directly contributes to development of
chronic bronchitis.19,20 Organization and efficiency of
a healthcare system on a national level also may affect
prevalence of certain phenotypes; if the patients are fre
quently misdiagnosed and inadequately treated, the most
prevalent phenotype will be AE-CB, as in Russia
(37.3%).21 Whether other factors, such as air pollution or
genetic variations, contribute to geographic differences in
distribution of COPD phenotypes remains to be estab
lished in future studies.
Frequent exacerbators with chronic bronchitis have
worse bronchopulmonary function, more severe signs and
symptoms, more comorbidities (especially hypertension,
heart failure, coronary disease, anxiety and depression),
worse quality of life22 and worse prognosis (higher death
rate) than other phenotypes, as confirmed by data from the
Serbian and other registries.23 Almost all patients with
AE-CB phenotype in our Registry were in the GOLD
D group; previous studies showed that the GOLD D was
associated with 2.7 times higher risk of death than the
GOLD A group.24 It is of prime importance to prevent
development of chronic bronchitis in frequent exacerbators
through elimination of risk factors, and to treat obstruction
adequately (whether a patient has chronic bronchitis or
not), which will lead to decrease in frequency of exacer
bation. It was known already that COPD may contribute to
development of cardiovascular diseases, so our observa
tion was not accidental. Progression of COPD leads to
pulmonary hypertension, consequent right ventricular
hypertrophy, and myocardial ischemia.25 However, the
link between COPD and cardiovascular disorders is
much more complex, as recently recognized; COPD sig
nificantly increases risk of sudden cardiac death, and is
a risk factor for 12 different cardiovascular conditions.26
There is a clear need for research that will explore this
link, and create the basis for planning new therapeutic
strategies for patients with COPD and cardiovascular
disorders.
Phenotyping of patients with COPD is important not
only for determination of prognosis, but also for making
an optimal choice of therapy, since not all drugs for COPD
are effective in every phenotype. The AE NON-CB pheno
type responds best to long-acting bronchodilators (LABA),
and sometimes to inhaled corticosteroids (ICS), while the
AE-CB phenotype requires a regular combination of LABA
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Table 3 COPD Phenotype-Specific Rates of the Most Frequent Comorbidities Occurring Among Patients from the Serbian COPD
Registry
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Comorbidity

NON-AE

AE NON-CB

AE-CB

ACOS

The Test Value

Number of patients, n (%)

2519 (49.3%)

1510 (29.7%)

625 (12.3%)

448 (8.7%)

Myocardial infarction, n (%)

5.5%

5.5%

6.1%

5.6%

p = 0.955**

Congestive heart failure, n (%)

10.7%

11.7%

17.1%

13.2%

p ≤ 0.001**

Atrial fibrillation, n (%)

9.5%

8.6%

11.2%

8.3%

p = 0.238**

Coronary arteries disease, n (%)

7.7%

12.1%

15.0%

11.8%

p ≤ 0.001**

Pulmonary embolism, n (%)

0.8%

0.9%

0.6%

0.7%

p = 0.975*

Peripheral vascular disease, n (%)

8.7%

5.6%

9.4%

10.7%

p ≤ 0.001**

Cerebrovascular disease, n (%)

2.6%

3.4%

5.3%

4.0%

p = 0.007**

Hypertension, n (%)

59.8%

54.6%

75.0%

65.4%

p ≤ 0.001**

Hyperlipidemia, n (%)

9.4%

3.2%

6.4%

10.9%

p ≤ 0.001**

Dementia, n (%)

0.6%

1.4%

2.1%

1.3%

p = 0.008**

Depression, n (%)

4.4%

5.7%

14.9%

8.5%

p ≤ 0.001**

Anxiety, n (%)

3.6%

4.0%

9.6%

6.3%

p ≤ 0.001**

Insomnia, n (%)

5.2%

3.4%

14.1%

8.0%

p ≤ 0.001**

Connective tissue disease, n (%)

2.3%

1.1%

1.8%

2.9%

p = 0.018**

Peptic ulcer disease, n (%)

4.0%

2.9%

4.6%

4.9%

p = 0.106**

Gastro-esophageal reflux disease, n (%)

2.7%

1.2%

5.3%

4.2%

p ≤ 0.001**

Diabetes mellitus without complications, n (%)

10.7%

7.0%

12.8%

9.6%

p ≤ 0.001**

Diabetes mellitus with complications, n (%)

2.6%

3.4%

4.5%

3.8%

Mild to moderate liver disease, n (%)

1.0%

0.5%

0.8%

0.9%

Severe liver disease, n (%)

0.2%

0.2%

0.3%

0.2%

Hemiplegia, n (%)

0.0%

0.0%

0.3%

0.0%

p = 0.083*

Moderate or severe renal failure, n (%)

2.9%

2.1%

2.1%

2.2%

p = 0.300**

Leukemia, n (%)

0.2%

0.3%

0.0%

0.2%

p = 0.565*

Lymphoma, n (%)

0.1%

0.1%

0.5%

0.2%

p = 0.071*

Solid tumor without metastases, n (%)

8.0%

4.8%

3.0%

5.6%

p ≤ 0.001**

Metastatic solid tumor, n (%)

2.2%

0.9%

1.0%

0.2%

p ≤ 0.001*

Osteoporosis, n (%)

2.1%

2.3%

4.3%

5.1%

p ≤ 0.001**

Anemia, n (%)

4.0%

1.6%

2.1%

4.7%

p ≤ 0.001**

p = 0.816**

Notes: *Fisher’s exact test with the Freeman-Halton extension; **Chi-square.
Abbreviations: NON-AE, non-exacerbator; AE NON-CB, frequent exacerbator without chronic bronchitis; AE-CB, frequent exacerbator with chronic bronchitis; ACOS,
asthma-COPD overlap.

and ICS.27 While roflumilast is active in patients with AECB phenotype, it is not the case in patients with AE NONCB phenotype. Patients from the Serbian Registry having
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AE-CB phenotype were treated the most frequently with the
recommended combination of LABA and ICS; however,
more than two-thirds of them were also prescribed a long-
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Table 4 COPD Phenotype-Specific Inhalation and Oral Therapy Prescribed to Patients from the Serbian COPD Registry
Inhalation or Oral Therapy

NON-AE

AE NON-CB

AE-CB

ACOS

2519 (49.3%)

1510 (29.7%)

625 (12.3%)

448 (8.7%)

SAMA monotherapy, (%)

0.9%

1.8%

3.7%

1.8%

p ≤ 0.001**

SABA monotherapy, (%)

10.1%

2.4%

5.5%

7.0%

p ≤ 0.001**

SABA + SAMA, (%)

81.5%

64.7%

87.7%

84.5%

p ≤ 0.001**

LABA monotherapy, (%)

13.4%

3.4%

6.0%

7.0%

p ≤ 0.001**

LAMA + LABA, (%)

16.3%

14.2%

14.0%

14.3%

p = 0.218**

ICS monotherapy, (%)

1.9%

1.9%

2.5%

3.4%

p = 0.207**

ICS + LABA, (%)
ICS + LABA + LAMA, (%)

43.4%
30.9%

40.8%
31.9%

69.2%
57.1%

64.3%
45.0%

p ≤ 0.001**
p ≤ 0.001**

Roflumilast, (%)

0.2%

0.7%

0.8%

0.2%

p = 0.044*

Theophylline, (%)

26.8%

25.5%

56.1%

27.0%

p ≤ 0.001**
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Number of patients

Notes: *Fisher’s exact test with the Freeman-Halton extension; **Chi-square.
Abbreviations: NON-AE, non-exacerbator; AE NON-CB, frequent exacerbator without chronic bronchitis; AE-CB, frequent exacerbator with chronic bronchitis; ACOS,
asthma-COPD overlap; SAMA, short-acting muscarinic antagonists; SABA, short-acting beta agonists; LAMA, long-acting muscarinic antagonists; LABA, long-acting beta
agonists; ICS, inhalational corticosteroids.

acting muscarinic agonist (LAMA), possibly reflecting
severity of the disease (98% of patients of this phenotype
were in GOLD D group). On the other hand, there is
obvious undertreatment with roflumilast, which could be
explained by the relatively recent introduction of this drug
to the Serbian market, and the very stringent criteria for
reimbursement imposed by the Health insurance fund in
Serbia (only in patients with more than two exacerbations
per year). Since in our study the NON-AE phenotype was
accompanied by mostly less severe GOLD B group of
patients, the ACOS phenotype was divided into GOLD
B and GOLD D patients, and AE NON-CB and AE-CB
phenotypes were mostly GOLD D patients, one could
expect that monotherapy should have been prescribed
more to patients with NON-AE and ACOS phenotypes
(the GOLD guidelines advise LABA or LAMA monother
apy at least initially in GOLD B and GOLD C patients,
while only GOLD D should start with combination invol
ving ICS28). Although this was the case, the percentage of
patients with monotherapy with LABA was below 15%, and
LAMA monotherapy was not used at all. It is also apparent
from Table 4 that combinations involving ICS and triple
combinations (LAMA+LABA+ICS) were overprescribed.
In general, more potent therapy was used than absolutely
necessary according to the guidelines, raising questions of
induction of tolerance and increased risk of adverse effects.
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It is also interesting that in Serbia LAMA monotherapy for
COPD was not used at all, although according to current
GOLD guidelines it should be the first choice in GOLD
C and GOLD D with less burden of symptoms.
Inappropriate prescribing to patients with COPD is not a rare
phenomenon: a recent study by Palmiotti and associates in
Italy showed that between 40 and 50% of patients (depending
on the GOLD group) were using inappropriate inhalation
therapy, against the GOLD guidelines; however, in this study
LAMA monotherapy was used in 17.9% of all patients.28
Although methods involving external control of prescribing
to COPD patients may give certain improvements in quality of
prescribing,29 this problem will not be solved in the future if
we do not understand the motives of the prescribers for mak
ing inappropriate decisions. Unfortunately, qualitative studies
that may answer this question are rare (there are none in the
field of COPD), therefore this is an area where at least part of
future investigations of COPD should go.
The Serbian Registry has certain limitations that should be
overcome through future development. There is imbalance in
the number of patients entered in the Registry from various
cities in Serbia; more than 96% of patients were registered
from only 9 cities, while the remaining 12 cities contributed
only 4% of patients. This imbalance introduces a certain degree
of geographic bias in the Registry, making the results of this
analysis potentially non-representative. Other limitations are
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the number of patients with incomplete data (5.7%), and sig
nificant gender imbalance in favor of male patients. This could
be mitigated through regular monitoring visits of the sites
where the patients are entered to the Registry, and by imputa
tion of missing data using measures of central tendency.
Furthermore, apart from initial education for all potential par
ticipants, we did not have means to control quality of data
collection at individual centers (spirometry quality, data accu
racy, data completeness, definition of comorbidities, etc.). The
Registry should be improved in the future through training of
physicians who enter the data and by increasing the number of
collaborating physicians from the cities where recruitment of
patients was minimal up to now. However, the Serbian
Registry of COPD patients is an important element of care
for this large and sensitive patient population. It is not just
useful for research purposes, but can help with shaping national
and local treatment guidelines, as well as with evaluating
quality of care and designing corrective measures.
In conclusion, the data from the Serbian Registry are in
line with those from other national registries, showing that
frequent exacerbators with chronic bronchitis have worse
bronchopulmonary function, more severe signs and symp
toms, and more comorbidities (especially anxiety and
depression) than other phenotypes. Other studies also con
firmed worse quality of life and worse prognosis (higher
death rate) of the AE-CB phenotype, stressing importance
of both preventive and appropriate therapeutic measures
against chronic bronchitis in patients with COPD.
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