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A B S T R A C T

Background: Patients with Chronic Obstructive Pulmonary Disease (COPD) may suffer episodes of exacerbation
(ECOPD) that require hospitalization and worsen their health status, and prognosis. We hypothesized that a
detailed interrogation of health-care “big data” databases can provide valuable information to better understand
the risk factors and outcomes of these episodes.
Material and methods: We interrogated four databases of the Catalan health-care system (> 8,000,000 registries)
to identify patients hospitalized because of ECOPD for the first time (index event) between 2010 and 2012.
Analysis was carried forward since the index event until the end of 2014 or the death of the patient. The two
years that preceded the index event were also investigated.
Results: We identified 17,555 patients, (≥50 years of age) hospitalized because of ECOPD (ICD9 v.9 codes at
discharge) for the first time between 2010 and 2012. In this population we observed that: (1) 23% of patients die
within a year after being discharged from their first ECOPD hospitalization; (2) in the remaining patients, all-
cause mortality was related to the number of re-hospitalizations, particularly with early (< 30 days) read-
missions; (3) despite this being a ‘respiratory’ cohort, prescription and dispensation of drugs for cardiovascular
diseases was higher than for obstructive airway diseases; and, finally, (4) lower winter ambient temperatures are
associated with hospital admissions for ECOPD particularly in early re-admitters.
Conclusions: Overall these results indicate under appreciation of the burden of COPD in patients hospitalized for
the first time because ECOPD.

1. Introduction

Patients with Chronic Obstructive Pulmonary Disease (COPD) often
suffer episodes of exacerbation of their disease (ECOPD) that impact
negatively their health-status and prognosis [1]. Some of these episodes
require hospitalization, and a proportion of them early readmission
after hospital discharge [2,3]. The cost associated with ECOPD hospi-
talization events constitutes the major share of the total cost of COPD
care [4]. A better understanding of the determinants and outcomes of
ECOPD hospitalizations (and re-hospitalizations) has the potential to
facilitate the identification of patients at risk and, eventually, prevent
or reduce re-hospitalizations, hence lowering the economic toll that
these episodes impose on the health-care system [1].

A vast amount of health-care related information (often referred to
as “big-data”) is currently digitized, stored in administrative databases
and available for analysis that converts information into knowledge
[5,6]. We hypothesized that a detailed interrogation of health-care
(“big data”) databases can provide valuable information to better un-
derstand the risk factors (age, gender, co-morbidities, drug treatments,
weather conditions) and outcomes (mortality, readmissions) of patients
requiring hospitalization because of ECOPD for the first time.
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2. Material and methods

2.1. Sources of information

We interrogated four administrative databases in Catalunya, Spain:
(1) the Hospital discharge database (CMBD-HA), which has information
on ECOPD hospitalizations events since 2005; (2) the Pharmaceutics
Activity Registry, with information on the number and type of drug
dispensations until level 5 of the Anatomical Therapeutic Chemical
(ATC) Classification System. For this analysis, we focused on drugs
dispensed for obstructive airway diseases (R03) and the cardiovascular
system (C) since these diseases often co-occur in the same patients and
may be difficult to dissect clinically [4]; (3) the Population Registry
(RCA), with information on the vital/mortality status of the population;
and, (4) the Servei Meteorològic de Catalunya database, which collects
weather information in Catalonia. In this analysis we focused on the
metropolitan area of the city of Barcelona.

2.2. Patients

After analyzing more than 8,000,000 registries in these four data-
bases we identified 17,555 COPD patients in CMBD-HA who: (1) were
diagnosed of COPD according the ICD9 v9 diagnostic codes (Table S1);
(2) were hospitalized for the first time because of ECOPD (index event)

between 2010 and 2012 (albeit they might have been hospitalized
before (since 2005) for other causes); and, (3) were 50 years of age (or
older) at the index event (Fig. S1).

2.3. Data analysis

Analysis was carried forward since the index event (first hospitali-
zation because ECOPD) until the end of 2014 or the death of the pa-
tient, whatever occurred first (patients with unregistered death date
were excluded from analysis). We also investigated registries from the
two years that preceded the index event.

2.3.1. Patient stratification
Following clinical reasoning, we decided a priori to stratify the pa-

tients included in the analysis in four operational categories: (1)
Fragile COPD: patients who died during the first 12 months after the
index event; (2) Non-readmitters: patients who were not hospitalized
again during follow-up and were alive during, at least, the first 12
months; (3) Readmitters: patients hospitalized because of ECOPD at
least once more during follow-up, but never before 30 days after dis-
charge, and were alive during, at least, the first 12 months after the
index event; and, finally, (4) Early readmitters: patients who were
hospitalized because of ECOPD at least once more during follow-up
after the index event but, in at least one of these occasions, this

Table 1
Main characteristics of the entire cohort (all patients) and four subgroups studied. The main discriminant characteristic of each group is coloured to facilitate identification.

All patients Fragile COPD Non-
readmitters Re-admitters Early 

readmitters p value

Number of patients (%) 17,555 (100%) 4,058 (23%) 8,021 (46%) 3,993 (23%) 1,483 (8%)
AT INDEX HOSPITALIZATION
Age, yrs. 75.99 ± 10.05 80.45 ± 9.19* 74.43 ± 10.24 75.15 ± 9.52 74.50 ± 9.08 <0.001
Males , % 70% 74% 66% 73% 79% <0.001
Charlson Comorbidity Index (CCI) 5.05 ± 2.45 6.41 ± 2.54* 4.51 ± 2.27 4.83 ± 2.27 4.87 ± 2.24 <0.001

Myocardial infarction 7% 9% 6% 7% 7% <0.001
Congestive Heart failure 21% 31% 16% 19% 19% <0.001

COPD 50% 61% 41% 54% 60% <0.001
Length of hospital stay, days 6.60 ± 6.19 7.86 ± 7.95* 6.10 ± 5.32 6.41 ± 5.93 6.32 ± 5.30 <0.001

% hospitalizations October – March 62% 60% 63% 61% 64%

BEFORE INDEX HOSPITALIZATION

Number of previous 
hospitalizations/patient (not due to 
ECOPD)

2.16 ± 2.60 2.91 ± 3.03* 1.78 ± 2.33 2.10 ± 2.49 2.24 ± 2.62

<0.001

Medications (MPR)
for obstructive airway diseases (R03) 1.16 ± 1.20 1.13 ± 1.18* 0.95 ± 1.09* 1.41 ± 1.26* 1.69 ± 1.36* <0.001

for the cardiovascular system (C) 2.24 ± 2.19 2.39 ± 2.14* 2.20 ± 2.18 2.24 ± 2.25 2.10 ± 2.18 <0.001
DURING FOLLOW-UP
Number hospitalizations/patient 

Any cause (including ECOPD) 2.50 ± 3.00 1.35 ± 1.59* 1.58 ± 2.14* 3.97 ± 2.89* 6.62 ± 4.58* <0.001
Due to ECOPD 0.81 ±1.64 0.36 ± 0.82* 0.00 ± 0.00* 1.66 ± 1.08* 4.06 ± 3.15* <0.001

% hospitalizations October – March, 
Due to ECOPD 61% 58% - 62% 61%

Due to other causes than ECOPD 54% 54% 54% 55% 54%

Mean Length of hospital stay, days
Any cause 7.76 ± 6.88 9.43 ± 9.87* 7.53 ± 6.99 7.01 ± 4.70 7.71 ± 4.43 <0.001

Due to ECOPD 7.05 ± 5.79 8.89 ± 8.29* - 6.48 ± 5.31* 7.42 ± 4.77* <0.001
Due to other causes than ECOPD 8.06 ± 7.64 9.54±10.47* 7.53 ± 6.99 7.74 ± 6.22 8.34 ± 6.99 <0.001

Charlson index (at the end of 2014 or 
death) date) 7.20 ± 2.74 8.12 ± 2.53 6.65 ± 2.70 7.32 ± 2.77 7.35 ± 2.67 <0.001

Myocardial infarction 11% 12% 10% 11% 12% <0.05
Congestive Heart failure 43% 51% 34% 48% 52% <0.001

*p < .001 vs. all the other groups in pairwise post-hoc t-test.
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occurred within the first 30 days that followed the previous discharge
and were alive during, at least, the first 12 months after the index event.

2.3.2. Statistics
Variables included in the analysis are specified in the on-line sup-

plement. Results are presented as n (proportion) or mean (± standard
deviation) as appropriate. Patient groups were compared using ANOVA
(for continuous variables, followed by post-hoc t tests if appropriate) or
Chi squared (for categorical variables) or Test of Equal or Given
Proportions for proportions. Kaplan-Meier analysis was used to assess
survival after the index admission. To identify potential predictors at
the index event of the four different groups defined a priori (see above),
we used a logistic regression model following the methodology pro-
posed by Yu et al [7], which is discussed in detail in the on-line sup-
plement. Besides, we also explored if the use of several machine
learning techniques [8] improves the predictability of outcomes in this
cohort, as detailed also in the on-line supplement. A p value < .05 was
considered statistically significant.

3. Results

3.1. Cohort characteristics

As shown in Table 1, at the index event the mean age of the po-
pulation studied (n= 17,555) was 76 years, 70% of patients were
males and their mean CCI was 5.05 ± 2.45. Before the index event
(first hospitalization because of ECOPD), patients had already required

2.16 ± 2.6 hospitalizations/patient (by design, due to reasons other
than ECOPD), although COPD had been previously identified as a co-
morbidity in many of them (Table 1). MPR of drugs for obstructive
airway diseases (R03) was 1.16 and that of drugs for the cardiovascular
system (C) 2.24. Sixty two per cent of index hospitalization events oc-
curred between October and March, both months included.

3.2. Stratification of patients at index event

According to the operational stratification explained in Methods,
23% of patients were classified as Fragile COPD patients, 46% as non-
readmitters, 23% as readmitters and 8% as early readmitters (Fig. 1,
panel A). To visualize the contrast between these four groups, in
Table 1 we highlighted in yellow differences of potential clinical re-
levance. At index event, Fragile COPD patients were oldest, had the
highest CCI and prevalence of cardiovascular co-morbidities (which,
interestingly, were similar in the other three groups), required more
prolonged hospitalization and had been hospitalized more often before
(for reasons other than ECOPD). Also of interest was the observation
that, like in other three groups, in Fragile COPD patients cardiovascular
drugs were dispensed much more often than drugs for obstructive re-
spiratory diseases. On the other hand, the group of non-readmitters
included the highest prevalence of females, while the group of early
readmitters showed a higher incidence of hospitalizations during
follow-up, particularly because of ECOPD (Table 1). Finally, the pro-
portion of winter hospitalizations was similar in all four groups during
follow-up.

Fig. 1. Panel A: frequency distribution of the four groups studied. Panel B: Kaplan-Meier survival of the four groups studied. Panel C: Frequency distribution of the number of days elapsed
between different ECOPD hospitalization events in readmitters and early-readmitters during follow-up. By definition, the former did not have any admission during the first 30 days that
followed hospital discharge (box). For further explanations, see text.
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3.3. Observations during follow-up

3.3.1. Mortality
Survival of the entire cohort at the end of follow-up was 40% (Fig.

S2). When it was analysed separately for each of the four groups con-
sidered above we found that (Fig. 1, panel B): (1) by design, Fragile
COPD patients (23% of the cohort) had 100% mortality within a year
after their first ECOPD hospitalization episode; and, that (2) in the
other three groups, mortality rate was lowest in non readmitters, in-
termediate in readmitters and highest in early readmitters (p < .001
for all comparisons). In each of the four groups considered, a higher
MPR quartile, this is a higher number of drugs dispensed before the
index admission, was generally associated with poorer survival both for
R03 (Fig. S3) and C (Fig. S4).

3.3.2. Hospitalizations
During follow-up (excluding the index event) patients suffered

2.50 ± 3.00 hospitalizations/patient (Table 1); the majority of them
(67%; 1.69 ± 2.23 per patient) were not due to ECOPD. Mean length
of stay (LOS) was slightly shorter in hospitalizations due to ECOPD
(7.05 ± 5.79 vs. 8.06 ± 7.64 days). The CCI at the end of the study
period increased (in survivors) from 5.05 ± 2.45 (at index event) to
7.20 ± 2.74. As shown in Fig. 2 (panel A), time between readmissions
decreased progressively in proportion to the number of admissions.

When patients were stratified as above, by design non-readmitters

patients did not have any other hospitalization event during follow-up
whereas readmitters and early-readmitters patients did (Table 1). The
most frequent cause of readmission in the latter group was ECOPD but
this was not the case in readmitters (Table 1). Mean LOS of ECOPD
related hospitalisations was lowest in readmitters (6.48 ± 5.31 days),
followed by early readmitters (7.42 ± 4.77 days) and highest in Fra-
gile COPD (8.89 ± 8.29 days) (p < .001). Fig. 1 (panel C) shows the
frequency distribution of the number of days elapsed between ECOPD
hospitalizations during follow-up in readmitters and early readmitters.
By definition, no re-admitter required early re-hospitalization (< 30
days after discharge) but, as shown by the red peak in Fig. 1 (panel C),
627 of 1506 (41.6%) new hospitalization events in early readmitters
occurred during this period. As shown in Fig. 2 (panel B), the time
elapsed between hospitalizations was always significantly lower in
early readmitters.

Fig. 3 presents the temporal (2010–2014) relationship between
daily ambient temperature and hospital admissions in the metropolitan
area of Barcelona. Both baseline and peak values were lowest in non re-
admitters, highest in early readmitters and intermediate in readmitters
(Fig. 3). As expected, temperature increased during the summer and
decreased in winter. These temperature changes did not almost influ-
ence hospitalizations in Fragile COPD (who died within the first 12
months after discharge) but clearly influenced them in the other groups
where hospital admissions for ECOPD generally (but not always)
peaked in winter (see three peaks in the summer of 2011).

3.4. Predictors of longitudinal outcomes at index event

A logistic regression model that compared Fragile patients
(n= 4.058) with the other three groups considered together
(n= 13.497) identified the following significant risk factors male
gender, older age, CCI, history of previous hospitalizations and pre-
scription of cardiovascular drugs. The model has an AUC of 0.73 (Fig. 4,
panel A) and a McFadden R2 statistic of 0.11, that indicates sub-optimal
adjustment of the model. With this caveat in mind, dominance analysis
showed that CCI (49.5%), age (36.0%) and number of previous hospi-
talizations not due to ECOPD (9.8%) were the three strongest predictors
of this group. Of note, the proportion of early re-admitters in Fragile
patients (∼10%) was similar to that of early re-admitters group. On the
other hand, a similar analysis that compared Early Readmitters
(n= 1.483) vs. Readmitters (n= 3.993), identified male gender and
use of respiratory drugs two years before the index hospitalization
event as significant predictors of early readmission, but the AUC of the
model was 0.57 (Fig. 4, panel B) and the R2 McFadden was 0.02, in-
dicating poor predictive capacity for early readmitters. Finally, the

Fig. 2. Box plot of time elapsed between hospital readmissions as a function of the number of hospitalization events in the entire cohort (Panel A) and comparing readmitters and early
readmitters (panel B). For further explanations, see text.

Fig. 3. Relationship between ambient temperature (30 days running average; blue line,
right Y axis) and mean number of hospitalizations (30 days running average number of
hospitalizations per group/number of patients per group *10.000, left Y axix) through the
duration of the study (2010–2014) in the four groups studied in the area of Barcelona. For
further explanations see text. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)
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comparison of non-readmitters (n=8.021) vs. all readmitters
n = 3.993 + 1.483) identified gender, CCI, number of previous hos-
pitalizations and use of respiratory and cardiovascular drugs at index
event as significant predictors of readmission with an AUC of 0.64
(Fig. 4, panel C) but an R2 McFadden value of was 0.05, indicating also
poor adjustment of the model.

3.5. Machine learning analysis

To investigate if different machine learning algorithms [8] can im-
prove the predictability of the logistic regression model used above, as
detailed in the on-line supplement, we compared the performance of
nine different algorithms (Logistic regression, Zero R, Support Vector
Machine (SVM), IBK, Bagging, J48, Random Forest, Naïve Bayes and
Attribute Selection) in five different dataset configurations (Original,
Balanced, Missing, Normalized and Standardized) [8]. Results (Table
S2) showed that the original logistic regression model provides the
highest AUC value (0.73) of all nine algorithms for all five different
datasets configurations explored. These results, therefore, support the
validity of the standard logistic regression model presented above.

4. Discussion

This study investigates a relevant health problem (hospitalizations
for ECOPD) from a novel perspective (‘big data analysis’) and provides
several observations of interest. The most salient ones are that: (1) a
quarter of COPD patients hospitalized for the first time because of
ECOPD die within a year of hospital discharge (Fragile COPD). These
patients are mostly old males, with frequent co-morbidities (often of
cardiovascular origin) and history of previous hospitalizations (because
reasons other than ECOPD); (2) in the remaining patients, all-cause
mortality during follow-up is tightly related to the number of re-hos-
pitalizations, particularly in early (< 30 days) readmitters; (3) despite
this being a ‘respiratory’ cohort, prescription and dispensation of drugs
for cardiovascular diseases was higher than for obstructive airway
diseases, suggesting under appreciation of COPD; and, finally, (4) the
effect of low ambient temperatures on hospital admissions for ECOPD is
greatest in early re-admitters.

4.1. Previous studies

Many previous studies have investigated risk factors for re-hospi-
talization and death in ECOPD patients [3,7,9–14]. Our study differs

from them in two important aspects. First, we studied patients at their
first hospitalization for ECOPD. Garcia-Aymerich et al used a similar
approach but in a much smaller cohort (n= 342) [15]. And, second, to
our knowledge our study is the first to define a priori four different
‘outcome trajectories’ after hospital discharge. This stratification fa-
cilitated the emergence of a significant population of patients (23%)
that died during the year that followed their first hospital admission
because of ECOPD (Fragile COPD). If mortality would have been ana-
lysed globally in the entire cohort this group would have been missed
and overall survival confounded and misinterpreted.

4.2. Interpretation of findings

Several observations of our study deserve comment. First, despite
that this cohort only includes COPD patients hospitalized for the first
time because of ECOPD, the number of previous hospitalizations (not
due to ECOPD) was remarkable (2.16 ± 2.6 per patient). This is dif-
ferent from the observation that some COPD patients present repeated
episodes of ECOPD (i.e., frequent exacerbators) [16] and probably in-
dicates a high level of frailty of the cohort studied [17].

Second, that a significant proportion (23%) of patients hospitalized
for the first time because of ECOPD die within a year (Fragile COPD)
suggests that the presence of COPD may have been under-estimated
(hence under-treated) by the attending physicians [18] and/or under-
perceived (hence under-reported) by patients [19]. Supporting this in-
terpretation is that, firstly, COPD was frequently recorded as ‘co-
morbidity’ (but never as a primary diagnosis) in previous hospitaliza-
tions and, secondly, that drugs for obstructive airway diseases were less
often prescribed in these patients than drugs for the cardiovascular
system (Table 1). The proper identification of these Fragile COPD pa-
tients would be therefore important to optimize treatment and, hope-
fully, improve their outcome. Our results indicate that, in real-life, the
profile of a “Fragile COPD patient” is that of an old male, with frequent
co-morbidities (often of cardiovascular origin) and numerous previous
hospitalizations for reasons other than COPD.

Third, older age, airflow limitation severity (not determined here),
presence of co-morbidities and previous hospital admissions (for
whatever reason, including ECOPD) are well established factors for
hospital readmission in COPD patients [3,7,12–14]. In our study we
went one step further and compared the characteristics and long-term
outcomes of three groups of patients defined a priori. We observed that:
(1) never readmitters included the highest prevalence of females (34%)
whereas most early-readmitters were males (79%) (Table 1); (2) co-

Fig. 4. Receiver Operating Curves (ROC) and Area under the Curve (AUC) for Fragile COPD patients (Panel A), Early Readmitters (Panel B) and Non-readmitters (Panel C). For further
explanations, see text.
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morbidities and previous hospitalizations were similar across these
three groups (Table 1); (3) the majority of hospitalizations during
follow up were not due to ECOPD, except in early-readmitters (Table 1),
in whom almost half of the total number of readmissions were “early”
(< 30 days after discharge); (4) as shown in Fig. 2 the time elapsed
between ECOPD readmissions during follow-up decreased in proportion
to the number of hospitalization events and was always lower in early
readmitters than in readmitters; (5) there was a clear relationship be-
tween re-hospitalizations and all-cause mortality, which is lowest in
non-readmitters, intermediate in readmitters and largest in early
readmitters.

Fourth, the proportion of early readmitters in our cohort (8%) was
lower than that usually reported in other studies (around 20%). Several
explanations can be conceived for this observation. On the one hand,
we included in our analysis only those patients hospitalized for the first
time because of ECOPD, whereas previous studies included all admis-
sions. On the other, in our analysis one patient can be classified only in
one group. Hence, Fragile patients (dead within a year from discharge)
also included patients with early readmissions (259/4058=6.4%),
who by design were not included among early readmitters. Finally,
previous studies measured the number of early readmissions episodes
whereas our analysis quantified the number of patients fulfilling being
readmitted during the first 30 days after discharge.

Finally, our study confirms that hospitalizations due to ECOPD
occur more frequently (albeit not exclusively) in the winter season
(Fig. 3), probably supporting an infectious component [20]. Yet, our
results also provide some novel observations in this regard: (1) all year
long, the baseline and peak levels of hospitalizations were highest in
early-readmitters, intermediate in readmitters and lowest in never-
readmitters; and, (2) most winters are characterized by a single, large
hospitalization peak (2010, 2012, 2013) but, sometimes (2011) this can
be substituted by several smaller but repeated peaks over the spring,
summer and autumn (Fig. 3), suggesting different aetiologies (e.g., al-
lergies).

4.3. Strengths and limitations

The large sample size and long follow-up period, combined with the
a priori stratification of patients for analysis, are clear strengths of our
study. Further, the uses of novel machine learning algorithms validate
the observations provided by more conventional statistical analysis. On
the other hand, the lack of more granular information on several im-
portant clinical features of this population, such as smoking history and
lung function, are clear limitations of our study. Likewise, given its
large sample size, p values are often statistically significant, so the in-
terpretation of differences between groups needs to be carefully ba-
lanced clinically.

4.4. Conclusions

This “big data” approximation to patients hospitalized for the first
time because of ECOPD reveals a global under appreciation and under
treatment of COPD, as shown by the existence of a significant propor-
tion (23%) of the cohort studied that die within a year of their first
hospitalization because of ECOPD, and by the fact that, despite this
being a ‘respiratory’ cohort, prescription and dispensation of drugs for
cardiovascular diseases was higher than for obstructive airway diseases.
It also shows that repeated hospitalizations, particularly those occur-
ring within the first 30 days after discharge, are associated with higher
mortality risk, that some years the winter peak of hospitalizations be-
cause of ECOPD is substituted by other smaller peaks occurring from
spring to autumn and that the effect of low ambient temperatures on
hospital admissions for ECOPD is greatest in early re-admitters.
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