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Introduction: Understanding clinical evolution of chronic obstructive pulmonary disease 
(COPD) is crucial for improving disease management.
Materials and Methods: STORICO (NCT03105999), an Italian, multicenter, non-inter
ventional, observational study conducted in 40 pulmonology centers, aimed to describe the 
1-year clinical evolution and health status of clinicallbased phenotypes. Baseline and follow- 
up data of COPD subjects with a chronic bronchitis (CB) or emphysema (EM) phenotype 
were collected. The frequency of COPD symptoms during the 24 hours (gathered via the 
night-time, morning and day-time symptoms of COPD questionnaire) and the anxiety and 
depression levels (via the HADS Scale) were recorded at each visit.
Results: A total of 261 CB and 159 EM patients were analyzed. CB patients with ≥1 night-time 
symptom seemed to be more frequent (51.7%, 41.8% and 41.4% at baseline, 6-month and 12- 
month follow-up, respectively) than EM (37.7%, 32.1% and 30.2% at study visits) even if no 
statistical differences were observed at time points between phenotypes (chi-square test p-values 
presence/absence of night-time symptoms in CB vs EM at study visits >0.0007). In the first 6 
months, the frequency of patients with ≥1 night-time symptom decreased of 9.9% in CB and of 
5.6% in EM. A clinically relevant decline of DLCO % predicted over 1 year in EM was observed, 
the mean (SD) being 61.5 (20.8) % at baseline and 59.1 (17.4) % at 12-month follow-up. EM had 
higher levels of anxiety and depression than CB (median (25th-75th percentile) HADS total 
score in CB: 7.0 (4.0–13.0) and 7.0 (3.0–12.0), in EM: 9.0 (3.0–14.0) and 9.5 (3.0–14.0) both at 
baseline and at 6-month follow-up, respectively), considering 1.17 as minimally clinical impor
tant difference (MCID) for the total score.
Conclusion: EM patients, evaluated in a real-world setting, seem to suffer from a worse 
clinical condition and health status compared to CB patients, appearing to have “more 
treatable” traits.
Keywords: COPD, clinical phenotype, clinical evolution, quality of life

Introduction
In patients affected by Chronic Obstructive Pulmonary Disease (COPD) cough and 
sputum production are associated with frequent exacerbations and hospitalizations1 

and a recent publication confirms that exacerbations occur in less than half of COPD 
patients.2 Moreover, COPD subjects present a high prevalence of non-pulmonary 
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comorbidities that can influence the natural history and the 
management of the disease.3 COPD is a very heterogeneous 
disease and understanding its clinical evolution is crucial for 
improving disease management and prognosis.

Notwithstanding the huge number of studies on the 
natural history of COPD, still a number of questions 
remain unsolved.4 Two important questions are still 
a matter of discussion in the literature. First, if different 
phenotypes have different natural history5 and, second, 
which clinical and functional variables are important in 
defining different subgroups of COPD patients and possi
bly in identifying patients with higher risk for disease 
progression, such as frequent exacerbators.6

Nowadays, the presence of chronic bronchitis seems to 
be associated with an increased risk of exacerbation1,7 and 
of COPD in 6–70% of patients in different series with 
a higher prevalence in more severe patients.8,9

The identification of treatable traits of the different 
COPD phenotypes will lead to a new precision medicine 
approach.10

The STORICO (NCT03105999) study (STudio 
Osservazionale sulla caratteRizzazione dei sIntomi delle 
24 ore nei pazienti con broncopneumopatia cronica 
ostruttiva, observational study on characterization of 
24-h symptoms in patients with COPD) offers the unique 
opportunity to prospectively analyze the clinical charac
teristics and quality of life evolution of subjects with 
COPD, with respect to their daily symptom variability 
in one-year follow-up. Aims of the present paper were (i) 
(primary objective) to describe the 12-month clinical 
evolution of patients (in terms of early-morning, day- 
and night-time COPD symptoms and lung function para
meters) according to clinical phenotypes identified at 
enrolment and (ii) (secondary objective) to describe the 
quality of life, quality of sleep, level of anxiety and 
depression and physical activity during the 12-month 
follow-up in clinically based phenotypes.

Materials and Methods
Study Design
STORICO (NCT03105999) is an Italian, multicenter, non- 
interventional, observational study conducted in 40 pulmo
nology centers.

Consecutive recruitment of patients was conducted 
from February 2016 to April 2017, while the longitudinal 
phase of the study lasted 12 months, with scheduled visits 

after 6 and 12 months from baseline. Last patient last visit 
occurred in June 2018.

Study Population
All subjects aged ≥50, current or ex-smokers with 
a smoking history of at least 10 pack-years, with 
a diagnosis of COPD (defined as post-bronchodilator 
FEV1/FVC <0.7 with the presence of symptoms) and in 
stable conditions (ie with no major changes in the therapy) 
for at least 12 months according to the GOLD 2014 (stages 
A to D) 7 were enrolled.11–13 Patients participating in 
a clinical trial and those who had changed their COPD 
treatment regimen in the 3 months prior to enrolment were 
excluded, as were patients with exacerbations during the 
month prior to enrollment. Also, patients under continuous 
use of oxygen therapy or suffering from asthma, sleep 
apnea syndrome or other chronic diseases that reduced 
life expectancy to less than 3 years (Charlson index > 3) 
were excluded.11 Patients provided written informed con
sent before study participation.

We are here presenting data only for patients who 
completed baseline and follow-up visits within 6 (±2) 
and 12 (±3) months, respectively, and with available infor
mation on the frequency of COPD symptoms during each 
part of the 24-h day at baseline and both follow-up visits.

Clinical Assessment
At baseline visit, socio-demographic characteristics were 
recorded as well as clinical history, GOLD grouping (com
bined COPD assessment according to the GOLD document) 
and presence of relevant comorbidities. The GOLD group
ing (stages A-D) was determined by the clinician at enroll
ment through the assessment of (i) symptoms (by means of 
the COPD Assessment Test (CAT)) or breathlessness (by 
means of the modified Medical Research Council (mMRC) 
dyspnea scale), (ii) GOLD classification of airflow limita
tion (GOLD 1-2-3-4), (iii) exacerbation history in the year 
before enrollment. GOLD 1 (mild airflow limitation) was 
attributed to patients with FEV1≥80% predicted, GOLD 2 
(moderate airflow limitation) to patients with 
50%≤FEV1<80% predicted, GOLD 3 (severe airflow lim
itation) to patients with 30%≤FEV1<50% predicted and 
GOLD 4 (very severe airflow limitation) to patients with 
FEV1<30% predicted.

The presence of anemia was assessed by hemoglobin 
<13.5 g/dl (for males) and <12 gr/dl (for females)14 and the 
estimated glomerular filtration rate (eGFR) <60 mL/min/ 
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1.73 m2 was considered indicative of a chronic kidney 
disease.15

At each study visit, clinicians assigned a clinical 
COPD phenotype to subjects based on their judgment; 
chronic bronchitis (CB) was defined as the presence of 
productive cough for at least 3 months in two consecutive 
years, emphysema (EM) was chosen for patients who 
present with dyspnea and reduced tolerance to exercise 
as predominant symptoms and mixed COPD-asthma 
(MCA) for patients with a documented not completely 
reversible airflow obstruction, accompanied by symptoms 
or signs of obstruction reversibility.16,17

At study visits, spirometry was performed according to 
recommendations of American Thoracic Society (ATS) 
and European Respiratory Society (ERS): forced expira
tory volume in the first second (FEV1) and forced vital 
capacity (FVC) were collected, and, if available, Residual 
Volume (RV), Total Lung Capacity (TLC) and diffusion 
capacity for carbon monoxide (DLCO) were recorded too.

For each patient, the number of exacerbations per 
patient (regardless of their severity) was collected at base
line visit (considering the last 5 years before enrollment). 
Exacerbations were defined as an acute event character
ized by a worsening of the patient’s respiratory symptoms 
that was beyond day-to-day variations and led to a change 
in medication during follow-up; their occurrence and 
severity (mild/moderate/severe) were assessed.

Outcome Measures
The frequency of COPD symptoms (breathlessness, cough
ing, bringing up phlegm or mucus, chest tightness, chest 
congestion and wheezing) during each part of the day were 
assessed at study visits by means of the Night-time, Morning 
and Day-time Symptoms of COPD questionnaire.18 The 
level of perceived breathlessness and the extent to which it 
affected mobility were assessed by the modified Medical 
Research Council (mMRC) dyspnea scale ranging from 0 
(breathless with strenuous exercise) to 4 (too breathless to 
leave the house or breathless when dressing or undressing).19

The patients completed at each visit the COPD 
Assessment Test (CAT) to measure health status on 
a single score ranging from 0 to 40 where higher scores 
represent worse health status.20

Health-related quality of life was evaluated by the 
St. George’s Respiratory Questionnaire (SGRQ), including 
the subject’s perception of his/her recent respiratory pro
blems (Symptoms component), disturbances to daily phy
sical activity (Activity component) and disturbances of 

psychosocial function (Impact component); a total score 
was also calculated. Scores range between 0 (no impair
ment) and 100 (highest impairment).21,22

Anxiety and depression states were investigated 
through the Hospital Anxiety and Depression Scale 
(HADS),23,25 with a total score (emotional distress) ran
ging between 0 and 42; anxiety and depression subscales 
scores (ranging 0–21) were also computed, with higher 
scores indicating more distress.

The impact of respiratory symptoms on sleep was 
assessed with the COPD and Asthma Sleep Impact Scale 
(CASIS),26 a self-administered, 7-item scale evaluating 
sleep impairment associated with COPD and asthma. The 
total score ranges 0–100, with higher scores indicating 
greater sleep deterioration in the previous week.

Physical activity was assessed with the International 
Physical Activity Questionnaire (IPAQ)27 and categorical 
score (low, medium, high physical activity) was calcu
lated. All questionnaires and scale were administered in 
Italian language.

Sample Size
The sample size was not determined to test any a priori 
hypothesis as the STORICO study aim was descriptive. 
According to feasibility considerations, assuming the 
inclusion of 600 patients (10% of whom could have vio
lated inclusion criteria), we simulated the achievable pre
cision (ie the relative error – calculated as the ratio 
between 95% CI half-width and expected proportion) of 
the primary endpoint. The reached sample size at 12- 
month follow-up (n=446) allowed us to estimate the 12- 
month evolution of COPD symptoms with an acceptable 
level of precision (relative error < 30%).

Statistical Analysis
Data were analyzed in accordance with a pre-defined statis
tical analysis plan. The continuous, normally distributed 
variables were expressed as a mean ± SD and comparisons 
between independent groups (ie evaluable vs not evaluable 
patients) were performed with parametric Student’s t-test and 
comparisons of lung function parameters at baseline vs each 
follow-up visit or between follow-up visits at subject level 
were performed by means of the paired t-test. In case of not 
normally distributed parameters, median and interquartile 
range (IQR) were provided and not parametric tests 
(Mann–Whitney U for independent groups (ie comparisons 
of SGRQ scores at different time points in EM vs CB 
patients) and Wilcoxon signed-rank tests for correlated 
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observations (ie comparisons at a subject level of lung func
tion parameters or CASIS total score between time points)) 
were chosen.

Absolute and relative frequencies were calculated for 
qualitative data and differences between categorical vari
ables were tested by chi-square test.

Alpha (with Bonferroni correction) was set to 0.0007 con
sidering the total number of performed tests. The evolution of 
(night-time, early-morning and day-time) COPD symptoms 
during follow-up was described in CB and EM patients in 
terms of frequency of patients with symptoms: (i) present both 
at baseline and x-month follow-up (“always present”), (ii) 
absent both at baseline and x-month follow-up (“always 
absent”), (iii) present at x-month follow-up and not at baseline 
(“arising”) and (iv) present at baseline and not at x-month 
follow-up (“no more present”). The association between the 
evolution of COPD symptoms between baseline and 6-month 
follow-up (and between 6- and 12-month follow-up) vs clin
ical phenotypes was evaluated by means of chi-square tests.

Missing values were not replaced and did not contri
bute to the analysis of the variable. Frequency of missing 
data was given for all analyzed variables.

Statistical analyses were performed overall and within 
each phenotype.

Site monitoring, data management and statistical ana
lysis were performed by MediNeos (Modena, Italy). 
Statistical analysis was performed using SAS v9.4 and 
Enterprise Guide v7.1.

Results
Subjects’ Characteristics
Among the 681 enrolled patients, 606 (89.0%) were eva
luable at baseline (350 (57.8%), 216 (35.6%), 32 (5.3%) 
and 8 (1.3%) classified as CB, EM, MCA and EM+CB, 
respectively), while 446 patients (73.6% of the evaluable 
at baseline) were evaluable for the longitudinal phase and 
included in the present analysis. Disposition of patients is 
shown in Figure 1. Considering the 69 patients not attend
ing to the 12-month follow-up visit, 12 died, 12 withdrew 
the informed consent to participate in the study, 44 were 
lost to follow-up and 1 discontinued for personal matters.

Patients evaluable for the longitudinal phase did not 
differ at baseline for gender, age, number of COPD exacer
bations/year in the 5 years before baseline, FEV1, RV, 
TLC, SGRQ (symptoms, activity, impacts on daily life 
and total) scores compared to not evaluable patients 
(t-test or chi-square test p-values >0.05) (data not shown).

The clinical phenotype attributed by the clinician at 
baseline was stable as it was confirmed for 96% of patients 
(n= 427) at 6-month follow-up and for 94% of patients (n= 
418) at 12-month follow-up.

Baseline socio-demographic and clinical characteristics 
are shown in Table 1.

MCA group was not analysed due to the low number of 
patients; and so, from this moment onward, only results of 
CB and EM patients are described.

Circadian Rhythm of Symptoms During 
Follow-Up
The frequency of patients with at least one night-time, 
early-morning and day-time symptom (in the week before 
visit) at the study visits is depicted in Figure 2.

At all study visits, CB patients with ≥1 night-time symp
tom seemed to be more frequent than EM even if no statistical 
differences were observed at time points between phenotypes 
(chi-square test p-values presence/absence of night-time 
symptoms in CB vs EM at study visits >0.0007). Moreover, 
in the first 6 months the frequency of patients with at least 1 
night-time symptom decreased of 5.6% in EM and of 9.9% in 
CB (and then the frequency seemed stable in the 12-month 
assessment). As far as other symptoms, the distribution of 
patients with at least 1 early-morning (or day-time) symptom 
is similar between phenotypes (chi-square test p-values pre
sence/absence of early-morning (or day-time) symptoms in 
CB vs EM at all study visits >0.0007).

As shown in Figure 3A, the evolution of night-time 
symptoms between study visits was not associated to clin
ical phenotype (chi-square test night-time symptoms evo
lution in CB vs EM p-values >0.0007). It can be noticed 
that 94 (36.0%) and 42 (26.4%) of CB and EM, respec
tively, have always present night-time symptoms, suggest
ing a higher presence of symptoms in the CB, and 41 CB 
(15.7%) and 18 EM (11.3%) have no more present night- 
time symptoms at 6-month follow-up. The proportion of 
CB and EM patients with arising night-time symptoms 
was similar (5.8% in CB and 5.7% in EM).

No relevant associations were found neither between 
clinical phenotype and evolution of early-morning 
and day-time COPD symptoms (see Figure 3B and C).

Exacerbations During Follow-Up
The median (IQR) number of exacerbation/year in the 5 
years before enrollment was 1.00 (1.00–2.00) in the whole 
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sample, 1.00 (1.00–2.00) and 1.00 (0.00–2.00) in CB and 
EM, respectively.

At least one exacerbation during the study occurred in 
137 patients (22.6%) without relevant difference in fre
quency between phenotypes (82 (23.4%) CB and 44 
(20.4%) EM). The exacerbations were prevalently of 
mild or moderate severity without differences between 
phenotypes again: in the whole sample 13.2% (n=80) and 
11.4% (n=69) of patients had at least one exacerbation of 
mild or moderate severity, respectively.

Lung Function Parameters
As depicted in Figure 4A and B, lung function parameters 
were stable over time both in CB and in EM patients 
(paired t-test and Wilcoxon signed-rank test p-values of 

parameters at baseline vs 6-month follow-up, at baseline 
vs 12-month follow-up and at 6-month vs 12-month fol
low-up in CB and in EM patients >0.0007). In our opinion, 
however, the decline of DLCO % of the predicted over 
1 year in EM, the mean (SD) being 61.5 (20.8) % at 
baseline and 59.1 (17.4) % at 12-month follow-up, could 
be considered clinically relevant.

Level of Dyspnea
The level of dyspnea, as per patient perception, was stable 
over time; at baseline, 6- and 12-month follow-up visits 
104 (42.8%), 110 (45.3%) and 111 (45.7%) and 73 
(49.3%), 74 (50.0%) and 71 (48.0%) CB and EM patients, 
respectively, had mMRC score ≥2.

Figure 1 Disposition of patients. *One patient could have more than one reason of exclusion. 
Abbreviations: CB, chronic bronchitis; MCA, mixed-COPD asthma.
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Quality of Life, Quality of Sleep, Level of 
Anxiety and Depression and Physical 
Activity
As shown by SGRQ scores in Table 2, the quality of life 
did not show relevant changes during 12 months of 
observation; the overall median (IQR) change of 

SGRQ total score between baseline and 12-month fol
low-up was −0.2 (−5.5–2.7) points. Considering the 
SGRQ total score at the study visits, the differences 

between CB and EM did not reach statistical signifi

cance (p-values Mann–Whitney U-test total score CB vs 

EM at all study visits >0.0007).

Table 1 Socio-Demographic and Clinical Characteristics of the Studied Subjects

Overall (N=446) CB (N=261) EM (N=159) MCA (N=21)

Age (yrs) (mean±SD) 70.9±8.0 71.3±8.0 70.8±8.0 69.6±8.6

Males (N, %) 334 (74.9) 187 (71.6) 131 (82.4) 12 (57.1)

Smoking status (N, %)

Former smoker 319 (71.5) 186 (71.3) 116 (73.0) 15 (71.4)

Current smoker 127 (28.5) 75 (28.7) 43 (27.0) 6 (28.6)

Amount of tobacco consumed (pack/year) (median IQR) 40.0 (20.0–52.0) 36.0 (20.0–57.0) 40.0 (25.0–50.0) 30.0 (20.0–45.0)

Smoking duration (yrs) (median IQR) 40.0 (30.0–49.0) 40.0 (30.0–49.0) 40.0 (32.0–49.0) 34.5 (30.0–42.0)

BMI (N, %)

Underweight (BMI<18.5) 11 (2.5) 2 (0.8) 9 (5.7) 0

Normal weight (BMI [18.5–24.9]) 134 (30.4) 66 (25.7) 59 (37.3) 8 (38.1)

Overweight (BMI [25–30]) 198 (44.9) 120 (46.7) 68 (43.0) 10 (47.6)

Obese (BMI ≥30) 98 (22.2) 69 (26.8) 22 (13.9) 3 (14.3)

NK 5 4 1 0

COPD duration (yrs) (mean±SD) 7.5±5.9 7.4±5.7 7.5±5.7 8.4±9.7

Age at COPD diagnosis (yrs) (mean±SD) 63.5±8.6 63.9±8.5 63.3±8.3 61.2±12.0

COPD assessment (GOLD 2014 guidelines) (N, %)

Group A 116 (26.0) 57 (21.8) 51 (32.1) 8 (38.1)

Group B 146 (32.7) 107 (41.0) 31 (19.5) 5 (23.8)

Group C 88 (19.7) 42 (16.1) 40 (25.2) 5 (23.8)

Group D 96 (21.5) 55 (21.1) 37 (23.3) 3 (14.3)

N of COPD exacerbations/year (5 years before baseline) 

(median IQR)

1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (0.0–2.0) 1.0 (1.0–1.0)

CAT score (median IQR) 13.0 (9.0–18.0) 13.0 (9.0–18.0) 11.0 (7.0–17.0) 9.0 (7.0–15.0)

Ongoing comorbidities at baseline (N, %)

≥1 comorbidity 329 (73.8) 188 (72.0) 123 (77.4) 14 (66.7)

Anemia* 29 (25.7) 22 (32.8) 6 (14.6) 1 (25.0)

Arterial Hypertension 228 (51.1) 142 (54.4) 72 (45.3) 10 (47.6)

Atrial fibrillation 25 (5.6) 16 (6.1) 8 (5.0) 1 (4.8)

Cardiac ischemic disease 44 (9.9) 24 (9.2) 14 (8.8) 5 (23.8)

Diabetes 47 (10.5) 29 (11.1) 15 (9.4) 2 (9.5)

Chronic kidney disease^ 11 (10.8) 7 (12.3) 3 (7.5) 1 (25.0)

GERD 19 (4.3) 15 (5.7) 3 (1.9) 1 (4.8)

Neoplastic disease** 24 (5.4) 10 (3.8) 13 (8.2) 0 (0.0)

Osteoporosis 20 (4.5) 16 (6.1) 3 (1.9) 1 (4.8)

Notes: Data about EM+CB not shown. *Presence of anemia was evaluated on 113 patients in the total sample, 67 CB, 41 EM, 4 MCA. ^Chronic kidney disease was evaluated on 102 
patients in the total sample, 57 CB, 40 EM, 4 MCA. ** not life-threatening according to clinical judgment. Percentages computed out of non-missing responses. 
Abbreviations: BMI, body mass index; CB, chronic bronchitis; EM, emphysema; GERD, gastroesophageal reflux disease; IQR, interquartile range; MCA, Mixed-COPD 
asthma; NK, unknown; SD, standard deviation.
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Figure 2 Frequency of patients with COPD symptoms at study visits (overall and by clinical phenotype). Chi-square test p-values presence/absence of night-time, early- 
morning, day-time symptoms in CB vs EM at baseline, 6-month follow-up and 12-month follow-up visit > 0.0007.
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In CB patients, the quality of sleep becomes better 
between baseline and follow-up visits; the median 
(25th-75th percentile) CASIS total score at the baseline 
was, in fact, 16.1 (7.1–39.3) vs 11.4 (2.9–25.7) at 6- 
and 12-month follow-up (p-values Wilcoxon signed- 
rank tests CASIS total score baseline vs 6-month fol
low-up and baseline vs 12-month follow-up <0.0001). 
Between baseline and follow-up visits also in the EM 
patients the quality of sleep improved significantly 
(p-values Wilcoxon signed-rank tests CASIS total 
score baseline vs 6-month follow-up and baseline vs 
12-month follow-up <0.0001) but with lower increase 
respect to CB.

As shown in Table 2, at all study visits, levels of 
anxiety and depression were in general low. Considering 
as minimally clinical important difference (MCID) for the 
total score 1.17,28 EM compared to CB patients had higher 
levels of anxiety and depression (as assessed by the HADS 
total score) both at baseline and at 6-month follow-up. In 
CB, the median (25th-75th percentile) HADS total score 
was in fact 7.0 (4.0–13.0) at baseline and 7.0 (3.0–12.0) at 
6-month follow-up, while in EM it was 9.0 (3.0–14.0) and 
9.5 (3.0–14.0) at baseline and 6-month follow-up, respec
tively. As far as the variation over time, all the scores 
appeared stable without relevant differences between clin
ical phenotypes (the overall median (IQR) change of 

Figure 3 Continued.

Figure 3 Continued.
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HADS total score between baseline and 12-month follow- 
up was −0.0 (−2.0–2.0) points).

Lastly, the levels of physical activity were mainly mod
erate at all the study visits both in CB and EM patients. The 
number of patients with low physical activity increased over 
1 year more evidently in the EM patients (from 20.4% at 
baseline to 28.6% at 12-month follow-up) than in CB ones 
(from 32.9% at baseline to 35.6% at 12-month follow-up).

Therapies for COPD
The therapies for COPD ongoing at study visits are 
described in Figure 5.

Considering the whole sample, 99.0% (600 out of 606), 
98.4% (439 out of 446) and 98.7% (440 out of 446) of 
patients were on therapy for COPD at baseline, 6-month 
and 12-month follow-up. Overall at all study visits, the 
most frequently assumed therapy was the triple (n=215 
35.5% at baseline, n=159 35.7% at 6-month follow-up, 
n=160 35.9% at 12-month follow-up), followed by 
LABA+LAMA (n=175 28.9% at baseline, n=127 28.5% 
at 6-month follow-up, n=128 28.7% at 12-month follow- 
up), LAMA alone (n=98 16.2% at baseline, n=69 15.5% at 
6-month follow-up, n=70 15.7% at 12-month follow-up) 
and ICS+LABA (n=87 14.4% at baseline, n=62 13.9% at 
6-month follow-up, n=61 13.7% at 12-month follow-up).

It can be noticed that EM patients were more fre
quently prescribed with LABA+LAMA (n=88 40.7% at 
baseline, n=66 41.5% at 6-month follow-up, n=69 

43.4% at 12-month follow-up), while CB patients 
with triple therapy (n=128 36.6% at baseline, n=98 
37.5% at 6-month follow-up, n=101 38.7% at 12- 
month follow-up).

Discussion
COPD is a chronic respiratory disease characterized by 
chronic respiratory symptoms.

The STORICO study evaluated the evolution of symp
toms in different COPD phenotypes in a 12-months fol
low-up. Considering the studied population, at all the 
study visits CB patients with ≥1 night-time symptom 
seem to be more frequent than EM (even if statistical 
significance was not reached) and in the first 6 months of 
follow-up there is a reduction in frequency of patients with 
≥1 symptom higher in CB than in EM and, then, the 
frequency remained stable.

The interpretation of these changes is not easy, but they 
could be reasonably due to a change during follow-up of the 
therapy for COPD or of life habits (smoking in particular) or 
of the comorbidities profile; moreover, a trial effect could 
also have had a role in the observed variations.

During follow-up, a slight increase in frequency of EM 
patients assuming LABA+LAMA (from 40.7% at baseline 
to 43.4% at 12-month follow-up) and of CB patients 
assuming triple therapy (from 36.6% at baseline to 
38.7% at 12-month follow-up) was observed. However, 

Figure 3 (A) Evolution of night-time symptoms between baseline and 6-month follow-up and between 6- and 12-month follow-up (by clinical phenotype). (B) Evolution of 
early-morning symptoms between baseline and 6-month follow-up and between 6- and 12-month follow-up (by clinical phenotype). (C) Evolution of day-time symptoms 
between baseline and 6-month follow-up and between 6- and 12-month follow-up (by clinical phenotype). 
Abbreviations: CB, chronic bronchitis (n=261); EM, emphysema (n=159).
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the analysis of these changes did not allow any final 
conclusion on a treatment effect on symptom changes.

On average, patients had 1 exacerbation/year in the 5 
years before enrollment. During observation period 77% 
patients had no exacerbations with no difference between 
phenotypes.

This result is consistent with the observation of the reduc
tion in the number of exacerbations registered in the last 
twenty years of clinical trials as assessed in the placebo arm 
of the studies29 and it is probably related to the improvement in 
the treatment of COPD. In fact, in a recent study on 273 
Spanish COPD patients30 47.2% of patients were considered 
non-exacerbators (ie they visited the emergency department 
less than twice for a respiratory complaint but did not require 
admission for the complaint during the year before the enroll
ment). Another study31 found that 55.8% of patients managed 
in pulmonology centers was non-frequent exacerbators 
(defined as patients with ≤1 exacerbation in the year before 
enrollment). The lower rate observed in the STORICO study 
can potentially be also due to the better conditions of the 

enrolled population compared to the study of Calle Rubio; in 
fact, in this study the mean±SD number of exacerbations in 
the year before enrollment was 2.2 ±2.1 and the mean±SD 
CAT score was 16.9 (8.3), while in the STORICO, the median 
(25th-75th percentile) number of exacerbation/year in the 5 
years before enrollment and CAT score at enrollment were 1.0 
(1.0–2.0) and 13.0 (9.0–18.0), respectively.

Consistently with the low frequency of exacerbations 
observed in the study, we did not find a significant reduction 
of spirometric parameters that appear to be stable over the 
12-month observation time. However, even if the overall 
lung function parameters were stable over time and in the 
different phenotypes, in our opinion the decline of DLCO % 
of the predicted over 1 year in EM, the median (25th-75th 
percentile) being 63.0 (46.0–76.0) at baseline and 56.0 
(46.0–68.4) at 12-month follow-up, can be considered clini
cally relevant. This finding confirms that COPD functional 
abnormalities should be studied with a more comprehensive 
approach which should be more extensive than a simple 
spirometry. Moreover, these results underline the need for 

Figure 4 Continued.
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a lung function follow-up in EM phenotype, including 
diffusion testing, as suggested by the Italian 
recommendation.32

The substantial stability of quality of life over time was 
consistent with the results of a secondary analysis of 
a longitudinal observational study on 105 patients with 
advanced COPD in the Netherlands;33 in this study, the 
mean SGRQ total score did not change significantly during 
1-year follow-up (mean ± SD change: +1.3 ± 14.9 points, 
p-value = 0.42) as in the STORICO study (median (25th- 
75th percentile) change of SGRQ total score between baseline 
and 12-month follow-up: −0.2 (−5.5–2.7) points). The result 
obtained in our study may be related to the low number of 
exacerbations recorded.

Considering the levels of anxiety and depression, results of 
a study on 831 COPD patients participating in the CHAIN 

cohort are available;33 according to this study, no statistically 
significant differences emerged in anxiety and depression at 
baseline between the exacerbator phenotype with chronic 
bronchitis and exacerbator phenotype with emphysema 
patients. Even if not statistically significant, the results show 
higher level of anxiety and depression in CB patients, consis
tently with the worse condition of these patients (lower 
FEV1% and higher CAT score and higher quote of patients 
with dyspnea) compared to EM. In the STORICO study, at 
study visits, levels of anxiety and depression are low and stable 
over time. Considering as MCID for the total score 1.1728 EM 
compared to CB, patients had higher levels of anxiety and 
depression (as assessed by the HADS total score) both at 
baseline and at 6-month follow-up.

Both in CB and EM, the quality of sleep improved 
between baseline and 12-month follow-up and the levels of 

Figure 4 (A) Median FEV1, FVC, RV and TLC by clinical phenotype (at study visits). (B) Mean FEV1 of the predicted, FEV1/FVC and DLCO of the predicted by clinical 
phenotype (at study visits). 
Abbreviations: CB, chronic bronchitis; DLCO, diffusing capacity for carbon monoxide; EM, emphysema; FEV1, forced expiratory volume in one second; FVC, forced vital 
capacity; IQR, interquartile range (25th-75th percentile); RV, residual volume; SD, standard deviation; TLC, total lung capacity.
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Table 2 Quality of Life, Quality of Sleep, Level of Anxiety and Depression and of Physical Activity by Clinical Phenotype (at Study 
Visits)

CB EM

N 242 146

SGRQ symptoms score Baseline 43.0 (23.6–58.2) 41.4 (27.3–60.3)

6-month follow-up 37.6 (20.8–57.1) 42.4 (26.0–55.5)

12-month follow-up 36.6 (19.7–57.1) 40.2 (21.4–55.9)

Activity score Baseline 47.7 (35.5–60.4) 47.7 (35.5–62.2)

6-month follow-up 47.7 (35.5–59.5) 47.7 (31.4–62.2)

12-month follow-up 47.7 (33.9–59.5) 47.7 (35.6–60.4)

Impacts score Baseline 17.2 (9.0–27.9) 18.2 (8.9–34.0)

6-month follow-up 14.5 (8.6–26.1) 17.8 (8.6–34.0)

12-month follow-up 14.7 (8.3–26.0) 17.7 (7.9–33.8)

Total score* Baseline 31.0 (20.8–42.0) 30.6 (21.7–43.3)

6-month follow-up 28.4 (17.8–38.7) 31.2 (20.4–44.0)

12-month follow-up 28.0 (18.3–38.4) 31.7 (19.8–43.3)

N 254 158

CASIS total score** Baseline 16.1 (7.1–39.3) 10.7 (3.6–28.6)

6-month follow-up 11.4 (2.9–25.7) 10.0 (2.9–20.0)

12-month follow-up 11.4 (2.9–25.7) 8.6 (2.9–20.00)

N 239 132

HADS Total score Baseline 7.0 (4.0–13.0) 9.0 (3.0–14.0)

6-month follow-up 7.0 (3.0–12.0) 9.5 (3.0–14.0)

12-month follow-up 8.0 (3.0–12.0) 9.0 (3.0–14.0)

Anxiety score Baseline 4.0 (2.0–7.0) 5.0 (2.0–7.0)

6-month follow-up 4.0 (1.0–6.0) 5.0 (1.5–7.0)

12-month follow-up 4.0 (2.0–6.0) 5.0 (2.0–7.0)

Depression score Baseline 4.0 (2.0–7.0) 4.0 (1.0–7.0)

6-month follow-up 3.0 (1.0–6.0) 4.0 (1.0–8.0)

12-month follow-up 4.0 (2.0–7.0) 4.0 (1.0–7.0)

N 73 49

IPAQ Level of physical activity (N, %) Baseline

Low 24 (32.9) 10 (20.4)

Moderate 48 (65.8) 38 (77.6)

High 1 (1.4) 1 (2.0)

6-month follow-up

Low 26 (35.6) 10 (20.4)

Moderate 46 (63.0) 39 (79.6)

High 1 (1.4) 0 (0.0)

12-month follow-up

Low 26 (35.6) 14 (28.6)

Moderate 46 (63.0) 34 (69.4)

High 1 (1.4) 1 (2.0)

Notes: If not otherwise specified, the median (25th - 75th percentile) were showed. * p-values Mann-Whitney U test total score CB vs EM at baseline, 6-month follow up and 12-month 
follow up visits>0.0007. ** p-values Wilcoxon signed-rank tests CASIS total score baseline vs 6-month follow-up and baseline vs 12-month follow-up in CB and EM patients<0.0001. 
Abbreviations: CASIS, COPD and Asthma Sleep Impact Scale; CB, chronic bronchitis; EM, emphysema; HADS, Hospital Anxiety and Depression Scale; IPAQ, International 
Physical Activity Questionnaire; SGRQ, St. George’s Respiratory Questionnaire.
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physical activity were moderate. The number of patients with 
low activity increased over 1 year more evidently in the EM 
patients than in CB. This may be related to the worsening of 
lung function in the EM patients assessed with DLCO.

Our work has some limitations, the main of which is 
that the STORICO study was not specifically designed to 
investigate differences between clinical phenotypes, so no 
hypotheses on the proper sizes of the groups were made 
a priori. Not all patients had available complete data on 
frequency of COPD symptoms at all study timepoints. 
Nevertheless, the 12-month evolution of COPD symptoms 
was estimated with an acceptable level of precision.

Moreover, in order to minimize site and patient selec
tion bias, every effort was made to select sites across 
a variety of geographic regions in Italy and sampling 
was based on consecutive enrolment. Nevertheless, it is 
not anticipated that the patients enrolled in this study were 
representative of the patient population in Italy, so results 
should be interpreted by keeping this into consideration.

To our knowledge, this is, however, one of unique real- 
world study aimed to describe in patients of different 

clinically based phenotypes the circadian rhythm of 
COPD symptoms during one-year of follow-up.

Conclusions
The STORICO study showed that, in a real-world setting, 
EM patients seem to suffer from a worse clinical condition 
and health status compared to CB patients, appearing to 
have “more treatable” traits. This is particularly true if 
exacerbations are taken into account, confirming the cur
rent focus on preventing exacerbations suggested by 
guideline and consensus documents. The small variations 
observed during 1 year of follow-up in clinical and patient 
reported outcomes could have been emphasized if a longer 
follow-up period would be considered.

Abbreviations
ATS, American Thoracic Society; BMI, body mass index; 
CASIS, COPD and Asthma Sleep Impact Scale; CAT, COPD 
Assessment Test; CB, chronic bronchitis; COPD, chronic 
obstructive pulmonary disease; DLCO, diffusion capacity for 
carbon monoxide; eGFR, estimated glomerular filtration rate; 

Figure 5 Therapies for COPD ongoing at study visits (overall and by clinical phenotype). In class other the following therapies were included: LABA alone, ICS+LAMA, 
LABA+SAMA, THEOFILLINE, Oral or IV Corticosteroids. 
Abbreviations: CB, chronic bronchitis; EM, emphysema; ICS, inhaled corticosteroids; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonists. 
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EM, emphysema; ERS, European Respiratory Society; FEV1, 
forced expiratory volume in the first second; FVC, forced vital 
capacity; GERD, gastroesophageal reflux disease; GOLD, 
Global Initiative for Chronic Obstructive Lung Disease; 
HADS, Hospital Anxiety and Depression Scale; ICS, inhaled 
corticosteroids; IPAQ, International Physical Activity 
Questionnaire; IQR, interquartile range; LABA, long-acting 
beta-agonist; LAMA, long-acting muscarinic antagonists; 
MCA, mixed COPD-asthma; mMRC, modified Medical 
Research Council; NK, unknown; PROs, patient reported out
comes; RV, residual volume; SD, standard deviation; SGRQ, 
St. George’s Respiratory Questionnaire; TLC, total lung 
capacity.
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