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ABSTRACT
Background Evidence-based international guidelines on
chronic obstructive pulmonary disease (COPD), and their
corresponding recommendations, were established to
improve individual COPD prognosis, and ultimately to
improve survival. The aim of this study was to determine
whether the long-term mortality after discharge from
a COPD hospitalisation has improved recently, and the
effect of co-morbidity treatment in improving COPD
prognosis.
Methods In a prospective cohort study design of two
cohorts 7 years apart, patients discharged from the
same university hospital after a COPD exacerbation were
followed-up, and their outcomes compared.
Demographic and clinical variables, as well as lung
function, were collected with the same protocol by the
same investigators. Comprehensive assessments of co-
morbidities and treatments were undertaken.
KaplaneMeier survival curves were estimated, and
outcomes were compared by means of Cox regression
methods.
Results Overall, 135 participants in the 1996e7 cohort
and 181 participants in the 2003e4 cohort were studied.
Both cohorts were comparable in their baseline
demographic and clinical variables, and median follow-up
was 439 days. The 3-year mortality was lower in the
2003e4 cohort (38.7%) than in the 1996e7 cohort
(47.4%) (p¼0.017), and the RR of death after
adjustment for gender, age, body mass index, co-
morbidities, lung function and mMRC (modified Medical
Research Council scale) dyspnoea was 0.66 (95% CI
0.45 to 0.97). Long-term survival improved in the second
cohort for patients with COPD with heart failure or
cancer (p<0.001).
Conclusions A recent trend towards better prognosis of
patients with COPD after hospital discharge is described
and is likely to be associated with better management
and treatment of COPD and co-morbidities.

INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is
widely recognised as a major, and growing, cause of
mortality and morbidity worldwide.1 Currently
COPD accounts for 4.8% of global deaths, and the
WHO predicts its mortality burden will increase to
7.9% by 2030.2 Regarding prevalence, at least 1 in
10 adults is identified with COPD in population
surveys.3

COPD is currently considered a preventable and
treatable disease, in which co-morbidities play
a significant role.4 Cardiovascular disease, cancer
and other non-respiratory-related diseases occur
throughout all severity stages of COPD, and their

impact can have significant implications in the
long-term prognosis of patients with COPD.5

Until recently only smoking cessation and long-
term oxygen therapy in patients with hypoxia were
considered as improving survival in patients with
COPD. However, new evidence from trials and
meta-analyses has emerged suggesting that several
respiratory drugs may have an impact on mortal-
ity.6e10 It is not known whether these changes
modify the overall prognosis after a COPD hospi-
talisation. COPD admissions usually occur in
patients with severe disease, frequent co-morbid-
ities and a poor prognosis.11 12 Clinical insight
signalled that a better, holistic management of the
patient with COPD and conditions associated with
the illness might be related to better individual
outcomes, although to the best of our knowledge to
date there are no published studies exploring this
hypothesis.
The aimof this researchwas to determinewhether

the long-term mortality after discharge from
a COPD hospitalisation has been reduced recently,
and to learn about the effect of co-morbidity treat-
ment in improving COPD prognosis.

METHODS
This is a prospective cohort study design,
following-up patients discharged from hospital
after a COPD exacerbation that required a hospi-
talisation. The two cohorts of patients were 7 years
apart, 1996e2003. All patients were admitted to
and discharged from the Hospital Mútua de
Terrassa, a 450-bed university hospital in the city of
Terrassa, close to Barcelona, Spain.

Inclusion and exclusion criteria
Inclusion and exclusion criteria were the same for
both cohorts. Briefly, all consecutive patients
admitted for an acute exacerbation of COPD to any
medical ward at our institution during the periods
October 1996 to May 1997 and June 2003 to
September 2004 were studied. Inclusion criteria
were: (1) hospitalisation for suspected COPD
exacerbation at admission and confirmed at
discharge; and (2) forced spirometry showing
postbronchodilator forced expiratory volume in 1 s
(FEV1)/forced vital capacity (FVC) <0.7 and an
FEV1 #70% of their reference value, compatible
with COPD of at least moderate severity.
The timing of forced spirometry was different for

the two cohorts, this being the only protocol
change between them. Spirometry was conducted
on discharge in the 1996e7 cohort, while it was
conducted 1 month after discharge in the 2003e4
cohort. To avoid any potential survival bias due to
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our protocol change in the timing of spirometry, those patients
in the 2003e4 cohort who died between discharge and the
scheduled outpatient follow-up visit 1 month later were still
included, and lung function data within the previous 6 months
were used.

Exclusion criteria were a history of asthma, pneumonia or
pulmonary oedema at admission, hospitalisation for causes
other than a COPD exacerbation, bronchiectasias as predomi-
nant disease, death during hospitalisation or patient refusal to
participate in the study. In all cases, the need for hospitalisation
was decided upon by the doctors on duty in the Emergency
room. The study protocol was approved by the Hospital
Research and Ethics Committee, and all subjects gave their
written informed consent.

Measurements
Lung function was assessed in the lung function laboratory by
means of forced spirometry prebronchodilator test and post-
bronchodilator test, and reviewed by a chest physician.
Spirometry was conducted according to the Spanish SEPAR
guidelines, which mirror the American Thoracic Society
(ATS)/European Respiratory Society (ERS) guidelines, and
severity staging was assessed according to international guide-
lines.4 13 14 Measurement of arterial blood gases (partial pressure
of oxygen and carbon dioxide; PaO2 and PaCO2) at rest was made
during room air breathing, and the body mass index (BMI) was
calculated. Data on the presence of cor pulmonale, use of chronic
oxygen therapy, number of admissions for COPD in the previous
year and smoking history, as well as all demographic and clinical
information, were collected upon admission. On discharge,
arterial blood gas measurement was repeated. As detailed
elsewhere,11 the following information was collected and
questionnaires were completed the day before hospital
discharge: (1) number and names of drugs and doses per day
taken by the patient at home prior to admission; (2) dyspnoea as
assessed with the modified Medical Research Council (mMRC)
scale; (3) co-morbidities using the Charlson index15; (4) func-
tional dependence at 2 weeks prior to admission with the Katz
Activities of Daily Living Scale16; (5) residential status, as living
alone, with relatives or institutionalised; (6) marital status, as
currently married or unmarried (including those who were
divorced, separated, widowed or never married); and (7) the
presence of depression, as recorded by the Yesavage scale in its
shortened version, which has 15 yes/no questions.17 Finally,
treatments at discharge were also recorded.

Mortality data
After hospital discharge the patients were monitored by their
usual doctors, receiving no intervention or follow-up provided
by the investigators. Date and cause of death, whenever avail-
able, were collected up to 3 years after discharge. The search was
carried out by telephoning the patient or family, and/or checking
hospital records and the Mortality Register of Catalonia.18

Subjects who could not be located at follow-up and who were
not clearly identified as dead were considered as censored after
the time of last survival status assessment.

Statistical analysis
Qualitative variables are expressed in percentages, and quanti-
tative variables are summarised as mean6SD, if normality can
be assumed, or as median and IQR (25the75th percentile) to
describe time values. The bivariate and multivariate relationship
between survival time and covariates was determined with Cox
proportional hazards regression models and graphically
displayed with KaplaneMeier curves. For all survival analysis,
mortality was considered the dependent variable, and survival
time was defined as the interval between hospital discharge and
the date of death, or censored at the date of final follow-up for
survivors. CIs were calculated for the HR of significant variables.
Results were considered statistically significant at p<0.05.

RESULTS
Overall, 379 patients were screened during the two periods, and
329 were included. Six patients (4%) in the first cohort and seven
(3.7%) in the second were lost to follow-up (figure 1). Follow-up
was available for 316 subjects (296 men and 20 women); of
these, 135 participants belong to the 1996e7 cohort and 181 to
the 2003e4 cohort.
Mean age of the entire population studied was 72.1 years (SD

9.6). A total of 134 patients (42.4%) were dead 3 years after
discharge. Median follow-up was 439 days for deceased patients
(IQR 25e75%: 145e775) and 998 days (IQR 25e75%: 921e1088)
for surviving patients. Although our study design did not use any
matching criteriawhatsoever, the two cohortswere comparable in
their distribution by age, gender, co-morbidity, functional status
and number of hospitalisations or emergency consultation for
COPD exacerbation in the previous year (all p>0.05). However
the 2003e4 cohort had a lower percentage of non-smoking
patients (p¼0.02) and higher BMI (p¼0.006) (table 1). Mean
length of stay was only reduced from 13.5 to 10 days (p<0.001).

Figure 1 Flowchart (CONSORT) of
study participants. *Unable to perform
spirometry or do not fulfil minimum
spirometric requirements.

Cohort 1

(1996-1997)
Cohort 2

(2003-2004)

n=156 Screened at discharge n=223

n=10       No Spirometry*       n=26

n=3    Incomplete evaluation  n=4

n=2    Refused to participate  n=5 

n=141 Signed

Consent

n=188

n=6      Lost to follow-up      n=7 
before 3 years

n=135
Completers

n=181
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Regarding respiratory function, again the two cohorts were
similar in most variables with non-significant differences,
although the second cohort had on average more severe dysp-
noea as measured by the mMRC scale (p¼0.03) and lower PaO2

at discharge (p¼0.009), with a higher FEV1 expressed as
percentage of predicted (45.1% vs 41.4%). However, as
mentioned above, spirometry in the 2003e4 cohort was
performed 1 month after discharge while for the 1996e7 cohort
it was performed immediately before discharge (table 2). Only
three patients in the 2003e4 cohort died between discharge and
the scheduled outpatient follow-up visit 1 month later. They
were still included, and previous lung function data were used.
Interestingly, no differences were observed in the number or
distribution of specific co-morbidities by cohort (table 3). At
discharge the patients of the second cohort received more
frequent treatment with long-acting b2 agonists, tiotropium,
angiotensin II receptor antagonists, statins and antiplatelet
drugs (table 4).

The observed 3-year survival was 52.6% in the 1996e7 cohort
and 61.3% in the 2003e4 cohort; these differences were statis-

tically significant (log rank p¼0.017, HR 0.811.52, 95% CI 0.68
to 0.96) (figure 2). Mortality causes by cohort are detailed in
table 5.
When analysing the association of mortality in patients with

COPD and specific co-morbidities between the two cohorts,
mortality had decreased in patients with concomitant heart
failure (p¼0.002) or cancer (p¼0.003). These differences by
cohort were sustained even after adjustment, in a multivariate
model including heart failure or cancer, and both retained inde-
pendent statistical significance (cohort (p¼0.04, HR 1.5, 95% CI
1.07 to 2.1), heart failure (p¼0.002; HR 1.76, 95% CI 1.23 to
2.53)) and (cohort (p¼0.008, HR 1.6, 95% CI:1.13 to 2.29) and
malignancy (p¼0.01, HR 2.47, 95% CI 1.43 to 4.25)).
Overall, mortality was lower in the 2003e4 cohort than in the

1996e7 cohort (figure 3), even after adjusting for gender, age,
BMI, co-morbidities, lung function and mMRC, (p¼0.01,
HR 0.66 (95% CI 0.45 to 0.97)) (online supplement 1).

DISCUSSION
Our study concludes that survival in patients after hospital
discharge with a COPD exacerbation has significantly improved
in recent years, and that this improvement is probably due, at
least in part, to a better management of COPD and its associ-
ated co-morbidities.
COPD is significantly associated with co-morbidities, an

association that is even more common in hospitalised patients.19

In a previous study conducted by our group, patients with
a Charlson index of $3 were almost twice as likely to die during
follow-up than those with lower scores (p <0.005, HR 2.2, 95%
CI 1.26 to 3.84).11 In this study heart failure was the most
common chronic disease found, and it was also associated with
a lower survival rate. Although the current study shows no
difference in the distribution of co-morbidities by cohort, it may
be noted that the mortality of patients with COPD and heart
failure or cancer is lower in the more recent group of patients.
This finding is not surprising since the overall prognosis has

Table 1 Demographic and clinical variables by cohort

1996e7 2003e4 p Value

Age6SD 72.369.2 72.069.8 0.8

Men (%) 124 (92%) 172 (95%) 0.5

Smoking (%) 0.02

Current 23 (17%) 41 (23%)

Ex-smoker 96 (73%) 132 (75%)

Never-smoker 14 (10%) 3 (2%)

Married status (%) 102 (76%) 120
(75.5%)

1

Residential status (%) 0.6

Living alone 14
(10.4%)

19
(12.0%)

Living with family 118
(88.1%)

135
(84.9%)

Institutionalised 2 (1.5%) 5 (3.1%)

BMI6SD 26.364.9 27.965.0 0.006

Charlson index6SD 2.261.1 2.161.34 0.8

Yesavage index6SD 4.763.7 5.163.6 0.3

Functional status (Katz) 6SD 5.461.2 5.561.2 0.5

COPD in the previous 12 months

No. of hospitalisations* 1 (0e2) 1 (0e2) 0.2

ER visits* 0 (0e1) 0 (0e1) 0.8

Days of stay6SD 13.569.6 1065.6 0.0001

COPD hospitalisations in the next
12 months*

1 0e2 1 0e2 0.9

*Median (IQR; 25e75%).
BMI, body mass index; COPD, chronic obstructive pulmonary disease; ER, Emergency room.

Table 2 Respiratory-related variables, by cohort

1996e7 2003e4 p Value

FEV1 ml6SD 9896376 10546375 0.14

FEV1% predicted6SD 41.4613.0 45.1614.4 0.02

PaO2 on admission6SD 59.9617.8 62.7620.4 0.2

PaCO2 on admission 6SD 44.8612.6 42.3613.9 0.2

PaO2 at discharge 6SD 70615 63610 0.009

PaCO2 at discharge 4168 4269 0.2

Dyspnoea by mMRC6SD 2.461.3 2.861.2 0.03

Cor pulmonale (%) 44 (32.6%) 60 (33.5%) 0.5

Chronic oxygen therapy (%) 23 (17.4%) 32 (17.9%) 0.5

As described in the Methods section, spirometry was conducted at discharge in 1996e7,
and at baseline in 2003e4.
FEV1, forced expiratory volume in 1 s; mMRC, modified Medical Research Council scale.

Table 3 Distribution of selected co-morbidities, by cohort

1996e7 2003e4 p Value
n (%) n (%)

Ischaemic heart disease 20 (15) 33 (18) 0.4

Heart failure 43 (32) 46 (26) 0.3

Stroke 11 (8.3) 9 (5.1) 0.4

Diabetes mellitus 18 (13.5) 29 (16.4) 0.5

Kidney failure 6 (4.5) 8 (4.5) 1

Cancer 6 (4.5) 15 (8.5) 0.1

Liver cirrhosis 4 (3) 9 (5) 0.3

Charlson index6SD 2.2261.06 2.1961.34 0.84

Table 4 Treatment at discharge, by cohort

1996e7 2003e4 p Value
% %

Short-acting b2 agonists 97.6 78.5 0.0001

Long-acting b2 agonists 1.2 77.9 0.0001

Ipratropium bromide 89 58.1 0.0001

Tiotropium 0 33.1 0.0001

Inhaled corticosteroids 87.4 84.9 0.3

Chronic systemic corticosteroids 2.4 2.3 0.6

Statins 1.6 16.9 0.001

ACE inhibitors 27.6 27.3 0.5

Angiotensin II receptor antagonists 0 7.6 0.001

b-Blockers 1.6 5.8 0.057

Antiplatelet drugs 16.5 30.2 0.004
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improved for the most common malignancies.20 21 Similarly,
mortality in patients with heart failure has diminished, probably
linked to the use of ACE inhibitors, b-blockers, angiotensin
receptor inhibitors and statins, as presented elsewhere.22 Of
interest, several of these drugs have been associated with
improved survival in patients with COPD, suggesting a possible
direct benefit due to their anti-inflammatory effect.23 24 In our
study, patients of the second cohort were more likely to receive
treatment with statins, angiotensin II receptor antagonists or
antiplatelet drugs for their co-morbodities. It is reasonable to
hope that a more comprehensive approach to COPD together
with its co-morbidities may modify the natural course of the
disease.25

Until recently COPD was considered an irreversible disease.
Existing treatments were considered symptomatic and, apart
from oxygen therapy for patients with chronic respiratory
failure and smoking cessation, there were no interventions that
changed the natural history of the disease or increased survival.
This pessimistic view was reflected in the old therapeutic
guidelines for the management of COPD, which only recently
have changed, identifying a reduction of mortality as a goal and
priority.4 13 14

New clinical trials performed in outpatients already hinted at
a decrease in mortality of patients with COPD in recent years.
For example, the TORCH mortality trial used data derived from
the ISOLDE trial,26 conducted 10 years earlier, to calculate its
sample size, expecting a 3-year mortality of 17% in the placebo
group, a lethality that was higher than that finally observed.7

The TORCH trial as well as INSPIRE, OPTIMAL and
UPLIFT7e10 were initiated to assess the usefulness of different
respiratory drugs: long-acting b2 agonists, inhaled corticosteroids
and tiotropium. They obtained substantial reductions in exacer-
bations and hospitalisations, and improvements in quality of life;
all these variables are directly associated with mortality.11 27 28

However, except for INSPIRE, which showed an unexpectedly
significant decrease in mortality in the group randomised to
combined salmeterolefluticasone versus the group randomised to

tiotropium, all other trials to date have been unable to find
a statistically significant improvement in survival.9 Particularly in
TORCH, the only trial designed to evaluate a reduction in
mortality, the primary objective of mortality from all causes was
12.6% in the group treated with combined salmeterole
fluticasone versus 15.2% in the placebo group (p¼0.052).7 Simi-
larly, in the UPLIFTstudy, the mortality in the tiotropium group
was significantly reduced at 4 years (14.4% vs 16.3%; HR 0.87;
95% CI 0.76 to 0.99), although mortality at 4 years plus 30 days
did not reach statistical significance (HR 0.89; 95% CI 0.79 to
1.02).8 29

Any differences in mortality should be more easily observed in
patients discharged after a hospitalisation, given their worsened
prognosis. As mentioned above, patients with COPD have
benefited in recent years from the availability of new drugs, more
powerful and effective than older respiratory drugs. Again,
patients from the second cohort were more likely to receive
treatment with long-acting b2 agonists and tiotropium, while the
percentage of patients treated with inhaled corticoids was similar.
Some advantages and limitations of our study deserve

discussion. Advantages include being conducted in the same
hospital and by the same researchers, and the fact that clinically
and demographically the two cohorts are homogeneous and
comparable without matching by design. As mentioned above,
study design is observational, by comparing two prospective
cohorts. Comparisons of historical cohorts like ours are
frequently used in other medical disciplines, but to date they
have been scarcely used in respiratory research.30e32 The
intrinsic strengths and limitations of this specific study design
are discussed elsewhere, but we believe it is a major strength of
our study that, even without any artificial matching by design,

Figure 2 KaplaneMeier survival curves of participants, by cohort. Log
rank p value <0.01.

Table 5 Mortality causes, by cohort

1996e7 2003e4
n (%) n (%)

Respiratory disease 32 (50) 31 (44)

Cardiovascular disease 12 (19) 10 (14)

Cancer 4 (6) 9 (13)

Other 3 (5) 4 (6)

Unknown 13 (20) 16 (23)

H.R. And 95% C.I.

0 1 2 3 4 5

Cohort 2004

Age
60-70 yr
70-80 yr
80 + yr

Gender male)

BMI

<20
20-25
25-30

Charlson

One
two
three or more

mMRC

MRC 2
MRC 3
MRC 4

GOLD

GOLD 3
GOLD 4

Figure 3 Multivariate model (Cox regression) of risk of death by
covariates. Reference values are: cohort 1996, age 50e60 years,
female, BMI (body mass index) >30 kg/m2, no co-morbidities, dyspnoea
MRC 1 (Medical Research Council score) and GOLD (Global Initiative for
Chronic Obstructive Lung Disease) 2 severity.
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the baseline characteristics of our two cohorts obtained 7 years
apart are absolutely comparable (virtually identical) at discharge
from hospital. At any rate, all results are adjusted at the indi-
vidual level in the reported multivariate analyses. With current
knowledge, it might be considered unethical to randomise
patients to no treatment, either respiratory or non-respiratory,
and by using recently discharged instead of stable COPD as in
published clinical trials, the efficacy of these treatments appears
maximised. Concerning the limitations, we should underline
again that the spirometric data are not fully comparable, being
obtained on the last day of admission for patients in the 1996e7
cohort and a month later for the 2003e4 cohort. This was done
in the first cohort to minimise data loss during hospitalisation,
and we reported no relationship between mortality and FEV1,11

so procedures were changed for the 2003e4 cohort. Additionally,
later research indicated that outcomes after a COPD exacerba-
tion take weeks to return to baseline, or often never return to
previous levels, so spirometry 1 month after discharge became
our only protocol change.33 Moreover, the 6-minute walking test
was not conducted in the first cohort and we are unable to show
changes in the BODE index. A final limitation is the low number
of women in our study, related to local smoking history expo-
sure in our source population, although the frequency of women
hospitalised with COPD we obtained is similar to that found in
other studies in the same geographical area.34

In summary, our study identifies a significant mortality
reduction after hospital discharge in patients with COPD
nowadays, due in part to a better prognosis of heart failure and
cancer, but also probably related to an improvement in our
understanding and treatment of the disease. Our findings, if
confirmed by others, should contribute to the abandonment of
the unjustified nihilism that has accompanied COPD until
recent times.35
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