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Background: Chronic obstructive pulmonary disease (COPD) is a complex, progressive respiratory condition characterized
by heterogeneous clinical presentations (phenotypes). The aim of this study was to assess the prevalence of the main COPD
phenotypes and match of each phenotype to the most fitting clinical and lung function profile. 
Methods: the CLIMA (Clinical Phenotypes in Actual Clinical Practice) study was an observational, cross-sectional investi-
gation involving twenty-four sites evenly distributed throughout Italy. Patients were tentatively grouped based on their his-
tory and claimed prevailing symptoms at recruitment: chronic cough (CB, suggesting chronic bronchitis); dyspnoea (possible
emphysema components, E); recurrent wheezing (presuming asthma components, A). Variables collected were: anagraphics;
smoking habit; history of asthma; claim of >1 exacerbations in the previous year; blood eosinophil count; total blood IgE and
alpha1 anti-trypsin (α1-AT) levels; complete lung function, and the chest X-ray report. mMRC, CAT, BCS, EQ5d-5L were
also used. The association between variables and phenotypes were checked by Chi-square test and multinomial logistic
regression. 
Results: The CB phenotype was prevalent (48.3%), followed by the E and the A phenotypes (38.8% and 12.8%, respective-
ly). When dyspnoea was the prevailing symptom, the probability of belonging to the COPD-E phenotype was 3.40 times
higher. Recurrent wheezing was mostly related to the COPD-A phenotype. Lung function proved more preserved in the
COPD-CB phenotype. Smoke; n. exacerbations/year; VR, and BODE index were positively correlated with the COPD-E
phenotype, while SpO2, FEV1/FVC, FEV1/VC, and FEV1 reversibility were negatively correlated. Lower DLco values were
highly probative for the COPD-E phenotype (p<0.001). Conversely, smoke, wheezing, plasma eosinophils, FEV1 reversibil-
ity, and DLco were positively correlated with the COPD-A phenotype. The probability of belonging to the COPD-A pheno-
type raised by 2.71 times for any increase of one unit in % plasma eosinophils (p<0.001). Also multiparametrical scores con-
tributed to discriminate the three phenotypes.
Conclusion: The recognition of the main phenotypes of COPD can be effectively pursued by means of a few clinical and
instrumental parameters, easy to obtain also in current daily practice. The phenotypical approach is crucial in the manage-
ment of COPD as it allows to individualize the therapeutic strategy and to obtain more effective clinical outcomes. 

Key words: COPD; COPD phenotypes; clinical pictures; chronic bronchitis; emphysema, bronchial asthma, airway
disease.
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Introduction 
Chronic obstructive pulmonary disease (COPD) is known since

long ago as a pathological condition characterized by significant
progression and by a huge epidemiological and socio-economic
impact worldwide [1-3], Italy included [4]. 

The exact identification of COPD is not usually pursued in real
world clinical practice. Actually, the main crucial aspect which
mostly affects the clinical recognition and the appropriate
management of COPD is the heterogeneity of pathogenetic
mechanisms underlying the current airflow limitation, in many cases
variably mixed [5-7]. Currently, at least three main groups of
pathogenetic determinants underlie to COPD, ranging from those
that predominantly characterize chronic bronchitis to those variably
related to emphysema, or those mimicking bronchial asthma:
unfortunately, they usually are all included in the same
comprehensive term “COPD” [8-15]. 

Such a pathogenetic heterogeneity entails different clinical
presentations of COPD that further contribute to increase the
diagnostic uncertainty [16-18]. In the literature, the consolidated
definition used for these various presentations of COPD is “clinical
phenotypes of COPD” [19-21], even if their exact definition is still
not consensual [22-24].    

To our best knowledge, the effective prevalence of main
phenotypes of COPD had never been investigated in Italy by
dedicated studies conducted in real-life on representative samples
of patients. The aim of the present study was to assess the
prevalence of the main phenotypes of COPD in Italy, and to
correlate each phenotype to the most fitting clinical and lung
function profile. 

Methods 
The CLIMA (Clinical Phenotypes in Actual Clinical Practice)

study was an observational, cross-sectional investigation. The study
involved twenty-four pneumological sites evenly distributed
throughout Italy. The study consisted of a single visit at the referring
site. During the visit, the anagraphics, the clinical history, some
biological data, and lung function were collected as per normal
clinical practice. 

Inclusion criteria were: i) COPD patients of both genders, aged
≥40 years, with airway flow limitation (post-bronchodilator FEV1/
FVC ratio < 0.7) in stable clinical condition; ii) subjects who
provided their informed consent. Exclusion criteria were: i) patients
who did not meet the inclusion criteria; ii) patients who refused their
informed consent; iii) subjects with severe cognitive and/or physical
limitations that could interfere with the protocol procedures or make
impossible any collection of anamnestic data or instrumental
procedures.

Stemming from very simple clinical criteria currently used in
daily practice, three clusters of patients with chronic airway
obstruction were tentatively identified, independently of any
comorbidity: 
a. patients with chronic productive chronic cough as their

prevailing symptom, such as a condition suggesting Chronic
Bronchitis as the predominant disorder (COPD-CB phenotype); 

b. patients with dyspnoea as their prevailing symptom, in the
absence of any history of bronchial asthma: a condition that
might suggest the existence of some emphysema components
in COPD (COPD-E phenotype); 

c. patients with recurrent wheezing as their prevailing symptom:
a condition that might suggest the presence of some asthma
components in COPD (COPD-A phenotype).

As the study was designed per normal clinical practice and the
CT was not available in the great majority of patients, the
concomitant presence of bronchiectasis was not considered as a
phenotype to investigate in the present study. 

Variables to collect were: age; gender, BMI; smoking habit;
history of asthma and/or allergy; claim of >1 exacerbations in the
previous 12 months; degree of dyspnoea; recurrence of wheezing;
blood eosinophil count >3% and ≥ cells/µL; total blood IgE and
alpha1 anti-trypsin (α1-AT) levels <100mg/dl. Lung function data to
collect were:   FEV1, FVC, and VC % predicted;  FEV1/FVC and
FEV1/VC ratio; RV % predicted; % short-term  FEV1 reversibility
from baseline (FEV1 increase ≥12% and 200 ml 30’ after salbutamol
400mcg); DLco % predicted; SpO2, and BODE Index. The
description of the chest x-ray was also recorded, paying attention
to the clear mention of “emphysema” in the radiological report.
When already available, biological, radiological and lung function
data should not be older than 6 months prior to the visit.

The following questionnaires were also administered to patients:
- the Modified Questionnaire of British Medical Research

Council (mMRC), in order to associate the degree of dyspnea
with the level of physical exercise;

- the COPD Assessment Test (CAT): aimed to assess the impact
of COPD on patients’ quality of life;

- the Borg Category Scale (BCS ): to assess symptoms of
breathlessness;

-  the Quality-of-Life Questionnaire (EQ5D-5L): for assessing the
generic health status.
Finally, even if no pharmacological treatment or therapeutic

strategy were under investigation, patients’ respiratory drugs
currently assumed were also recorded by pharmacological class.

The primary endpoint was to assess the prevalence of these
phenotypes within the Italian COPD population, while the second
endpoint was to characterize the multiparametrical picture of each
phenotype: both data were still missing in Italy. The preliminary
assignment of patients to one of the three phenotypes mentioned
above occurred during the single visit at recruitment by reproducing
the procedures currently used in everyday clinical practice for
defining COPD, such as coupling anamnestic, clinical and
instrumental data already available or obtainable during the day of
recruitment.

Statistics
Calculations were carried out on a single population by Full

Analysis Set (FAS) that includes all subjects enrolled and who
comply with the inclusion and exclusion criteria. Patients who did
not fully satisfy entry criteria and/or did not comply with the
protocol were excluded from the per-protocol analyses. 

The sample size needed for the evaluation of the primary
endpoint and able to guarantee the robustness of the emerged
estimates was calculated = 384 patients. The frequency of
“phenotypes” was assessed with an accuracy of ±5% around the
central value and a 95% confidence interval. Given the substantial
uncertainty of the frequency of COPD phenotypes still existing in
the Italian COPD population, a value of 50% was assumed in order
to avoid any underestimation. The reference formula for the sample
size calculation was:

n = [Np (1-p)] / [(d2 / Z21-α / 2 * (N-1) + p * (1-p)]

Moreover, in order to evaluate the possible identifying variables
of each phenotype, at least 10 events (namely, subjects belonging
to the least frequent phenotype) were needed for each variable (EPV
= 10). 

Considering a number of independent variables equal to at least
14, the class with lower frequency must be composed of at least 140
subjects. Assuming that the less frequent phenotype represents 10-
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15% of the population with COPD, at least 1,000 patients should
be enrolled. Continuous variables were expressed as mean and
standard deviation (SD), while categorical variables were calculated
as absolute number (n) and percentage (%). ANOVA model or
Kruskal-Wallis test were used to compare quantitative variables,
while Chi-square test was applied to compare categorical variables.
Laboratory data, n. COPD exacerbation, concomitant medications,
lung function parameters, and imaging were also analysed and
reported in the tables.

As concerning the primary endpoint, the percentage prevalence
and the relative Clopper-Pearson confidence interval at 95% was
calculated for each phenotype.

Differences in quantitative variables among the three
phenotypes were assessed by the analysis of variance (ANOVA), or
by nonparametric Kruskal Wallis test. The Wilcoxon test was used
for post-hoc comparisons, while the Bonferroni correction for
multiple comparisons.

The association between the phenotypes and the categorical
variables were evaluated by the Chi square test. The multinomial
logistic regression was used for identifying the variables associated
with each phenotype. In the multivariable analysis, the Stepwise
selection method was applied considering all variables with a p≤0.1
in the univariable analysis.  

Moreover, the Chi square test was applied to evaluate any
difference in MMRC score among the three phenotypes.
Relationships between CAT test, EQ5D-5L dimensions and BCS
with each phenotype were evaluated by ANOVA, or by the
nonparametric Kruskal Wallis test, while the Wilcoxon test was used
for post-hoc comparisons, and the Bonferroni correction for
multiple comparisons.

For all statistical calculations the software SAS 9.4. was used.
A p<0.05 was considered statistically significant.

Data quality assurance 
Before the study start, all investigators had been carefully

trained during a preliminary investigators’ meeting dedicated to the
study procedures, and a detailed, specific written manual was
delivered to all investigators in order to standardize the terminology.
The quality of data was further ensured through the monitoring
visits at each site by expert, professional monitors, and by the strict
follow up via frequent phone calls. 

Ethics
The study was conducted according to the Good Clinical

Practices (GCP), including the archiving of essential documents. In
accordance with the Ethical Committee’s provisions (study approval

on June 15th, 2017), the aim of the study was preliminarily clarified
to each eligible patient before recruitment, and the patient was then
requested to sign his/her informed consent, also for the possible
anonymous use of their own data for research purposes. 

Results 
A total of 1,012 COPD patients were recruited, and 1,006 of

them were valuable. Mean age was 71.5 years ± 8.8 SD (min-max:
41-92 years), while the corresponding mean BMI was 27.42 ± 5.63
(min-max: 23.6-31.0). Males were 77.0%. Never smokers were
9.1%, while active smokers were 21.2%. COPD severity by GOLD
class in the whole sample was: class 1 = 135/1006; class 2=
414/1006; class 3 = 331/1006, and class 4 = 126/1006: the
corresponding % distribution is reported in Figure 1. The COPD-
CB phenotype was the most prevalent (48.3%, n= 486/1006; 95%
CI= 45%-51%), followed by the COPD-E phenotype (38.8%,
n=391/1012; 95% CI=63%-42%), and the COPD-A phenotype
(12.8%, n=129/1012; 95% CI=11%-15%) (Table 1). A fourth
phenotype associated to a mix of non-specific prevailing signs was
not included in the present study due to its extremely low prevalence
(<0.2%) (Figure 2). The demographics by phenotype are reported
in Table 1: patients belonging to the COPD-A phenotype were
slightly younger than those belonging to the other two phenotypes,
while no significant differences emerged by gender, height, weight
and BMI. The distribution of all independent variables recorded by
phenotypes is reported in Table 2. From a general point of view, to
note that more than one out of five patients of the whole sample still
are current smokers. Moreover, even if around 10% of never
smokers were in the COPD-CB, current smokers and ex-smokers
were mostly represented in the COPD-CB and COPD-E
phenotypes. Only six patients were reported to be in LTOT or NIV,
all of them belonging to the COPD-E phenotype. Dyspnoea as the
prevalent respiratory symptom was most frequently reported in
patients of the COPD-E phenotype. Conversely, recurrent wheezing
was the respiratory sign mostly claimed by patients in the COPD-A
phenotype. Furthermore, the frequency of patients claiming >1
exacerbations in the previous 12 months was higher in the COPD-
E phenotype.

In terms of biological variables, both the % blood eosinophil
count (data available in 39.4% of the sample) and the plasma total
IgE levels (data available in the 26.8% of the sample) had much
higher values in the COPD-A phenotype when compared to the
other two phenotypes, while α1-AT levels ≤100 mg/dl were more
frequently found in patients belonging to the COPD-E phenotype. 

Figure 1. Distribution (%) of COPD severity by GOLD class
(n=1006). Figure 2. Frequency distribution of phenotypes. 
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From a general point of view, lung function was more preserved
in the COPD-CB phenotype. In particular, the  FEV1/VC ratio
seemed more sensitive than the corresponding  FEV1/FVC ratio in
grading the severity of current airflow limitation. Moreover, values
of RV % predicted (data available in the 67.7% of the sample) were
higher and those of DLco % predicted (data available in 54.5% of
the sample) were significantly lower in the COPD-E phenotype. The
extent of short-term FEV1 reversibility had the highest mean value
in the COPD-A phenotype, while the lowest mean value was found
in the COPD-E phenotype. SpO2 was not clearly different within
the three phenotypes, except for the COPD-E phenotype. 

The explicit mention of emphysema in the chest x-ray reports
appeared slightly more frequent in patients of the COPD-E
phenotype, even if this difference was not discriminant from that of
the other two phenotypes (Table 3). Finally, the distribution of the
BODE score indicated that patients of the COPD-CB phenotype
were characterized by lower scores more frequently, while higher
scores were more frequently observed in the other two phenotypes.

In order to investigate which variables might characterize each
phenotype specifically, the COPD-CB phenotype was used as

reference. This implies that each result should be interpreted as the
probability for a patient with that result of belonging to one of the
other two phenotypes, such as the COPD-E or the COPD-A
phenotype. All results are reported in Table 3, together with the
corresponding level of statistical significancy. As all subjects were
COPD patients, cough was not significantly discriminant.
Conversely, dyspnoea proved a strong discriminant variable: when
dyspnoea was the prevailing symptom claimed, patients had a 3.40
times higher probability to belong to the COPD-E phenotype rather
than to the COPD-CB or to the COPD-A phenotype (95% CI=1.89-
6.10; p<0.001). The role of plasma eosinophils also was highly
discriminant. In particular, the probability of belonging to the
COPD-A phenotype increased by 2.71 times for any increase of one
unit in % plasma eosinophils (95% CI=2.14 - 3.43; p<0.001). When
compared to the COPD-CB phenotype, smoke; n.
exacerbations/year; VR% predicted, and BODE index proved
positively correlated with the COPD-E phenotype, while DLco %
predicted, SpO2, FEV1/VC and FEV1/FVC ratio, and short-term
FEV1% reversibility proved negatively correlated. To note that
FEV1/VC ratio tended to magnify the extent of airflow limitation

Table 1. Demographics by phenotype.

                         Summary statistics             COPD-CB (n=486)              COPD-E (n=391)               COPD-A (n=129)                        p

Male                                           %                                                   74.5%                                              80.3%                                             76.7%                                       0.125*
Age                                      Mean ±SD                                       72.1 ± 8.6                                       71.1 ± 8.9                                       70.0 ± 9.0                                   0.033**
                                         Median (IQR)                                  73.0 (68-78)                                   72.0 (65-78)                                  71.0 (63-77)                                        
                                              Min-max                                             41-92                                               42-91                                               46-86                                              
                                              Min-max                                         38.0-140.0                                       38.0-120.0                                      38.0-160.0                                          
BMI                                     Mean ±SD                                     27.60 ± 5.14                                   27.00 ± 5.58                                  27.96 ± 7.28                                0.155***
                                         Median (IQR)                              27.20 (24.0-30.9)                          26.60 (23.1-30.7)                          26.80 (23.4-31.8)                                    
                                              Min-max                                         16.0 - 47.9                                        15.6-44.4                                        14.0-62.5                                           

*Chi square; **non parametric Kruskal Wallis; ***ANOVA test.

Table 2. Description of independent variables in the whole sample and by phenotype.

                                                                        Summary statistics           COPD-CB (n=486)        COPD-E (n=391)        COPD-A (n=129)

Never smoking                                                                                      %                                                 11.4                                           6.6                                           7.8
Current smoker                                                                                    %                                                21.3)                                         22.3                                         17.2
Ex-smoker                                                                                             %                                                 67.3                                         71.1                                         75.0
>1 exacerbations in the last 12 months                                         %                                                 35.4                                         44.0                                         33.6
Dyspnea                                                                                                  %                                                  87.9                                         96.1                                        86.7
Wheezing                                                                                                %                                                 25.5                                          23.7                                         28.9
% Blood eosinophils                                                                    Mean ±SD                                     1.6 ± 1.4                                  1.8 ± 1.5                                 4.5 ± 2.4
Plasma total IgE                                                                           Mean ±SD                                 265.6 ± 484.7                         118.5 ± 232.1                       609.4 ± 1842.9
α1-AT level ≤100 mg/dl                                                                       %                                                  2.4                                            4.5                                           1.4 
FEV1% predicted                                                                          Mean ±SD                                   73.2 ± 20.8                               45.6±19.4                               55.0±23.2
FEV1/VC, %                                                                                     Mean ±SD                                   57.9 ± 20.7                              44.6 ± 19.4                             54.6 ± 19.9
FEV1/FVC, %                                                                                   Mean ±SD                                   62.5 ± 18.1                              55.2 ± 33.1                             60.3 ± 17.1
RV, % predicted                                                                            Mean ±SD                                  132.8 ± 51.3                           163.3 ± 61.9                          145.6 ± 65.2
FEV1, % reversibility                                                                    Mean ±SD                                   14.5 ± 14.9                              11.1 ± 10.7                            23.5 ± 18.2 
DLco % predicted                                                                        Mean ±SD                                   66.9 ± 28.4                              45.7 ± 20.6                             72.0 ± 13.4
Chest X-ray mentioning emphysema                                               %                                                 25.4                                          31.2                                        24.2 
SpO2,%                                                                                            Mean ±SD                                    94.9 ± 4.9                                93.4 ± 5.5                               94.7 ± 2.0
BODE index (score)                                                                                                                                                                                                                                     
0 -2                                                                                                       %                                                                                                   62.9                                        28.4 27.8
3-4                                                                                                        %                                                                                                   26.8                                        34.3 30.9 
5-6                                                                                                        %                                                                                                    6.4                                         23.5 25.8 
7-10                                                                                                       %                                                                                                    3.9                                         13.8 15.5 

MRM_02 original.qxp_Hrev_master  15/09/21  17:40  Pagina 119



Multidisciplinary Respiratory Medicine 2021; 16:790 - R.W. Dal Negro et al.

when compared to usual FEV1/FVC, and was more sensitive from
this point of view (Table 3). On the other hand, smoke; BODE
index; wheezing; % plasma eosinophils, short-term FEV1%
reversibility, and DLco % predicted proved positively correlated
with the COPD-A phenotype (Table 3). Finally, the sole mention of
“emphysema” in the chest x-ray report did not show any significant
relationship with the COPD-E phenotype (Table 3). 

The relationships with both total plasma IgE and with alpha-1

anti-trypsin (α1-AT level) plasma levels ≤100 mg/dl were not
assessed exactly due to their limited number of recordings.
However, data obtained in a limited proportion of patients (20% of
the whole sample) who provided these data completely tend to
support the positive relationship between IgE plasma levels and the
COPD-A phenotype, and the higher prevalence of α1-AT levels
<100 mg/dl in the COPD-E phenotype. The scores of all the
Questionnaires used for checking patients’ dyspnoea degree, Quality

Table 3. The multinomial logistic regression model (n=983). Variables significantly related vs COPD-CB are in bold.

Parameters                                     Phenotypes*                 OR (95% CI)                            Overall p                                        p

History of smoke                                                                                                                                                                   0.1                                                            
Current smoker vs never                                  COPD-E                            1.8 (1.0-3.2)                                                                                                       0.035
                                                                                 COPD-A                                1.2 (0.5-2.7)                                                                                                           0.697
Ex-smoker vs never                                           COPD-E                      1.8 (1.1-3.0)                                                                              0.018
                                                                                 COPD-A                                1.6 (0.8-3.3)                                                                                                         0.182
>1 exacerbations/last 1 yr                                                                                                                                               0.017

Yes vs no                                             COPD-E                      1.4 (1.1-1.9)                                                                                                      0.01
                                                                                 COPD-A                               0.9 (0.6-1.4)                                                                                                        0.711
Dyspnea                                                                                                                                                                              <0.001                                                      

Yes vs no                                             COPD-E                      3.4 (1.9-6.1)                                                                             <0.001
                                                                                 COPD-A                               0.9 (0.5-1.6)                                                                                                         0.72
Cough                                                                                                                                                                                     0.694                                                         

Yes vs no                                             COPD-E                                        1.0                                                                                                                 0.403
                                                                                 COPD-A                              0.98 (0.6-1.5)                                                                                                       0.922
Wheezing                                                                                                                                                                             0.043                                                        

Yes vs no                                             COPD-E                                0.9 (0.7-1.2)                                                                                                         0.537
                                                                               COPD-A                            0.5 (0.3-0.8)                                                                                                      0.012
Chest x-ray mentioning emphysema                                                                       
                                                                                                                                                                                               0.397                                                         

Yes vs no                                             COPD-E                                1.3 (0.9-2.1)                                                                                                         0.199
                                                                                 COPD-A                               1.0 (0.6-1.8)                                                                                                        0.875
FEV1/VC %                                                                                                                                                                          <0.001                                                      
                                                                               COPD-E                     0.97 (0.9-1.0)                                                                            <0.001
                                                                               COPD-A                             0.99 (0.9-1.00)                                                                                                      0.122
FEV1/FVC %                                                                                                                                                                        <0.001                                                      
                                                                               COPD-E                     0.98 (0.9-1.0)                                                                                                  <0.001
                                                                                 COPD-A                             0.99 (0.9-1.00)                                                                                                      0.189
RV % predicted                                                                                                                                                                 <0.001                                                       
                                                                               COPD-E                     1.0 (1.0-1.01)                                                                                                    <0.001
                                                                                 COPD-A                               1.0 (1.0-0.1)                                                                                                        0.071
% FEV1 reversibility                                                                                                                                                                                                                         0.009
                                                                                COPD-E                               1.0 (1.00-1.3)                                                                                                        0.015
                                                                                 COPD-A                               1.0 (0.9-1.0)                                                                                                        0.304
DLco % predicted                                                                                            1                                         0.008                                            
                                                              COPD-E                    1.0 (1.00-1.02)                                                                            0.044
                                                              COPD-A                    1.0 (0.9-1.00)                                                                            0.059
SpO2                                                                                                                  1.0                                        0.07                                             
                                                              COPD-E                              1.0                                                                                      0.024
BODE index                                                                                                                                                                         <0.001                                                       

3-4 vs 0-2                                             COPD-E                    2.83 (1.8- 4.5)                                                                             <0.001
                                                              COPD-A                    2.61 (1.4- 4.8)                                                                             <0.002

5-6 vs 0-2                                COPD-E                    8.21 (4.1-16.3)                                                                            <0.001
                                                              COPD-A                    9.19 (4.2-20.2)                                                                            <0.001

6-10 vs 0-2                               COPD-E                     7.78 (3.3-8.1)                                                                             <0.001
                                                              COPD-A                   8.96 (3.4-23.2)                                                                            <0.001
% Blood eosinophils                                                                                                                                                         <0.001                                                       
                                                                                COPD-E                                1.1 (0.9-1.3)                                                                                                          0.28
                                                                               COPD-A                     2.7 (2.1-3.4)                                                                                        <0.001

*The COPD-CB phenotype was the reference phenotype in the multinomial model.
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of Life, and COPD impact showed significant differences by
phenotype. In particular, the CAT score allowed to discriminate the
COPD-CB from the COPD-E (Wilcoxon test p<0.001) and the
COPD-A phenotype (Wilcoxon test p<0.001) (Table 4). A
significant difference within the three phenotypes was also found
by the MMRC score (Table 4). When using the BCS, the COPD-E
phenotype showed higher scores comparing to those of both COPD-

CB and of COPD-A phenotypes (Wilcoxon test p=0.006 and
p<0.001, respectively) (Table 4). 

A part the Anxiety/Depression score, all the other sub-scores of
the EQ5d-5L questionnaire showed a lower impact in the COPD-
CB than in the COPD-E phenotype, particularly as concerning the
Mobility, the Self Care, the Usual activities, and the VAS scores
(Table 5). Finally, the prevalence of current therapeutic treatments

Table 4. CAT, BCS, and MRC questionnaires by phenotype.

                                                                    Summary statistics   COPD-CB (n=486)      COPD-E (n=391)  COPD-A (n=129)          p

COPD assessment test (CAT)                                             Mean ± SD                          14.6 ± 7.6                             17.8 ± 7.6                       15.0 ± 6.6                  <0.001
                                                                                                 Median (IQR)                      14.0 (9-20)                          18.0 (13-23)                  15.0 (10-19)                      
Low impact on life (CAT <10)                                                      %                                        33.3                                        23.0                                 19.4                       <0.001
Medium impact on life (10≤CAT≤20)                                        %                                      50.0%                                      44.0                                 63.6                              
High impact on life (20< CAT≤ 30)                                             %                                        14.2                                        29.7                                 14.7                              
Very High impact on life (CAT>30)                                             %                                         2.5                                          3.3                                   2.3                               
MMRC score                                                                                                                                                                                                

No breathlessness except on strenuous exercise                 %                                         7.5                                          2.9                                   5.6                        <0.001
Shortness of breath when hurrying on the level or 
walking up a slight hill                                                                    %                                        34.5                                        26.5                                 27.0                              
Walks slower than people of same age on the level              %                                        36.5                                        36.0                                 34.1
because of breathlessness or has to stop to catch 
breath when walking at their own pace on the level                                                             
Stops for breath after walking 100 m or after few                %                                        15.6                                        23.9                                 27.8                              
minutes on the level                                                                        
Too breathless to leave the house, or breathless                  %                                         5.8                                         10.6                                  5.6                               
when dressing or undressing                                                        
BCS                                                                                            Mean ± SD                           4.2 ± 2.6                               4.7 ± 2.4                         3.5 ± 2.1                   <0.001
                                                                                                 Median (IQR)                                                                    3.0 (2.0-6.0)                   4.0 (3.0-6.0)           3.0 (2.0-4.0)

Table 5. The EQ5d-5L questionnaire scores by phenotype.

                                                                                            COPD-CB (n=486)          COPD-E (n=391)          COPD-A (n=129)               p

EQ-5D-5L questionnaire mobility         Mean ± SD                                         1.9 ± 0.9                                    2.2 ± 1.0                                   2.0 ± 0.9                         <0.001
                                                                   Median (IQR)                                   2.0 (1.0-3.0)                              2.0 (1.0-3.0)                            2.0 (1.0-3.0)                            
      2                                                                      %                                                      73.8                                             59.0                                           68.5                                   
      3                                                                      %                                                      20.8                                             28.8                                           27.9                                   
      4-5                                                                   %                                                       5.5                                              12.2                                            3.6                                    
Self-care                                                     Mean ± SD                                         1.5 ± 0.8                                    1.8 ± 1.0                                   1.8 ± 0.9                         <0.001
Median (IQR)                                              1.0 (1- 2)                                           2.0 (1- 2)                                   2.0 (1- 2)                                          
      1-2                                                                   %                                                      85.8                                             78.3                                           77.5                                   
      3                                                                      %                                                      11.5                                             14.2                                           18.9                                   
      4-5                                                                   %                                                       2.7                                               7.5                                             3.6                                    
Usual activities                                          Mean ± SD                                         1.8 ± 0.9                                    2.1 ± 1.0                                   2.1± 0.9                         <0.001
      Median (IQR)                                    2.0 (1.0-2.0)                                      2.0 (1.0-3.0)                              2.0 (1.0-3.0)                                       
      1-2                                                                %                                                    78.1                                             67.8                                           66.7                                   
      3                                                                     %                                                      16.9                                             21.7                                           27.9                                   
      4-5                                                                 %                                                      4.9                                              10.5                                            5.4                                    
Pain/discomfort                                         Mean ± SD                                         1.8 ± 0.9                                    1.7 ± 0.9                                   1.7 ± 0.9                          0.049
      Median (IQR)                                      2.0 1.0-2.0)                                       1.0 (1.0-2.0)                              1.0 (1.0-2.0)                                       
      1-2                                                                  %,                                                     78.4                                             79.3                                           81.1                                   
      3                                                                      %,                                                     17.8                                             18.0                                           15.3                                   
      4-5                                                                  %,                                                      3.8                                               2.7                                             3.6                                    
Anxiety/depression                                  Mean ± SD                                         1.8 ± 0.9                                   1.8 ± 0.91                                 1.7 ± 0.89                         0.795
      Median (IQR)                                    2.0 (1.0-2.0)                                      2.0 (1.0-2.0)                              1.0 (1.0-2.0)                                       
      1-2                                                                  %,                                                    80.9%                                           78.6                                           82.0                                   
      3                                                                      %,                                                     14.5                                             16.9                                           13.5                                   
      4-5                                                                  %,                                                      4.6                                               4.4                                             4.5                                    
VAS score                                                   Mean ± SD                                       63.2 ± 19.0                                58.5 ± 17.5                               60.6 ± 17.8                       <0.001
      Median (IQR)                                 65.0 (50.0-78.0)                               60.0 (50.0-70.0)                        60.0 (50.0-70.0)                                    
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recorded by phenotype are reported in Table 6. Bronchodilators
were currently assumed alone or in combination (such as:
adrenergics, anticholinergics, or adrenergics+anticholinergics) by
76.7% of COPD-E patients, by 63.5% of COPD-CB, and by 67.4%
COPD-A patients, respectively. Conversely, ICS in combination
with bronchodilators were assumed by 34.1% of COPD-A patients,
by 32.0% of COPD-E patients, and by 27.2% of COPD-CB patients.
The association of adrenergics+anticholinergics+ICS was mostly
assumed by COPD-E patients. As expected, NIV and oxygen were
peculiarly more frequently used in the COPD-E phenotype, while
their lowest use was observed in the COPD-CB phenotype.

Discussion   
COPD is a complex and progressive respiratory condition

characterized by clinical presentations that are multifaceted and
highly heterogeneous in real life [1,5-8]. Actually, there is a
consolidate evidence that what is currently defined “COPD”
corresponds to various respiratory conditions that can be variably
characterized in clinical, biological, and lung function terms: such
as, the different phenotypes of COPD [11,15,25]. Several COPD
phenotypes have been progressively identified in the literature
[11,24], even if only a few of them are those most frequently
encountered in daily clinical activity [10,12,14,26]. Their
identification would be of great clinical value because they can
substantially affect the therapeutic strategy, the short- and long-term
outcomes, and the overall impact of COPD. 

Even if recommended [12], the prevalence and the
multiparametrical characterization of the COPD phenotypes had
never been previously assessed in Italy on representative samples
of COPD population. Nor it was done by using those variables that
are currently available in real-world medical practice. 

From the CLIMA study, the picture of each phenotype should
emerge as consisting of a composite mix of parameters deriving
from the patients’ history, a few specific biological data, and some
lung function parameters: all easy to collect, but characterized by a
high discriminating power, statistically validated. Actually, only a
small proportion of the variables considered for the study proved
sensitive enough to fit the aim of the investigation, and are then
worthy of comments and comparison to the specific literature
available.

In concordance with previous studies [10,12,14,26], three were
the most frequent COPD phenotypes recognized also in the present
study: i) one, mainly related to the picture of chronic bronchitis; i)
another, presumably characterized by the presence of emphysema
at variable extent; ii) the last one, characterized by a picture of
COPD mixed to bronchial asthma. In particular, the COPD-CB
phenotype confirmed as the most frequent in clinical practice, while
the most frequent exacerbators were patients belonging to the
COPD-E phenotype, who also showed the poorest lung function

profile, the lowest quality of life, and the highest impact on health
status. These data compared by phenotype correspond very well to
those of other recent studies carried out in Central-Eastern Europe
and in Far East regions and showing that the majority of COPD
patients have a prevailing chronic bronchitis picture characterized
by lower rates of exacerbations when compared to those of other
phenotypes [27,28]. 

From a general point of view, to keep in mind that the patient’s
smoke habit is still  worthy of a systematic check in clinical practice
as the condition of current and of former-smoker once again proved
significantly related to the presence of some emphysema component
of COPD, with higher probability. However, it should also be noted
that 6-11% of the whole sample were patients who never smoked
even if suffering from COPD: this evidence further suggests the
substantial role of other underlying determinants of COPD in these
cases (i.e., environmental or occupational risks; recurrent infections,
etc.). Moreover, differently from other Countries where females
already equaled the males’ prevalence of COPD and also that of
smoke attitude (29), the present study showed that the gender
dependance of COPD still is dramatically in favor of males in Italy,
regardless the phenotype they belong to. 

As concerning the specific discriminating power of the
prevailing respiratoty symptoms spontaneously claimed (namely
cough, dyspnoea, wheezing), the role of cough was negligible
indeed in discriminating the three phenotypes: this evidence was
expected when considering that all patients included had chronic
cough as their basic common symptom. Conversely, the occurrence
of dyspnoea as the prevailing symptom, rather than wheezing,
contributed significantly in identifying the COPD-E rather than the
COPD-CB the COPD-A phenotype. In other words, the message to
retain for the daily practice is that, when representing the prevailing
symptom, dyspnoea tends to support the existence of a substantial
emphysema component of COPD peculiarly, while the recurrence
of wheezing more likely tends to suggest the concomitant role of
asthma components. 

In concordance with several previous controlled studies [30-
32], the role of blood eosinophil count in discriminating the asthma
component of COPD results further highlighted also in the present
study where it proved sensitive indeed. This evidence is of crucial
clinical value as the eosinophil count, that is a very simple and quick
parameter to obtain at low cost, represents a quite relevant indicator
for choosing the most appropriate therapeutic regimen.
Unfortunately, the exact relationships between other two endotypes
(namely, high IgE expression and α1-AT deficiency) to each COPD
phenotype were impossible to assess exactly in the present study
due to the too high number of missings. However, data obtained in
the limited proportion of patients who provided these data
completely tend to support the positive relationship between IgE
plasma levels and the COPD-A phenotype, and the higher
prevalence of α1-AT levels <100 mg/dl in the COPD-E phenotype.
To pinpoint that other studies found the same trends in comparable

Table 6. Distribution of current treatments by phenotype.                

                                                                                                   COPD-CB (n=486)            COPD-E (n=391)                 COPD-A (n=129)

Adrenergics                                                                       %                                                6.0                                                9.2                                                     5.4 
Anticholinergics                                                                %                                               27.4                                              35.3                                                    37.2
Adrenergics+Anticholinergics                                      %                                               30.5                                               32.2                                                   24.8 
Adrenergics+ICS                                                              %                                               27.0                                              31.2                                                   34.1 
Adrenergics + Anticholinergics + ICS                        %                                               0.2                                               0.8                                                     0.0 
NIV and/or oxygen                                                            %,                                               4.1                                              14.3                                                    10.1
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samples of COPD subjects [33,34].
A further crucial issue is the identification of the peculiar lung

function profile for each one of the phenotypes investigated in
clinical practice. This critical issue is still debated since long ago
and it had been investigated from this point of view in different
countries [35,36], although so far not in Italy. The main message
currently emerging from the literature is that the spirometric staging
only based on a sole parameter (usually the FEV1) is not sensitive
enough for describing the complexity and the heterogeneity of the
COPD and to characterize the patients’ profile of its different
phenotypes [8,9,37,38]. Actually, FEV1 reflects all the different
determinants underlying COPD airflow limitation globally, and is
not specific enough for mirroring each airway or parenchymal
pathogenetic mechanism contributing to different COPD
phenotypes [13]. The FEV1/FVC ratio remains the diagnostic
criterion for persistent airflow limitation even if it is known to only
partially correlate with the disease impact on patients’ symptoms
[39]. The FEV1/VC ratio (a measure also simple to obtain, but where
VC is more related to the elastic recoil) proved more sensitive from
this point of view [40,41]. Again, the higher sensitivity of the
FEV1/VC ratio should also be expected when realizing that
FEV1/FVC represents the ratio between two forced volumes, while
FEV1/VC is the ratio between a forced to a resting volume, thus
resulting the extent of the current flow limitation magnified.

In general, the occurrence of a significant short-term FEV1
reversibility confirmed of limited value for distinguishing the COPD
phenotypes, even if the FEV1% recover ≥12% and of 200 ml from
basal values was more frequently observed in COPD patients
characterized by active asthma components rather than in those with
emphysema components, ranging 11-23% respectively. These
results are very similar to those found in a recent study aimed to
assess the bronchodilator reversibility in a large sample of more
than 35,000 patients obtained by combining three large population
studies (ranging 17.3-18.4%), even if these studies were not carried
out with the principal aim of comparing different phenotypes of
COPD [42]. 

Just in order to proceed beyond FEV1, the measure of DLco
confirmed to be probative indeed in favor of the COPD-E
phenotype, and data obtained in the CLIMA study are absolutely
comparable to those of a similar study of only a few years ago [43].
Actually, in concordance with lung physiology, the existence of a
substantial damage of alveolar membrane and peripheral deranged
distribution of ventilation can be suggested in those patients with
high probability. This evidence is of particular relevance when
compared to the negligible discriminant value of the generic and
too frequently recurring mention of “emphysema” recorded in the
chest x-ray reports of these patients. It is very likely that this bias
may happen due to possible inappropriateness occurring in
radiological procedures, or in x-ray reporting. Unfortunately, the
use of DLco measures still is infrequent in Italy for current clinical
purposes, likely due to the need of equipments more complex,
expensive and requiring skilled users than the simple spirometry.

Data provided by multiparametrical scores were of great
interest, too. In particular, the BODE score (which consists per sé
of BMI, FEV1, dyspnea, 6 minutes walking test) [44] had a
significant role in phenotyping COPD patients of the present study:
actually, COPD-CB patients were characterized by much lower
BODE scores with high frequency, while the severe BODE scores
were much more frequently recorded in patients of both the COPD-
E and COPD-A phenotypes, thus suggesting a much higher
structural involvement of airway and lung structures in these cases.
The Questionnaires used in the present study for checking any
difference in Quality of Life, health status and impact for each
COPD phenotype confirmed their significant high sensitivity in

discriminating peculiarly the COPD-E from the other phenotypes
investigated. In other words, the existence of some emphysema
components can be quickly supposed by these questionnaires that
can be easily filled by patients while waiting for the precise
biological and lung function definition of their COPD [45].

Finally, even if, in general terms, the most treated patients were
those belonging to the COPD-E and COPD-A phenotypes, the
therapeutic attitude emerged from the present study reflects once
again that a substantial proportion of COPD patients were not
receiving the appropriate treatment in Italy [46], and tends to
underline the still too poor recognition of at least the most common
COPD phenotypes.

The study has some limitations. Points of weakness are: due to
logistical and time requirements, data collection was carried out
only during the sole recruitment visit. Some biological data were
only available in a limited proportion of patients and their precise
relationships with each phenotype, even if suggestive to be highly
probable, were impossible to calculate exactly. Moreover, some lung
function parameters and questionnaires were also not available in
all patients, even if their number was largely sufficient for
regressions in this case (redemption always ranging 54³90%).
Unfortunately, bronchial hyper-reactivity had been performed in a
too limited number of patients (<20%). No arterial blood gas data
were available because the design of the study privileged its
feasibility by avoiding invasive (arterial) measures. Point of strength
are: the consistency of the sample and the even distribution
throughout Italy of the specialist sites contributing to the study.
Finally, the multiparametrical and probabilistic approach to the
tentative characterization of COPD phenotypes. 

Conclusions
COPD is a complex, multifaceted chronic disorder that can be

declined by different phenotypes. Currently, their recognition is still
not sufficiently pursued and their operational value still
insufficiently valued in current clinical practice, thus perpetuating
the already blurred vision of COPD. However, the prevailing
determinants of COPD may be highlightable by some usual
parameters, easy to obtain. Otherwise, when diagnosing COPD,
even if unaware, clinicians are tilting between the Dutch and the
British pathogenetic hypothesis [47,48], with poorer results than
expected. In general, the identification of peculiar lung function
profiles framing the most frequent COPD phenotypes is achievable
in short time and at low cost also in clinical practice. Of course, the
parameters should be rightly chosen, used timely, and interpreted
effectively. The use of specific questionnaires for assessing Quality
of Life, health status and impact can also provide a further quick
support for discriminating the main phenotypes of COPD in short
time. Stemming from this bulk of evidence, it should be emphasized
that the phenotypical approach to COPD would be of greatly impact.
Actually, the disease management would be much more appropriate
and effective, and the therapeutic strategy more targeted and fitting
with the dictates of precision medicine [21,49,50] also in everyday
clinical practice.
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