
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=icop20

COPD: Journal of Chronic Obstructive Pulmonary Disease

ISSN: 1541-2555 (Print) 1541-2563 (Online) Journal homepage: https://www.tandfonline.com/loi/icop20

Clinical and Functional Characteristics of COPD
Patients Across GOLD Classifications: Results of a
Multicenter Observational Study

Dejan Radovanovic, Marco Contoli, Fabiano Di Marco, Giovanni Sotgiu,
Girolamo Pelaia, Fulvio Braido, Angelo Guido Corsico, Claudio Micheletto,
Paola Rogliani, Nicola Scichilone, Laura Saderi, Pierachille Santus & Paolo
Solidoro

To cite this article: Dejan Radovanovic, Marco Contoli, Fabiano Di Marco, Giovanni Sotgiu,
Girolamo Pelaia, Fulvio Braido, Angelo Guido Corsico, Claudio Micheletto, Paola Rogliani, Nicola
Scichilone, Laura Saderi, Pierachille Santus & Paolo Solidoro (2019) Clinical and Functional
Characteristics of COPD Patients Across GOLD Classifications: Results of a Multicenter
Observational Study, COPD: Journal of Chronic Obstructive Pulmonary Disease, 16:3-4, 215-226,
DOI: 10.1080/15412555.2019.1659760

To link to this article:  https://doi.org/10.1080/15412555.2019.1659760

Published online: 09 Sep 2019.

Submit your article to this journal 

Article views: 128

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=icop20
https://www.tandfonline.com/loi/icop20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/15412555.2019.1659760
https://doi.org/10.1080/15412555.2019.1659760
https://www.tandfonline.com/action/authorSubmission?journalCode=icop20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=icop20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/15412555.2019.1659760
https://www.tandfonline.com/doi/mlt/10.1080/15412555.2019.1659760
http://crossmark.crossref.org/dialog/?doi=10.1080/15412555.2019.1659760&domain=pdf&date_stamp=2019-09-09
http://crossmark.crossref.org/dialog/?doi=10.1080/15412555.2019.1659760&domain=pdf&date_stamp=2019-09-09


Clinical and Functional Characteristics of COPD Patients Across GOLD
Classifications: Results of a Multicenter Observational Study

Dejan Radovanovica, Marco Contolib, Fabiano Di Marcoc, Giovanni Sotgiud, Girolamo Pelaiae, Fulvio Braidof,
Angelo Guido Corsicog, Claudio Michelettoh, Paola Roglianii,j , Nicola Scichilonek, Laura Saderid, Pierachille
Santusa, and Paolo Solidorol

aDepartment of Biomedical and Clinical Sciences (DIBIC), Universit�a Degli Studi di Milano, Division of Pulmonary Diseases, Ospedale L. Sacco,
ASST Fatebenfratelli-Sacco, Milan, Italy; bSection of Internal and Cardiorespiratory Medicine, Department of Medical Sciences, University of
Ferrara, Ferrara, Italy; cDepartment of Health Sciences, Universit�a Degli Studi di Milano, Respiratory Unit, ASST, Ospedale Papa Giovanni
XXIII, Bergamo, Italy; dClinical Epidemiology and Medical Statistics Unit, Department of Medical, Surgical and Experimental Medicine,
University of Sassari, Sassari, Italy; eDepartment of Medical and Surgical Sciences, Section of Respiratory Diseases, Magna Graecia University
of Catanzaro, Catanzaro, Italy; fRespiratory Disease and Allergy Clinic, Department of Internal Medicine, Ospedale Policlinico IRCCS San
Martino di Genova, Italy; gDivision of Respiratory Diseases, IRCCS Policlinico San Matteo Foundation, Department of Internal Medicine and
Therapeutics, University of Pavia, Pavia, Italy; hUOC Pneumologia, Azienda Ospedaliera Universitaria Integrata, Verona, Italy; iDepartment of
Experimental Medicine and Surgery, School of Respiratory Medicine, University of Rome Tor Vergata, Rome, Italy; jDepartment of
Experimental Medicine and Surgery, University of Rome Tor Vergata, Rome, Italy; kDepartment of Biomedicine and Internal and Specialistic
Medicine, University of Palermo, Palermo, Italy; lCardiovascular and Thoracic Department, SC Pneumologia U, Citt�a Della Salute e Della
Scienza (Molinette) University Hospital, Turin, Italy

ABSTRACT
Chronic obstructive pulmonary disease (COPD) is a heterogeneous disease. The severity grading
systems proposed by the Global initiative for Chronic Obstructive Lung Disease (GOLD) have
changed over time. The aim of the study was to evaluate if the different GOLD classifications can
capture the complexity of the disease by investigating the distribution of lung function and clin-
ical parameters across the GOLD classification systems. This was an observational, retrospective,
multicentre study. COPD patients were stratified according to the GOLD severity grading proposed
in the 2007, and to the ABCD assessment tool present in the 2011, and 2017 versions of the initia-
tive. Data from body plethysmography, DLCO, comorbidities, exacerbation history, pharmacological
therapy and eosinophil counts were collected. A total of 1360 patients (73.4% males) were
included in the analysis. Overall, 37% of the patients were severe-very severe according to GOLD
2007. Compared with GOLD 2011, applying the GOLD 2017 criteria, the proportion of the at risk
categories (C and D) was reduced by �23%. Impairment in inspiratory capacity, DLCO and the
prevalence of emphysema paralleled the GOLD 2007 classification only. The proportion of patients
with � 200 eosinophils/mL was higher in GOLD 2007 stages 3–4 compared with stages 1–2
(P¼ 0.008). Eosinophil levels were similar across risk classes in GOLD 2011 and 2017. Overall,
41.8% and 52.4% of the patients in the low risk groups according to GOLD 2011 and 2017 were
exposed to inhaled corticosteroids. The GOLD 2011 and 2017 classifications, despite exploring
symptoms and exacerbations, might miss other relevant patients’ clinical characteristics such as
lung function and phenotypes, which have a significant impact on outcomes and disease severity.

ARTICLE HISTORY
Received 9 April 2019
Accepted 20 August 2019

KEYWORDS
GOLD document; COPD;
airflow obstruction;
eosinophil; phenotype

Introduction

Chronic obstructive pulmonary disease (COPD) is a com-
mon, preventable and treatable disease characterized by per-
sistent respiratory symptoms and airflow obstruction. COPD
is one of the major causes of chronic morbidity and mortal-
ity worldwide and bears a major social and economic bur-
den on healthcare systems [1]. The inhalation of noxious
particles (mainly cigarette smoke) [2] causes airway narrow-
ing and loss of elastic recoil, which eventually lead to airflow
obstruction, air trapping and hyperinflation [3]. Despite this
common pathophysiological substrate, COPD is a complex

and heterogeneous disease [4] with different clinical pat-
terns, variable susceptibility to exacerbations, lung function
decline, response to treatment and mortality [5]. Currently,
the Global Obstructive Lung Disease (GOLD) document is
the most used treatment guide worldwide for COPD. The
disease classification and severity grading used in this docu-
ment have changed over time. In GOLD 2007, the level of
airflow obstruction, measured as percent predicted forced
expiratory volume in 1 s (FEV1), was the only parameter
used to classify COPD patients and, consequently, to choose
the adequate pharmacological treatment [6]. In GOLD 2011,
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a new system was proposed to assess the clinical severity of
COPD patients. The score grouped patients according to
their severity of symptoms (measured using the modified
medical research council scale, mMRC scale [7] or CAT
score [8]) and future risk of exacerbation (measured as the
severity of airflow obstruction and history of exacerbations
in the previous year) [9]. Based on these clinical domains,
four groups of patients were identified: group A (low symp-
toms and low exacerbation risk), group B (high symptoms
and low risk), group C (low symptoms and high risk) and
group D (high symptoms and high risk). The so-called
“ABCD score” was proposed not only to evaluate the sever-
ity of the disease but also to drive the choice of pharmaco-
logical regimens in these patients. From GOLD 2017
onward [10–12], the “ABCD score” has been modified. In
the latter versions of the GOLD documents, the assessment
of the severity of COPD patients is based first on the evalu-
ation of lung function impairment and second on the
“ABCD score” that considers the magnitude of symptoms
and the history of exacerbations irrespective of the severity
of airflow limitations. In these new versions of the GOLD
document, the ABCD guides the initial pharmacological
approach [10]. The “ABCD score” systems have been highly
debated. Indeed, the new GOLD ABCD classifications dem-
onstrated poor prognostic power, particularly for patient-
reported outcomes [13–17]. Moreover, the score does not
include several functional and clinical aspects of the disease
with a recognized significant impact on the short- and long-
term prognosis and outcomes, such as: lung hyperinflation
[3], impairment of peripheral airways [18], specific clinical
phenotypes (chronic bronchitis and/or emphysema, [19,20])
or biomarkers of systemic inflammation possibly linked to
disease progression and response to treatment [21–24]. The
aim of the study is to investigate if “ABCD” categorization
in GOLD 2011 and 2017, in comparison with GOLD 2007,
improved clinicians’ ability to capture the complexity of the
disease. Specifically, we aimed to investigate the distribution
of lung function parameters, clinical phenotypes, and serum
eosinophils in a cohort of COPD patients assessed according
to the GOLD 2007, GOLD 2011, and GOLD 2017 classifica-
tion criteria. Furthermore, we evaluated how the relative
composition of the disease severity groups changed with the
evolving classification of COPD.

Methods

Study design

This was a multicentre, observational, retrospective study
conducted in several academic secondary- and tertiary-care
hospitals in northern, central and southern Italy. A complete
list of the participating centres is detailed in the
Supplementary file.

Patients

Patients with an established diagnosis of COPD were retro-
spectively recruited from October 2014 to November 2016.

The inclusion criteria were: (a) age of �40 years; (b) smok-
ing history > 20 pack years [25,26], and (c) a post-broncho-
dilator forced expiratory volume in one second to slow vital
capacity ratio (FEV1/VC) < the lower limit of normal
(LLN) criteria [27,28]. In line with previous literature [29],
nonsmokers with a significant history of exposure to nox-
ious particles or pollutants that satisfied the criteria for
COPD diagnosis were also included. The exclusion criteria
were: (a) a diagnosis of interstitial lung disease or another
clinically significant respiratory disease other than COPD,
(b) a restrictive ventilatory pattern with a total lung capacity
(TLC) < LLN [28], and (c) a current diagnosis of asthma at
the time of enrolment representing the main respiratory dis-
order and for which the patient was taking asthma treat-
ments. Patients with a previous history of asthma or
asthma-like symptoms that met the criteria for a diagnosis
of COPD were not excluded from the study.

Clinical and functional variables

All eligible patients were recruited from the outpatient clin-
ics of the participating centres, and the clinical and func-
tional variables were referred to as the stable
state conditions.

The following demographic and clinical characteristics
were collected for all of the recruited patients: age, sex,
height, weight, body mass index, smoking history (pack
years), dyspnoea (assessed by the mMRC scale) [7]), number
of mild/moderate and severe COPD exacerbations in the
12months prior to study enrolment, comorbidities (assessed
by the Charlson Comorbidity Index [30]), and inhaled and
oral chronic respiratory medications.

The following function parameters were considered in
the analysis: FEV1, VC, forced vital capacity (FVC), func-
tional residual capacity (FRC), inspiratory capacity (IC),
TLC, residual volume (RV) and specific total airway resist-
ance (sRawtot). The presence of air trapping was defined as
an RV� upper limit of normal [31]. The lung function tests
were standardized and performed according to international
recommendations [28,32]. Lung diffusion capacity for car-
bon monoxide (DLCO) measured during the single breath
manoeuvre [33], the alveolar volume (VA) and the transfer
factor (KCO) were also evaluated.

If available within 3months before the index visit, the
following data were also analysed: percentage over total
blood white cells and total number/mcl of blood eosinophils,
blood gas analysis, peripheral oxygen saturation (SpO2) at
rest and distance covered during the 6-minute walk test
(6MWT) [34]. The reference values were taken from the
1993 European Community for Steel and Coal state-
ment [35].

Definition of COPD exacerbation

A mild COPD exacerbation (AECOPD) was defined as a
worsening of respiratory symptoms (cough, dyspnea, wheez-
ing, or sputum) requiring a change of inhaled therapy. A
moderate AECOPD was defined as a symptomatic
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deterioration requiring antibiotic therapy or medium to high
dose systemic corticosteroids. A severe AECOPD was an
exacerbation requiring hospitalization [36].

GOLD classifications and clinical phenotypes

The patients were stratified according to the GOLD 2007,
2011 and 2017 recommendations [2,6,9] (see the
Supplementary file for further details) using the clinical and
functional data obtained at the time of the index visit. We
evaluated and compared the functional parameters and clin-
ical data in each grading system in order to assess the
changes in each group population.

A clinical characterization of the enrolled patients was
performed according to the predominant clinical phenotype
following the multifactorial model proposed by Pistolesi
et al. [37]. Briefly, for each patient, the presence of chronic
cough, sputum, and sputum purulence, adventitious sounds
and hyper-resonance at physical examination, chest X-ray
parameters such as increased vascular markings, bronchial
wall thickening, increased lung volume and reduced lung
density, together with the FEV1/VC value were recorded.
The aforementioned parameters were used as independent
variables to calculate the clinical and radiological score. A
score > 0.56 was considered as suggestive of dominant
emphysema and � 0.56 of predominant chronic bron-
chitis [37].

A pre-specified analysis according to the peripheral
eosinophil counts was performed. As no validated thresholds
have been recommended to date [38], two different cutoffs
were used for both the absolute and relative eosinophil
counts: (a) � 200 cells/mL [39] and � 300 cells/mL [40] and
(b) � 2% [41] and � 3% [42], respectively.

Statistics

An electronic ad hoc form was prepared to collect the afore-
mentioned qualitative and quantitative variables. The
descriptive analysis included the absolute and relative (per-
centage) frequencies for the categorical variables and the
means (standard deviations, SD) and medians (interquartile
ranges, IQR) for the quantitative parametric and non-para-
metric variables, respectively. Differences between the
groups were computed using the chi-squared and Fisher’s
exact tests for the qualitative variables and the
Mann–Whitney or Kruskal–Wallis tests for the non-normal
variables. Spearman’s correlation was calculated to assess the
correlation between the variables.

Stata statistical software version 15 (StataCorp, College
Station, TX) was used to perform the statistical computa-
tions. A two-tailed, p-value < 0.05 was considered statistic-
ally significant.

Results

A total of 1360 patients were included in the study. The
demographic, clinical and functional characteristics are sum-
marized in Table 1. Overall, the study population was

characterized by moderate airflow obstruction (median
[IQR] FEV1: 62% predicted [44–77]), elevated functional
parameters reflecting air trapping (median [IQR] RV: 134%
predicted [105–170]) and mild DLCO impairment (median
[IQR]: 62% predicted [43–77]), and the proportion of
patients with air trapping was 65.3%. When considering the
entire population, inspiratory capacity (IC) was positively
correlated with FEV1 (rho: 0.51; P< 0.0001). Both FEV1

(rho: 0.40; P< 0.0001) and IC (rho: 0.33; P< 0.0001)
showed positive correlation with DLCO.

A total of 307 patients (22.6%) were on long-term oxygen
therapy because of chronic respiratory failure. The most
prevalent comorbid conditions were peripheral vascular dis-
ease (reported by 20.5% of the patients), followed by ische-
mic heart disease (20.3%) and chronic heart failure (19.9%).
Overall, 434 patients (31.9%) reported at least 2 moderate to
severe exacerbations in the year prior to the index visit. The
median (IQR) eosinophil count was 130 (100–210) cells/mL,
corresponding to a median (IQR) of 1.8% of the total leuco-
cytes (1.1–2.9%). Overall, 55.7% of the patients were treated
with inhaled corticosteroid (ICS)-containing regimens,
whereas only 4.3% were on long-acting anti-muscarinic
agents (LAMAs) alone (Table 1).

Stratification of patients according to GOLD
classifications

According to the GOLD 2007 classification [6], the patients
were stratified as follows: 189 (13.9%) were GOLD 1, 661
(48.7%) were GOLD 2, 367 (27.0%) were GOLD 3 and 141
(10.4%) were GOLD 4. When the GOLD 2011 classification
[9] was considered, the patients were grouped as follows:
214 (16.8%) in group A, 255 (20.0%) in group B, 172
(13.5%) in group C and 634 (49.7%) in group D. When the
GOLD 2017 classification [2] was considered, the patient
distribution was as follows: 285 (22.4%) patients in group A,
391 (30.7%) patients in group B, 101 (7.9%) patients in
group C and 498 (39.1%) patients in group D. The percent-
age of patients in high risk groups (C and D) was signifi-
cantly reduced by 23% in the GOLD 2017 compared with
the GOLD 2011 classification (Figure 1). In particular, group
C decreased by �41% while group D decreased by �27%.

Lung function parameters in COPD patients stratified
according to GOLD 2007, GOLD 2011 and GOLD 2017
classifications

The 2017 GOLD classification does not include the FEV1

assessment for the ABDC score. Therefore, we first eval-
uated the lung function as the FEV1% predicted in the A, B,
C and D groups stratified according to the GOLD 2017 clas-
sification. We found that the patients in group A had sig-
nificantly higher FEV1 (70% predicted, IQR: 52–86)
compared to the B (60% predicted, IQR: 44–75; P< 0.0001),
C (57% predicted. IQR: 43–77; P¼ 0.002) and D (55% pre-
dicted, IQR: 39–72; P< 0.0001) patients. No significant dif-
ferences were found between groups B, C and D, except that
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Table 1. Clinical and functional characteristics of the study population.

Characteristics

Male, n (%) 998/1,360 (73.4)
Median (IQR) age, years 73 (66-79)
Median (IQR) BMI 26.7 (23.6-29.7)
Smoking, n (%)
Non-smoker 86/1,358 (6.3)
Former smoker 944/1,358 (69.5)
Active smoker 328/1,358 (24.2)

Median (IQR) smoking history, PY 40 (27-50)
Mean (SD) mMRC, score 2.0 (1.2)
Median (IQR) eosinophils
Absolute count, cells/mL 130 (100-210)
% 1.8 (1.1-2.9)

Median (IQR) mild-moderate exacerbations in the last 12 months 1 (0-2)
Median (IQR) severe exacerbations in the last 12 months 0 (0–1)
0–1 exacerbations in the last 12 months, n (%) 908 (68.1)�
�2 exacerbations in the last 12 months, n (%) 425 (31.9)�
Inhaled therapy, n (%)
LAMA 58/1338 (4.3)
LABA 249/1338 (18.6)
LAMA/LABA 286/1338 (21.4)
LABA/ICS 162/1338 (12.1)
LABA/ICSþ LAMA 583/1338 (43.6)
O2 therapy, n (%) 306/1355 (22.6)
NIMV, n (%) 150/1354 (11.1)
Roflumilast, n (%) 7/1355 (0.5)

Comorbidities
Peripheral vascular disease, n (%) 278/1355 (20.5)
Ischemic heart disease, n (%) 275/1355 (20.3)
Chronic heart failure, n (%) 269/1355 (19.9)
Diabetes, n (%) 248/1355 (18.3)
Solid tumour, n (%) 190/1355 (14.0)
Chronic liver disease, n (%) 117/1355 (8.6)
Chronic kidney disease, n (%) 98/1354 (7.2)
Dementia, n (%) 30/1355 (2.2)
Median (IQR) Charlson Comorbidity Index 2 (1–3)

Lung function
Median (IQR) FEV1, liters 1.42 (1.00–1.90)
Median (IQR) FEV1, % predicted 62 (44–77)
Median (IQR) FVC, liters 2.57 (1.98–3.23)
Median (IQR) FVC, % predicted 87 (70–106)
Median (IQR) FEV1/VC 58 (63–88)
Median (IQR) FEV1/VC, % predicted 78 (63–88)
Obstruction reversibility, n (%) 86/358 (24.0)
Median (IQR) delta FEV1 % baseline 6 (1–11)
Median (IQR) IC, liters (n¼ 1264) 2.00 (1.51–2.53)
Median (IQR) IC, % predicted (n¼ 1264) 78 (62–94)
Median (IQR) FRC, liters (n¼ 1175) 4.08 (3.24–5.15)
Median (IQR) FRC, % predicted (n¼ 1176) 128.5 (104.0–166.0)
Median (IQR) RV, liters (n¼ 1335) 3.20 (2.45–4.09)
Median (IQR) RV, % predicted (n¼ 1336) 134 (105–170)
RV�ULN, n (%) (n¼ 1136) 742 (65.3)
Median (IQR) TLC, liters (n¼ 1337) 6.25 (5.17–7.24)
Median (IQR) TLC, % predicted (n¼ 1336) 105.0 (92.0–120.0)
Median (IQR) sRawtot, kPa s (n¼ 744) 3.6 (1.9–8.4)
Median (IQR) sRawtot, % predicted (n¼ 749) 207 (131–415)
Mean (SD) RV/TLC, (n¼ 1337) 0.5 (0.1)
Median (IQR) RV/TLC, % predicted (n¼ 852) 118.5 (106.4–141.0)
Median (IQR) DLCO, mL min�1mmHg�1 (n¼ 1284) 13.5 (9.4–18.2)
Median (IQR) DLCO, % predicted (n ¼ 1283) 62 (43–77)

Median (IQR) KCO mL min�1 mmHg�1L�1, (n¼ 1288) 3.1 (2.3–3.9)
Median (IQR) KCO, % predicted (n¼ 1288) 75 (55–93)
Mean (SD) VA, L (n¼ 1267) 4.54 (1.20)
Median (IQR) VA, % predicted (n¼ 1195) 79 (68–91)
Phenotypes, n (%)
Chronic bronchitis 157/1154 (13.6)
Emphysema 614/1154 (53.2)
Mixed 383/1154 (33.2)

�Data available for 1333 patients.
% predicted: percent predicted; DLCO: lung diffusion capacity for carbon monoxide; FEV1: forced expiratory volume in 1 s;
FEV1/VC: forced expiratory volume in 1 s to slow vital capacity ratio; FRC: functional residual capacity; FVC: forced vital
capacity; IC: inspiratory capacity; ICS: inhaled corticosteroids; IQR: interquartile range; KCO: transfer factor; LABA: long-act-
ing b-2 agonists; LAMA: long-acting muscarinic antagonists; mMRC: modified medical research council; LLN: lower limit of
normal; NIMV: noninvasive home mechanical ventilation; RV: residual volume; SD: standard deviation; SpO2: peripheral
oxygen saturation; sRAWtot: total specific airway resistance; TLC: total lung capacity; ULN: upper limit of normal; VA:
alveolar volume; VC: slow vital capacity.
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the patients in group B had higher FEV1 compared with
those in group D (P¼ 0.04) (Figure 2).

The disease severity according to the GOLD 2007 criteria
was reflected by the progressive reduction in IC from
GOLD 1 to GOLD 4 patients (GOLD 1 median [IQR]: 95%
predicted [78–110], GOLD 2: 82% predicted [67–96], GOLD
3: 66% predicted [54–81] and GOLD 4: 54.5% predicted
[44–72]; overall P< 0.0001) (Figure 3). In fact, a statistically
significant difference was found between every group of
patients according to the GOLD 2007 classification (Figure
3). When the GOLD 2011 stratification criteria were
adopted, IC was similar in groups A and B (86.5 versus 86%
predicted; P¼ 0.36) and in groups C and D (73 versus 69%
predicted; P¼ 0.11) (Figure 3). No difference was found in
the IC levels comparing the patients in groups B and C
(median IC, 78 versus 75.5% predicted; P¼ 0.34) and in

groups C and D (median IC, 75.5 versus 72% predicted;
P¼ 0.09) according to the GOLD 2017 classification
(Figure 3).

Similar results were found when the % predicted DLCO
distribution was considered in the GOLD 2007 groups
(Figure 4). When adopting the GOLD 2011 criteria, no dif-
ference in DLCO values was found between groups A and B
(median [IQR] IC % predicted, 69 [52–85] versus 65
[53–78]; P¼ 0.08) (Figure 4), while DLCO among the
GOLD 2017 classification groups did not differ when com-
paring groups B and C (60% predicted [44–76] versus 59%
predicted [44–75]; P¼ 0.43). According to the GOLD 2007
criteria, VA gradually and significantly decreased from
milder to more severe disease stages (P< 0.0001), while the
KCO showed a marked reduction starting from the patients
in the GOLD 3 group (Figure 5).

Clinical phenotype assessment

Overall, the most frequent phenotype was the emphysema-
prevalent phenotype (n¼ 614, 53.2%), followed by the mixed
phenotype (n¼ 383, 33.1%) and chronic bronchitis (n¼ 157,
13.6%). When the patients were stratified according to
GOLD 2007, the prevalence of the emphysema phenotype
progressively increased as the severity of airflow obstruction
increased (Figure 6). In the GOLD 2011 classification, the
emphysema-prevalent phenotype was less prevalent in the A
and B subgroups than in the patients at higher risk. Finally,
the phenotype distribution in the GOLD 2017 classification
was similar across the ABCD subgroups (Figure 6).

Eosinophil count distribution

The blood eosinophil count was available for 639 patients
(47%). No difference was found in the blood eosinophil lev-
els (absolute value and %) between the patients with mild-

Figure 1. Changes in the distribution of the ABCD groups from GOLD 2011 to
GOLD 2017 within the study cohort.

Figure 2. Box plot showing the distribution of the forced expiratory volume in 1 second according to the GOLD 2017 subgroups.
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moderate (GOLD 1 and 2 according to the 2007 classifica-
tion) compared to those with severe-very severe airflow
obstruction (GOLD 3 and 4 according to the 2007 classifica-
tion). However, the proportion of patients with eosinophils
�200 or �300 or �3% was significantly higher in the
patients with severe–very severe compared to those with
mild-moderate airflow obstruction (GOLD 2007). No differ-
ence was found in the blood eosinophil levels (absolute
value and %) between the patients with low (A and B) com-
pared with high risk (C and D) of exacerbation according to
GOLD 2011. Significantly higher levels of blood eosinophils
were found in the patients with low (A and B) compared to
high (C and D) risk of exacerbation according to GOLD
2017 (Table 2).

The patients with the emphysema-prevalent phenotype
showed higher levels of blood eosinophil levels compared to
those with chronic bronchitis and mixed phenotypes (Table 3).

Inhaled therapy according to phenotype and GOLD
classification

Overall, 43.6% of the entire study population was treated
with LABA/ICSþ LAMA, 21.4% with LABA/LAMA, 12.1%
with LABA/ICS, 18.6, and 4.3% with LABA or LAMA alone,
respectively. The patients with reported frequent exacerba-
tions were more frequently on triple therapy (P¼ 0.003);
51.5% of the patients with �1 exacerbation in the previous
year were on ICS-containing regimens (Table 4).

Figure 3. Box plot showing the distribution of the inspiratory capacity according to the GOLD 2007, GOLD 2011 and GOLD 2017 criteria.

Figure 4. Box plot showing the distribution of the lung diffusion capacity (DLCO) according to the GOLD 2007, GOLD 2011 and GOLD 2017 criteria.
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According to the GOLD 2007 classification, LAMA
monotherapy was the most frequently administered regimen
in the patients with mild disease, whereas for those ranked
GOLD stage � 2, the most frequently prescribed regimen
was triple combination therapy (34.5, 63.3 and 70.0% for
GOLD stages 2, 3 and 4, respectively). Therapy with LAMA/
LABA was evenly distributed among the functional classes
(Table 2).

According to GOLD 2011, LAMA monotherapy was the
most frequently prescribed therapy in group A, while the
patients in groups B, C, and D were most frequently on
LABA/ICS and LAMA (30.8, 51.8 and 55.1% respectively).
ICS-containing regimens were prescribed in 34% of the
patients in group A, 41.% in group B, 62.4% in group C and
67.3% in group D (Table 2).

According to GOLD 2017, in all of the groups, LABA/
ICSþ LAMA combinations were the most prescribed

therapeutic regimens (28.6, 41.1, 47.5 and 53.6% for groups
A, B, C and D respectively). Considering all ICS-containing
regimens, the proportion of patients on inhaled steroids was
41.8% in GOLD 2017 group A, 52.4% in group B, 60.6% in
group C and 65.5% in group D (Table 2).

No significant differences were found in the levels of
blood eosinophil counts in the patients treated with different
inhaled regimens (P¼ 0.45, data not shown).

Discussion

COPD is a heterogeneous disease. The GOLD scoring of
disease severity has changed over time from a pure FEV1-
based functional assessment to a more sophisticated
(“ABCD”) score that includes symptom assessment and
exacerbation history. In this retrospective, observational,
multicentre study, we found that: (i) the functional GOLD

Figure 5. Box plot showing the distribution of the alveolar volume (VA) and transfer coefficient (KCO) according to the GOLD 2007 staging criteria.

Figure 6. Distribution of the clinical COPD phenotypes (mixed¼ dark grey, emphysema¼ grey, and chronic bronchitis¼ light grey) according to the GOLD 2007,
GOLD 2011 and GOLD 2017 criteria.
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2007 classification better reflected the pathophysiological
abnormalities of the patients with COPD compared with the
GOLD ABCD criteria; (ii) the transition from GOLD 2011
to GOLD 2017 led to a significant shift from high risk (C
and D) to low risk categories (A and B); (iii) the ABCD cri-
teria poorly reflected the clinical heterogeneity (the presence
of chronic bronchitis and/or emphysema) of COPD; (iv) the
absolute eosinophil counts were higher in the patients with
severe disease, but the peripheral eosinophil count was not
associated with the ABCD grading system; and (v) ICS-con-
taining pharmacological regimens were the most frequently
adopted therapeutic strategies, irrespective of the dis-
ease severity.

Pathological pulmonary deterioration in COPD patients
leads to a decreased availability of operating volumes and
eventually causes dyspnoea and reduced exercise tolerance
[3]. IC is one of the most reliable indexes of hyperinflation.
IC is a powerful functional predictor of all-cause and
respiratory mortality and exacerbation-related hospital
admissions in COPD patients [43], also correlating with a
patient’s dyspnoea perception [31,44]. On the other hand,
DLCO is associated with exercise capacity [45] and its
decline over time [46]. Our data show that the 2007 func-
tional COPD classification also reflects IC and DLCO
impairment while similar levels of IC and DLCO were found
in the ABCD patient groups according to the GOLD 2011
and 2017 classifications. Moreover, VA appeared to be cor-
related with the GOLD 2007 functional groups, confirming
previous reports showing that the degree of ventilation het-
erogeneity may reflect the overall disease severity in patients
with COPD [45,47].

Chronic bronchitis and emphysema are frequent and
important clinical manifestations of the disease.
Interestingly, patients with COPD and chronic bronchitis
have an increased risk of exacerbations and respiratory mor-
tality compared to patients without chronic phlegm produc-
tion [48]. Similarly, emphysema predominance has been
associated with a rapid annual decline in FEV1 and poor

response to treatment in COPD [49]. Assessment of chronic
bronchitis and emphysema are therefore mandatory when
treating a patient with COPD. In the present study, in line
with previous reports [18], we found that the emphysema-
prevalent phenotype progressively increased as the severity
of airflow obstruction increased. The same pattern was not
found in the ABCD categories, which showed a homoge-
neous phenotype distribution across the risk classes.

In line with recent studies [15,50], we found that the
change from the GOLD 2011 to 2017 criteria was associated
with a consistent shift of the patients (23% in our cohort)
from higher (C and D) to lower (A and B) risk categories.
This modification was mainly related to the exclusion of the
airflow obstruction criteria in the assessment of the exacer-
bation risk. This redistribution to apparently milder catego-
ries flattens the between-patient functional and clinical
differences and might jeopardize the predictability of
important patient-centred outcomes, such as mortality
[13,15]. Overall, the data suggest that the GOLD 2011 and
particularly the 2017 version might miss importantTa
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functional and clinical information with a relevant impact
on the severity of disease manifestation [14]

ICS-containing regimens have been suggested for patients
with frequent exacerbations and elevated eosinophil counts.
However, different cutoffs for blood eosinophils have been
proposed as well as absolute rather than relative values. Our
data show that the functional classification can better
describe the eosinophilic pattern than the GOLD 2011 and
2017 criteria. GOLD stages 3 and 4 had a higher proportion
of patients with > 200 and > 300 eosinophils/mL. This is in
line with data from the SPIROMICS cohort [23], which
demonstrated that sputum eosinophil levels had a better cor-
relation with exacerbations and disease severity [51].
Unexpectedly, a higher eosinophil level was related to the
emphysema phenotype. This is in contrast with previous
studies [5], even if comparability can be argued based on
different study designs and emphysema diagnosis.
Interestingly, a recent in vitro and animal model study dem-
onstrated that eosinophil derived interleukin-13 promotes
alveolar macrophage matrix metalloprotease-12 production,
the latter being a predictor of emphysema [52].

Whether eosinophilic inflammation can identify specific
phenotypes of COPD in terms of clinical presentation and
response to treatment has been highly debated [23,53–55].
Similar to previous European cohorts [56,57], we showed
poor adherence to international guidelines and recommen-
dations for maintenance therapy: in fact, 76% of patients
with mild and moderate disease were on ICS-containing
regimens. Although ICS is currently recommended only in
patients with � 2 exacerbations per year and � 300 per-
ipheral eosinophils [12], almost 38 and 48% of the patients
classified in group A and B according to GOLD 2011 and
GOLD 2017, respectively, were exposed to combinations of
LABA/ICS. This finding was unexpected due to the
decrease in the high risk patients in the GOLD 2017 classi-
fication. Furthermore, it cannot be explained by ICS
administration based on a “phenotype approach” [58], as

the chronic bronchitis phenotype had a lower prevalence
in our cohort.

This study has some limitations that should be discussed.
First, the findings on treatment regimens and adherence to
guidelines should be cautiously interpreted; due to the
study’s retrospective design, the GOLD 2017 guidelines
could not be applied. Second, the number of patients with
eosinophil counts higher than 300 cells/mL was low, limiting
the reliability of the estimates based on the adopted cutoffs.
Third, although the patients’ characteristics appear compar-
able with large prospective interventional [23] and observa-
tional studies [41,50,59], the COPD population recruited in
our study was referred to secondary and tertiary academic
centres; thus, the results may lack generalizability for popu-
lations managed by general practitioners. Fourth, the clinical
phenotypes described in the present study were not based
on chest high definition computed tomography (HRCT)
findings. In fact, in the original work by Pistolesi et al. [37],
the HRCT was used only in the validation group, as a tool
to prospectively validate the model and the methods used in
the study. The validation allowed to establish the cutoff for
the classification score. The HRCT was thus not included
among the variables used in the multivariate model, which
comprised, among clinical criteria and the FEV1/VC ratio,
only chest X-ray derived parameters as independent varia-
bles (please see the methods section for a detailed list). The
adequacy of the model developed by Pistolesi et al. [37] was
further supported by data from Pellegrino and colleagues
[60], that found similar differences in DLCO and TLC in
patients with dominant chronic bronchitis and emphysema,
the former being strong correlates of anatomical emphysema
[61]. Finally, an updated version of the GOLD document
was made available in early 2019 [12]. However, we believe
that our results are still actual and important because the
ABCD distribution remained unchanged in the final version
of the GOLD document.

Conclusions

In conclusion, GOLD 2007, although classifying COPD
patients based on FEV1 only, correlated better, in compari-
son with GOLD 2011 and 2017, with important patho-
physiological parameters associated with exercise capacity,
functional decline and dyspnoea. The GOLD 2011 and 2017
classifications, despite exploring important COPD determi-
nants corresponding to symptoms and exacerbations, might
thus miss relevant clinical characteristics with a significant

Table 3. Distribution of the eosinophil counts according to the patients’ clinical phenotype.

Phenotype

Eosinophil count Chronic bronchitis Emphysema Mixed P-value

Median (IQR), cells/mL 110.0 (93.0–186.5) 140 (100–250) 130 (100–200) 0.040
Median (IQR), % 1.5 (1.0–2.0) 1.9 (1.1–3.0) 1.9 (1.1–2.9) 0.001
Eos � 200 cells/mL, n (%) 17 (21.3) 128 (41.1) 57 (31.0) 0.006
�300 cells/mL, n (%) 5 (6.2) 66 (21.4) 30 (16.3) 0.02
Eos �2%, n (%) 30 (38.5) 152 (49.8) 84 (46.7) 0.200
�3%, n (%) 10 (12.8) 86 (28.2) 43 (23.9) 0.02

Eos: eosinophils; IQR: interquartile range.

Table 4. Inhaled treatment distribution in frequent and non-frequent
exacerbations.

Exacerbations

P-valueInhaled treatment 0–1 (n¼ 908) �2 (n¼ 425)

LABA, n (%) 48 (5.3) 10 (2.3) 0.69
LAMA, n (%) 202 (22.3) 46 (10.8) 0.08
LABA/LAMA, n (%) 190 (20.9) 95 (22.4) 0.77
ICS/LABA, n (%) 109 (12.0) 52 (12.2) 0.97
LABA/ICSþ LAMA, n (%) 359 (39.5) 222 (52.2) 0.003

ICS: inhaled corticosteroids; LABA: long-acting b-2 agonists; LAMA: long-acting
muscarinic antagonists.
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impact on disease severity and short- to long-term prognosis
such as lung function and COPD phenotypes.
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