
6899

Abstract. – OBJECTIVE: Patients with acute 
exacerbation of Chronic Obstructive Pulmonary 
Disease (COPD) have a significant mortality 
and morbidity. Previous studies have identified 
a number of independent prognostic factors. 
However, information on hospital admission da-
tabases is limited and data regarding short-term 
prognosis of these patients in Italian hospitals 
are lacking. Thus, we performed an epidemio-
logical study on hospital admission for COPD 
acute exacerbation in Italy.

PATIENTS AND METHODS: Patients were 
identified using clinical Modification (ICD-9-CM) 
codes. Information was collected on baseline 
characteristics, vital status at discharge, dura-
tion of hospitalization, and up to five secondary 
discharge diagnoses. Comorbidity was evaluat-
ed using the Charlson comorbidity index (CCI).

RESULTS: During the observation period 
(2013-2014), 170,684 patients with COPD acute 
exacerbation were hospitalized. Mean length of 
hospitalization (LOH) was 9.95±8.69 days and 
mean in-hospital mortality was 5.30%. These 
data correspond to the 4.1% of all hospitaliza-
tions and to the 2.8% of all the days of hospital-
ization in Italy during the study period. In-hospi-
tal mortality and LOH varied among different re-
gions (from 3.13 to 7.59% and from 8.22 to 11.28 
days respectively). Old age, male gender, low 
discharge volume, previous hospitalization for 
COPD exacerbation and CCI resulted as signifi-
cantly associated with higher in-hospital mor-
tality. 

CONCLUSIONS: Hospitalization for COPD ex-
acerbation is extremely frequent even in con-
temporary Italian population. COPD exacerba-
tion is clinically demanding with a not negligi-
ble short-term mortality rate and a mean LOH 
approaching 10 days. These latter findings were 
quite variable in different regions but should be 
further analyzed to set up appropriate health-
care policies on COPD patients.
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Introduction

Chronic obstructive pulmonary disease 
(COPD) is estimated to become one of the leading 
causes of worldwide mortality by 20201. In Eu-
rope the prevalence of COPD has been estimated 
to range between 4% and 10% in adults2, with an 
expected increase of disease burden in the near 
future, mostly in older population3.
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Natural history of COPD is characterized 
by a progressive decline in pulmonary func-
tion and recurrent exacerbations4, requiring 
frequent hospital admissions in medical ward. 
Short and long-term mortality after an acute 
exacerbation of COPD is not negligible. Pre-
vious studies have identified a number of in-
dependent predictors of in-hospital mortality 
in these patients, such as older age, need of 
long-term home oxygen therapy, non-invasive 
mechanical ventilation, high Charlson Index, 
and renal failure5-9. Unfortunately, information 
on clinical history and on potential risk factors 
for poor outcome in these patients came main-
ly from single center studies with a limited 
sample. Furthermore, information on hospital 
admission databases is limited and rather old 
and data regarding short-term prognosis and 
in-hospital management of acute exacerbation 
of COPD in Italian hospitals are lacking. 

Thus, using data from the comprehensive hos-
pital discharge database derived from all Italian 
hospitals, we provide information on the rate of 
hospitalization, in-hospital mortality and on po-
tential predictors of poor outcome in a very large 
cohort of patients hospitalized for acute exacer-
bation of COPD. Furthermore, as a secondary 
endpoint, we tried to identify potential differenc-
es in terms of in-hospital mortality and length of 
hospitalization in different Italian regional health 
care systems.

Patients and Methods

Patient Selection and Eligibility
The study was conducted in adherence to 

the Declaration of Helsinki. Information about 
all hospital admission for acute exacerbation of 
COPD between January 1, 2012 and December 
31, 2014 in all Italian regions (mean population 
2012-2014: 60,187,602) was obtained from the 
hospital discharge database provided by Health 
Care Ministry.

Patients with acute exacerbation of COPD 
were identified using the 491.21 and 491.22 Inter-
national Classification of Disease, 9th Revision, 
Clinical Modification (ICD-9-CM) codes. Only 
patients with a primary or secondary discharge 
diagnosis corresponding to the selected codes 
were included.

For each patient the following variables were 
available: gender, age (in categories), marital sta-
tus, educational level, date of hospital admission, 

resident ZIP code and Hospital ZIP code, de-
partment of discharge, health status at discharge, 
duration of hospitalization (in days), primary and 
up to five secondary discharge diagnoses, and 
in-hospital diagnostic procedures primary and up 
to four secondary procedure codes.

Patients with concomitant pneumonia were iden-
tified using the ICD-9 diagnostic codes 480-486.

Patients who used mechanical ventilation 
during hospitalization were identified collecting 
all incident cases with one of 5 procedure codes 
equal to 93.90-93.91 (for non-invasive mechanical 
ventilation) or to 96.70-96.71-96.72 (for invasive 
mechanical ventilation), according to ICD-9.

Patient name, address or other potential identi-
fiers were not reported in the database to comply 
with the national privacy law dispositions. An ad 
hoc developed identification number was used 
for each patient, allowing us to identify repetitive 
hospital admission.

Using the same database, we identified patients 
with hospital admission for acute exacerbation of 
COPD in the previous 12 months. Since we did 
not have information before January 1, 2012, we 
excluded all the events occurred during the first 
year of observation (2012) and we focused our 
analysis on patients admitted to hospital between 
January 1, 2013 and December 31, 2014. Finally, 
patients admitted to one hospital and then trans-
ferred to another without discharge were counted 
as a single event (with the date of hospitalization 
referring to the admission hospital and the final 
diagnosis made by the discharging hospital).

Co-Morbidity Index
The overall comorbid status of each patient 

was assessed using the Charlson Comorbidity 
Index (CCI), which is a summation score based 
on 17 medical conditions with varying assigned 
weights (non-age adjusted). In this setting we 
excluded acute COPD codes in the calculation of 
CCI. A value of 0 indicates no comorbidity, while 
higher values represent an increasing comorbidi-
ty illnesses burden. A score of 1 is given to each 
of the following conditions: myocardial infarc-
tion, cardiac failure, peripheral vascular disease, 
cerebrovascular disease, peptic ulcer disease, 
mild liver disease, and diabetes (without organ 
damage); a score of 2 for hemiplegia, moderate to 
severe renal disease, any tumor, lymphoma, leu-
kemia, and diabetes with organ damage; a score 
of 3 for moderate to severe liver disease; and a 
score of 6 for metastatic solid tumor and acquired 
immunodeficiency syndrome.



Hospitalization and mortality for acute exacerbation of COPD: an Italian population-based study

6901

Statistical Analysis
Data were expressed as absolute numbers, 

percentage and mean with Standard Deviation 
(SD) and Interquartile Range (IQR, 25th and 75th 
percentile of the distribution). Annual incidence 
rates were calculated as the number of cases 
annually occurring in the study period, divided 
by the number of total Italian inhabitants (using 
data on total Italian population provided by the 
National Institute of Statistics). Data on in-hos-
pital case fatality rate (CFR) and median length 
of hospitalization were provided. CFR was cal-
culated as the proportion of fatal cases (patients 
who died during hospitalization) on the total of 
incident cases.

To assess the burden of hospitalization for 
acute exacerbation of COPD, we calculated the 
proportion of hospital admissions for this disease 
on the total number of hospital admissions during 
the same study period (2013-2014). Furthermore, 
data on the rate between total days of hospital-
ization for exacerbation of COPD and the whole 
number of days of hospitalization for all causes 
in Italy were provided. Subsequently, we repeated 
all these analyses providing results obtained in 
the 20 Italian regions.

The prevalence of concomitant diseases and of 
potential risk factors in patients who died during 
hospitalization and in patients who were dis-
charged alive was compared by means of the Chi-
square test. For these comparisons, data on the 
whole population and separate data for patients 
treated or not treated with mechanical ventila-
tion (invasive and non-invasive) were provided. 
The difference in distribution of hospitalization 
length between mechanical and not mechanical 
ventilation groups was tested using Wilcoxon 
rank sum test. 

Univariate and multivariate logistic regres-
sion model was applied to assess the influence 
of hospitalization features on the in-hospital 
mortality.

The following risk factors were considered 
in the logistic models: gender (male vs. female), 
age (≥65 vs. <65 years old), discharge volume 
(high vs. low), concomitant presence of pneu-
monia, hospitalization for COPD exacerbation 
in the previous 12 months (yes vs. no), Charl-
son Comorbidity Index. Discharge volume for 
COPD, calculated for each Italian region, was 
defined as high if the number of hospitaliza-
tions was equal to or greater than the median 
number of national discharges for COPD in the 
study period.

Odds Ratios (ORs) and the corresponding 95% 
Confidence Intervals (95% CI) were presented for 
all the statistically significant variables. 

A two-tailed p < 0.05 was considered signif-
icant for all the analyses. Analyses were per-
formed using the Statistical Analysis System 
(Version 9.4, SAS Institute Inc, Cary, NC, USA) 
and maps were drawn using Target MAP (www.
targetmap.com). 

Results

During the period of observation (2013-2014), 
a total of 170.684 patients were hospitalized for 
an acute exacerbation of COPD. Baseline char-
acteristics, risk factors and CCI of this group are 
described in Table I. Briefly, 59.1% of patients 
were men, 88.5% were > 65 years old and 7.1% 
had a hospitalization for acute exacerbation of 
COPD in the previous 12 months. Mean CCI 
was 0.65 (SD 1.02) and 2229 patients had a CCI 
> 4. Median length of hospitalization was 8 days 
(IQR 7 days) and mean in-hospital mortality was 
5.30%. These figures correspond to the 4.1% of 
all hospitalization and to the 2.8% of all the days 
of hospitalization in Italy during the study period.

Case fatality rate and length of hospitalization 
varied among different regions ranging from 3.13 
to 7.59% and from 7 to 9 days respectively, as 
shown in Table II and Figure 1.

Mechanical ventilation (invasive and non-in-
vasive) was performed in 13369 patients (7.83% 
of the whole sample). In hospital mortality and 
median length of hospitalization were signifi-
cantly higher in this subgroup of patients (21% 
vs. 4% and 11 vs. 8 days; p<0.001 for both com-
parisons).

In the whole sample, old age, male gender, 
low discharge volume, previous hospitalization 
for COPD exacerbation, concomitant pneumo-
nia and CCI were significantly associated with 
an increased risk of in-hospital mortality at the 
univariate analysis. In particular, case fatality 
rate increased from 4.8% in patients with CCI 
= 0 to 7.2% in patients with CCI > 1 (p<0.001). 
At the multivariate analysis, all these variables 
but pneumonia remained significantly associated 
with in hospital mortality (Table III). 

When we separately considered patients treat-
ed or not treated with mechanical ventilation (in-
vasive and non-invasive) all these risk factors re-
sulted significantly associated with an increased 
risk of in-hospital mortality at univariate and at 



6902

Table I. Demographic features and risk factors distribution in the entire sample and by discharge type. Hospital discharge 2013-2014.

	 			    					    With ventilation			   			  Without ventilation

			           	Type of discharge			        	Type of discharge			      	Type of discharge

		  Entire	             Alive		              Death			               Alive		              Death			                 Alive		              Death
		  sample											         
		  N	 N	 %	 N	 %	 p-value^	 N	 %	 N	 %	 p-value^	 N	 %	 N	 %	 p-value^

Gender	 Female	   69971	   66336	 94.8	 3635	 5.2	 0.11	 4493	 80.2	 1112	 19.8	 0.0014	   61843	 96.1	 2523	 3.9	 0.18
	 Male	 100713	   95303	 94.6	 5410	 5.4		  5710	 77.9	 1625	 22.2		  89593	 96.0	 3785	 4.0	

Age (years)	 < 65	   19580	   19243	 98.3	   337	 1.7	 < 0.0001	 1659	 88.5	   216	 11.5	 < 0.0001	   17584	 99.3	   121	 0.7	 < 0.0001
	 65-74	   37631	   36507	 97.0	 1124	 3.0		  3056	 84.3	   571	 15.7		    33451	 98.4	   553	 1.6	
	 > 75	 113473	 105889	 93.3	 7584	 6.7		  5488	 73.8	 1950	 26.2		  100401	 94.7	 5634	 5.3	

Discharge Volume§	 < 965	   37168	   34894	 93.9	 2274	 6.1	 < 0.0001	 2085	 75.8	   666	 24.2	 < 0.0001	   32809	 95.3	 1608	 4.7	 < 0.0001
	 > 965	 133516	 126745	 94.9	 6771	 5.1		  8118	 79.7	 2071	 20.3		  118627	   6.2	 4700	 3.8	

Recurrence*	 No	 158565	 150527	 94.9	 8038	 5.1	 < 0.0001	 9307	 79.1	 2457	 20.9	 0.02	 141220	 96.2	 5581	 3.8	 < 0.0001
	 Yes	   12119	   11112	 91.7	 1007	 8.3		    896	 76.2	   280	 23.8		    10216	 93.4	   727	 6.6

Charlson Index	 0	   99553	   95239	 95.5	 4314	 4.5	 < 0.0001	 6553	 81.3	 1510	 18.7	 < 0.0001	   88686	 96.9	 2804	 3.1	 < 0.0001
	 1	   45240	   42320	 93.6	 2920	 6.4		  2596	 76.9	   779	   3.1		    39274	 94.9	 2141	 5.1	
	 2	   17060	   15893	 93.2	 1167	 6.8		    708	 70.0	   303	 30.0		    15185	 94.6	   864	 5.4	
	 3	     6602	     6125	 93.2	   477	 6.8		    286	 73.0	   106	 27.0		    5839	 94.0	   371	 6.0	
	 > 4	     2229	     2062	 93.2	   167	 6.8		      60	 60.6	     39	 40.0		    2002	 94.0	   128	 6.0	

*Previous COPD hospitalization in the previous 12 months. §Dichotomized at the median number of national discharge for COPD in the study period. ^Chi-square test.
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multivariate analyses. However, in patients not 
treated with mechanical ventilation, the strength 
of association among in-hospital mortality and 
older age, as well as previous hospitalization for 
COPD exacerbation appeared higher.

Discussion

Using our large administrative database, we 
showed that acute exacerbation of COPD is ex-
tremely frequent in Italy accounting for 4.1% of 

Table II. In hospital case fatality and length of hospitalization for COPD. Hospital discharge 2013-2014.

			                              Death		                      Days of hospitalization

	 Region	 COPD	 N	 % 	 Mean	 SD

Piemonte	 12312	 896	 7.28	 11.05	 8.90
Valle d’Aosta	 674	 30	 4.45	 11.28	 8.54
Lombardia	 24632	 1330	 5.40	 10.61	 6.83
Trentino A. A.	 3000	 123	 4.10	 10.42	 6.91
Veneto	 11166	 739	 6.62	 11.24	 8.23
Friuli V. G.	 4412	 335	 7.59	 10.73	 8.92
Liguria	 5770	 380	 6.59	 10.32	 8.90
Emilia-Romagna	 19893	 1162	 5.84	 10.00	 9.23
Toscana	 12714	 699	 5.50	 8.22	 6.10
Umbria	 3534	 180	 5.09	 9.52	 7.98
Marche	 4388	 253	 5.77	 10.64	 7.88
Lazio	 11676	 703	 6.02	 10.07	 7.86
Abruzzo	 3593	 199	 5.54	 9.94	 7.43
Molise	 733	 40	 5.46	 9.89	 6.65
Campania	 14988	 680	 4.54	 8.84	 7.39
Puglia	 14499	 454	 3.13	 9.93	 7.83
Basilicata	 2435	 96	 3.94	 8.46	 6.29
Calabria	 4941	 169	 3.42	 9.74	 7.65
Sicilia	 10624	 372	 3.50	 9.27	 10.60
Sardegna	 4700	 205	 4.36	 8.79	 7.01
Italy	 170684	 9045	 5.30	 9.95	 8.69

Figure 1. Case fatality rate (on the left) and days of hospitalization (on the right) among Italian regions.
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Table III. Mortality for COPD - univariate and multivariate logistic regression models, overall and stratified for mechanical ventilation. Hospital discharge 2013-2014.

				                                      Univariate	  			                         Multivariate

						                            Overall		                   With ventilation	                Ventilation

		  N	 Death	 OR	 CI 95%	 OR	 CI 95%	 OR	 CI 95%	 OR	 CI 95%

Gender	 Female	   69971	 3635	 1.00	 Ref	 1.00	 Ref	 1.00	 Ref	 1.00	 Ref
	 Male	 100713	 5410	 1.04	 0.99-1.08	 1.07	 1.03-1.12	 1.18	 1.09-1.29	 1.09	 1.03-1.14

Age (years)	 < 65 	   19580	   337	 1.00	 Ref	 1.00	 Ref	 1.00	 Ref	 1.00	 Ref
	 65-74	   37631	 1124	 1.76	 1.56-1.99	 1.68	 1.48-1.90	 1.39	 1.17-1.64	 2.26	 1.86-2.76
	 > 75 	 113473	 7584	 4.09	 3.66-4.57	 3.76	 3.37-4.20	 2.60	 2.24-3.03	 7.33	 6.11-8.72

Discharge Volume§	 < 965	   37168	 2274	 1.00	 Ref	 1.00	 Ref	 1.00	 Ref	 1.00	 Ref
	 > 965	 133516	 6771	 0.82	 0.78-0.86	 0.85	 0.81-0.89	 0.82	 0.74-0.91	 0.84	 0.79-0.89

Recurrence*	 No	 158565	 8038	 1.00	 Ref	 1.00	 Ref	 1.00	 Ref	 1.00	 Ref
	 Yes	   12119	 1007	 1.70	 1.59-1.82	 1.70	 1.59-1.83	 1.19	 1.03-1.37	 1.81	 1.67-1.96

Charlson Index	 0	   99553	 4314	 1.00	 Ref	 1.00	 Ref	 1.00	 Ref	 1.00	 Ref
	 1	   45240	 2920	 1.52	 1.45-1.60	 1.35	 1.29-1.42	 1.19	 1.07-1.31	 1.46	 1.38-1.55
	 2	   17060	 1167	 1.62	 1.52-1.73	 1.41	 1.32-1.51	 1.61	 1.39-1.87	 1.52	 1.40-1.64
	 3	     6602	   477	 1.72	 1.56-1.90	 1.43	 1.29-1.58	 1.40	 1.11-1.77	 1.59	 1.42-1.78
	 > 4	     2229	   167	 1.79	 1.52-2.10	 1.73	 1.47-2.03	 2.89	 1.91-4.37	 1.94	 1.61-2.33

*Previous COPD hospitalization in the previous 12 months. §Dichotomized at the median number of national discharges for COPD in the study period.
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all hospitalizations and for 2.8% of all days of 
hospitalization in Italy, during the study period. 
In-hospital mortality of this disease is still high 
with a case fatality rate of 5.30% and a mean 
length of hospitalization was not negligible, ap-
proaching 10 days. Clinical presentation is more 
demanding in a minority of patients with 7.83% 
only of the whole sample treated with mechanical 
ventilation. As expected, this latter group has 
a worse prognosis in terms of in-hospital mor-
tality and length of hospitalization. In-hospital 
or 30 days mortality of patients hospitalized 
for an acute exacerbation of COPD in previous 
studies ranged for 1 to 32%10-15. The reasons 
for these discrepancies include small sample of 
original studies, different setting of evaluation 
(e.g., emergency department vs. medical wards) 
and, probably, differences in health care orga-
nizations. Only a few studies12,16 provided infor-
mation on short-term prognosis of these patients 
using nationwide health care databases. Patil et 
al12 evaluated 71130 patients > 40 years with an 
acute exacerbation of COPD at hospital discharge 
using a data set of all hospitalizations occurred in 
1996 from a 20% sample of nonfederal US hospi-
tals. In-hospital mortality was 2.8% with similar 
findings among different hospital regions. More 
recently, Ho et al16 performed a population-based 
cohort study on 4204 COPD patients with their 
first-ever exacerbation requiring hospitalization 
in Taiwan between January 2005 and December 
2007 reporting that 175 patients died during hos-
pitalization for a case fatality rate of about 4%. 

In comparison to previous studies, short-term 
prognosis of patients included in our study did not 
seem improved, appearing perhaps even worse 
despite improvement in diagnostic techniques 
and in the management of this disease.

Population aging and presence of comorbidities 
may explain these peculiar results. Indeed, about 
two third of patients included in our study were 
over 75 years old, with comorbidities and poly-
pharmacy that could negatively impact in-hospi-
tal mortality and length of hospital stay17.

Previous studies5-9 identified several risk fac-
tors for in-hospital mortality, in order to better 
define COPD severity, including some risk fac-
tors related to patient demographics, to comorbid-
ities or to physiological variables, like impaired 
oxygenation or hypercapnia. However, many of 
these variables were evaluated in a limited num-
ber of studies and many studies (frequently with 
a limited sample) assessed only a small number of 
potential risk factors.

Thus, for most of these factors, their inde-
pendent role in predicting short-term mortality 
remains to be established. Furthermore, some of 
these factors are not readily available making their 
extensive evaluation in clinical practice difficult. 
Only a few studies have evaluated the prognostic 
role of clinical prediction rules in this setting18-21.

Although results are promising, they require ad-
ditional validation before they can be implemented 
in clinical practice. Moreover, their accuracy is not 
fully satisfying, and many established prognostic 
factors are not included in these prediction rules. 

Nevertheless, our study confirms the prog-
nostic role of a series of readily available risk 
factors, including older age, male sex, previous 
hospitalization for COPD exacerbation and CCI, 
providing an accurate estimate of their impact on 
in-hospital mortality thanks to the evaluation of 
an extremely large sample of patients. Low dis-
charge volume has been only rarely evaluated in 
this setting and our results emphasize the import-
ant role of clinical experience in the management 
of this disease. Surprisingly, conversely to other 
recent studies22,23, in our large cohort concomitant 
pneumonia did not appear to be associated with 
an increased risk of in-hospital mortality. Disease 
under codification (only 3.5% of the whole sam-
ple) and a more prominent role of other comor-
bities may contribute to explain this odd result.

Separately evaluating patients treated with me-
chanical ventilation allowed us to provide infor-
mation on the different role of prognostic risk 
factors in patients with different clinical presen-
tations. Although, stratified analysis leads to the 
same risk factors in both groups (with and with-
out mechanical ventilation), a different intensity 
of association is observed for some parameters. 
Indeed, in patients not treated with mechanical 
ventilation, older age and previous hospitalization 
for COPD exacerbation appeared more strongly 
associated with in-hospital mortality. Residual 
pulmonary function may be more deeply jeopar-
dized in these patients and conservative treatment 
may be less effective during COPD exacerbation. 
Furthermore, older patients may be less likely 
treated with mechanical ventilation even if se-
verely ill for the attending physician’s choice to 
avoid any form of therapeutic persecution or, 
more simply, for patients’ refusal.

Notably, in hospital mortality and length of 
hospitalization were quite different among dif-
ferent regions ranging from 3.13 to 7.59% and 
from 7 to 9 days respectively. Considering the 
irregular distribution in different Italian regions, 
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these results may be more reasonably explained 
by regional differences in the rate of hospitaliza-
tion or in the ambulatory management of patients 
with acute exacerbation of COPD rather than by 
the existence of macroscopic differences in the 
treatment of these patients. However, our find-
ings may be useful, as a first step to differentiate 
health care policies on COPD patients in our 
country.

There are strengths and limitations in this 
study that need to be acknowledged. Strengths in-
clude the very large sample of patients with acute 
exacerbation of COPD that enabled us to provide 
an accurate estimate of the hospitalization rate, 
of the in-hospital mortality and of potential bad 
outcome predictors of this disease. The main lim-
itation is intrinsic to the use of ICD-9-CM diag-
nosis codes, which may have a low sensitivity and 
specificity in identifying patients hospitalized 
for acute exacerbation of COPD. However, only 
patients with first or second diagnostic codes of 
COPD were selected to avoid potential false posi-
tive diagnoses of this disease. Moreover, previous 
studies have demonstrated a good accuracy of 
discharge codes and, in particular, of these codes 
for the identification of patients with objectively 
confirmed acute exacerbation of COPD24,25. 

Conclusions

Our study results on such a large sample of 
patients confirm that hospitalization for COPD 
acute exacerbation is extremely frequent among 
Italian current population. Hospitalization for 
this disease is clinically demanding with a not 
negligible short-term mortality rate and a mean 
hospitalization length approaching 10 days. Older 
age, male sex, previous hospitalization for COPD 
exacerbation and CCI were independent predic-
tors of in-hospital mortality. In-hospital mortality 
and length of hospitalization were quite different 
in Italian regions. These latter findings should be 
further analyzed to set up appropriate health care 
policies on COPD patients in our country.

Conflict of Interest
None of authors has served as a speaker, a consultant and an 
advisory board member for, or has received research fund-
ing from any organizations. None of authors is an employ-
ee of some organization. None of authors owns stocks and 
shares in organization with some conflicting interest with 
this particular issue. None of authors owns patent.

Funding Acknowledgments 
This study was not funded by any grant support. The prepa-
ration of this paper was funded in full by FADOI Research 
Centre as part of FADOI Foundation.

References

  1)	 Mathers CD, Loncar D. Projections of global mor-
tality and burden of disease from 2002 to 2030. 
PLoS Med 2006; 3: e442.

  2)	 López-Campos JL, Ruiz-Ramos M, Soriano JB. Mortal-
ity trends in chronic obstructive pulmonary dis-
ease in Europe, 1994-2010: a join point regres-
sion analysis. Lancet Respir Med 2014; 2: 54-62. 

  3)	 Ferkol T, Schraufnagel D. The global burden of re-
spiratory disease. Ann Am Thorac Soc 2014; 11: 
404-406.

  4)	 Global initiative for chronic obstructive lung dis-
eases – GOLD 2017 Report.

  5)	 Ankjærgaard KL, Rasmussen DB, Schwaner SH, An-
dreassen HF, Hansen EF, Wilcke JT. COPD: mortality 
and readmissions in relation to number of admis-
sions with noninvasive ventilation. COPD 2017; 
14: 30-36. 

  6)	 Hartl S, Lopez-Campos JL, Pozo-Rodriguez F, Cas-
tro-Acosta A, Studnicka M, Kaiser B, Roberts CM. 
Risk of death and readmission of hospital-admit-
ted COPD exacerbations: European COPD Audit. 
Eur Respir J 2016; 47: 113-121. 

  7)	 Molinari N, Briand C, Vachier I, Malafaye N, Aubas 
P, Georgescu V, Roche N, Chanez P, Bourdin A. Hos-
pitalizations for COPD exacerbations: trends and 
determinants of death. COPD 2015; 12: 621-627. 

  8)	 Pan W, Yu J, Zhang L, Yang H, Yuan Y. Predictors 
of in-hospital mortality in patients with acute ex-
acerbation of COPD requiring ventilation: a retro-
spective study. Int J Clin Exp Med 2016; 9: 22093-
22101. 

  9)	 Cheng Y, Borrego ME, Frost FJ, Petersen H, Raisch 
DW. Predictors for mortality in hospitalized pa-
tients with chronic obstructive pulmonary dis-
ease. SpringerPlus 2014; 3: 359. 

10)	 Fuso L, Incalzi RA, Pistelli R, Muzzolon R, Valente 
S, Pagliari G, Gliozzi F, Ciappi G. Predicting mortal-
ity of patients hospitalized for acutely exacerba-
tion chronic obstructive pulmonary disease. Am J 
Med 1995; 98: 272-277. 

11)	 Almagro P, Calbo E, Ochoa de Echaguen A, Barreiro B, 
Quintana S, Heredia JL, Garau J. Mortality after hospi-
talization for COPD. Chest 2002; 121: 1441-1448. 

12)	 Patil SP, Krishnan JA, Lechtzin N, Diette GB. In-hos-
pital mortality following acute exacerbations of 
chronic obstructive pulmonary disease. Arch In-
tern Med 2003; 163: 1180-1186. 

13)	 Cydulka R, McFadden ER Jr, Emerman CL, Sivinski LD, 
Pisanelli W, Rimm AA. Patterns of hospitalization in 
elderly patients with asthma and chronic obstruc-
tive pulmonary disease. Am J Respir Crit Care 
Med 1997; 156: 1807-1812. 



Hospitalization and mortality for acute exacerbation of COPD: an Italian population-based study

6907

14)	 Seneff MG, Wagner DP, Wagner RP, Zimmerman JE, 
Knaus WA. Hospital and 1-year survival of patients 
admitted to intensive care exacerbation of chronic 
obstructive pulmonary disease. JAMA 1995; 274: 
1852-1857. 

15)	 Bustamante-Fermosel A, De Miguel-Yanes JM, Duf-
fort-Falcó M, Muñoz J. Mortality-related factors 
after hospitalization for acute exacerbation of 
chronic obstructive pulmonary disease: the bur-
den of clinical features. Am J Emerg Med 2007; 
25: 515-522. 

16)	 Ho TW, Tsai YJ, Ruan SY, Huang CT, Lai F, Yu CJ; 
The HINT Study Group. In-hospital and one-year 
mortality and their predictors in patients hospi-
talized for first-ever chronic obstructive pulmo-
nary disease exacerbations: a nationwide popu-
lation-based study. PLoS One 9: e114866. 

17)	 Nobili A, Licata G, Salerno F, Pasina L, Tettamanti M, 
Franchi C, De Vittorio C, Marengoni A, Corrao S, 
Iorio A, Marcucci M, Mannucci PM, on behalf of SI-
MI investigators. Polypharmacy, length of hospital 
stay, and in-hospital mortality among elderly pa-
tients in internal medicine wards. The REPOSI 
study. Eur J Clin Pharmacol 2011; 67: 507-519. 

18)	 Chang CL, Sullivan GD, Karalus NC, Mills GD, Mc-
Lachlan JD, Hancox RJ. Predicting early mortality 
in acute exacerbation of chronic obstructive pul-
monary disease using the CURB65 score. Respi-
rology 2011; 16: 146-151. 

19)	 Steer J, Norman EM, Afolabi OA, Gibson GJ, Bourke 
SC. Dyspnoea severity and pneumonia as predic-
tors of in-hospital mortality and early readmission 
in acute exacerbations of COPD. Thorax 2012; 
67: 117-121. 

20)	 Tabak YP, Sun X, Johannes RS, Gupta V, Shorr AF. 
Mortality and need for mechanical ventilation in 
acute exacerbations of chronic obstructive pul-
monary disease: development and validation of 
a simple risk score. Arch Intern Med 2009; 169: 
1595-1602. 

21)	 Shorr AF, Sun X, Johannes RS, Yaitanes A, Tabak YP. 
Validation of a novel risk score for severity of ill-
ness in acute exacerbations of COPD. Chest 
2011; 140: 1177-1183. 

22)	 Roca, B., Almagro, P., López F, Cabrera FJ, Montero 
L, Morchón D. Factors associated with mortality 
in patients with exacerbation of chronic obstruc-
tive pulmonary disease hospitalized in General 
Medicine departments. Intern Emerg Med 2011; 
6: 47-54. 

23)	 Chalmers JD, Singanayagam A, Akram AR, Mandal 
P, Short PM, Choudhury G, Wood V, Hill AT. Se-
verity assessment tools for predicting mortality 
in hospitalised patients with community acquired 
pneumonia: systematic review and meta-analy-
sis. Thorax 2010; 65: 878-883. 

24)	 Connors AF Jr, Dawson NV, Thomas C, Harrell FE 
Jr, Desbiens N, Fulkerson WJ, Kussin P, Bellamy P, 
Goldman L, Knaus WA. Outcomes following acute 
exacerbation of severe chronic obstructive lung 
disease: the SUPPORT investigators (study to 
understand prognoses and preferences for out-
comes and risks of treatments). Am J Respir Crit 
Care Med 1996; 154: 959-967. 

25)	 Wang MT, Lo YW, Tsai CL, Chang LC, Malone DC, 
Chu CL, Liou JT. Statin use and risk of COPD ex-
acerbation requiring hospitalization. Am J Med 
2013; 126: 598-606.


