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ABSTRACT
Objective: This study aimed to assess the comorbidity profile, use of health care resources and med-
ical costs of patients with chronic obstructive pulmonary disease (COPD) treated at the hospital level
in Spain.
Methods: Admission records of patients with COPD and at least two admissions registered between
January 2016 and December 2020 were obtained from a Spanish hospital discharge database and ana-
lyzed in a retrospective multicenter study.
Results: 95,140 patients met the inclusion criteria; 69.1% were males with a median age of 75 years.
Mean Charlson comorbidity index (CCI) was 1.9 in the index admission, increasing to 2.1 during the
follow-up period. An acute exacerbation of COPD was registered in 93.6% of patients in the index
admission; other secondary diagnoses included respiratory failure (56.8%), essential hypertension
(36.9%), hypercholesterolemia (26.7%) and diabetes (26.3%). The age-adjusted incidence rate of COPD
was 22.6 per 10,000 persons over the study period, decreasing significantly in the year 2020. Mortality
rate was 4.1% for COPD patients, increasing to 6.6% in the year 2020. The year 2020, 191 patients reg-
istered a COVID-19 infection, with a mortality rate of 23.0%. Length of hospital stay, and intensive care
unit (ICU) stay increased in the follow-up period versus the index admission, similar to admission costs.
Mean admission cost was e3212 in the index admission, with cost increases being associated with
age, length of stay, ICU stay and CCI.
Conclusions: Patients’ condition worsened significantly over the follow-up period, in terms of comor-
bidity and dependence on respirator, with an increased mortality rate and higher admission costs.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a heter-
ogenous disease, characterized by a persistent airflow
obstruction and other symptoms that include chronic cough,
chest congestion and tiredness1. Although disease severity is
variable, these symptoms can critically affect patients’ quality
of life; in this direction, a group of patients surveyed in a
European cross-sectional observational study described vari-
able symptoms that had an impact on daily activities2. In
addition, acute infectious and non-infectious exacerbations
of the disease are associated with an accelerated decline in
lung function, morbidity and mortality3.

COPD is the third leading cause of death worldwide and
is a major cause of disability4. The prevalence of COPD varies
regionally and is highly dependent on air pollution and
tobacco use; in Spain prevalence of COPD was 9.1% in adults
in the year 1997, as estimated in the context of the IBERPOC
study5,6. This data was updated in the context of the
EPISCAN study in 2007, which found a prevalence of 14.6%,

and the EPISCAN II study, which defined a prevalence of
COPD of 11.8% in the population aged 40 years or older7,8.
The same study found a high rate of underdiagnosed COPD
cases in the Spanish population, which was the highest
(80.6%) in women aged 40 or older8. Mortality in patients
with COPD is frequently attributed to other causes, compli-
cating mortality rate estimations, and great variability has
been described between countries; nevertheless, data sug-
gest that mortality rates could increase globally as the global
population ages9.

In terms of diagnosis and treatment, specific guidelines
are issued by national and international expert groups
including recommendations for the diagnosis and manage-
ment of COPD; the Global Initiative for Chronic Obstructive
Lung Disease (GOLD), updated in 2019, included revised evi-
dence for pharmacological treatment recommendations,
reflecting a shift towards a more personalized approach10. At
the Spanish level, the Spanish COPD Guidelines (GesEPOC),
updated in 2021, recommendations include diagnosis, deter-
mination of risk level, initial and subsequent inhaled therapy
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and identification and management of treatable traits11. In
addition, a Spanish clinical practice consensus in internal
medicine was elaborated focusing on the treatment of stable
COPD and COPD with exacerbation in patients with multi-
morbidity12. Despite the availability of specific guidelines,
data suggest a low adherence to COPD management guide-
lines in Spain, a situation that could be associated with
increased healthcare costs13.

COPD represents a substantial economic burden globally,
with total costs that could increase with the aging of the
population14. For this reason, understanding the burden of
COPD is essential for an efficient management of the
disease.

The objective of this study was to analyze the characteris-
tics, use of health care resources and medical costs associ-
ated to a COPD cohort treated in Spanish hospitals with a
5-year follow-up period.

Methods

Study setting and data extraction

Admission records of patients with COPD and admitted in
Spanish hospitals between 1 Jan 2016 and 31 Dec 2020 were
analyzed in a retrospective cohort study. Records were
extracted from a Spanish National discharge database, which
covers 90% of hospitals in Spain and includes data from all
Spanish regions. All hospital admissions in which COPD was
registered as the admission motive were claimed by means
of the corresponding International Statistical Classification of
Diseases and Related Health Problems, 10th version (ICD-10)
codes: J40–J47.915. Information about prescription drugs was
obtained from a primary care registry, using the International
Classification of Primary Care, second edition (ICPC-2) code
corresponding to COPD: R9516.

Data codification, evaluation and confidentiality are the
responsibility of centers. The database is validated internally
and subjected to periodic audits, eliminating errors and unre-
liable data. All identifying parameters were re-coded to keep
patient data anonymous as stated in the principles of Good
Clinical Practice and the Declaration of Helsinki. This study
did not involve any human subjects and there was no identi-
fiable information. Thus, Spanish legislation does not require
ethics committee approval or patient consent17.

Study variables

The variables extracted from the hospital discharge database
were: patient’s age and sex, region of origin, date of admis-
sion, type of admission, ICU admission and time of stay, date
of discharge, type of discharge (including death), depart-
ment, primary diagnosis, up to 20 secondary diagnoses regis-
tered during the admission, medical procedures and total
admission cost. Data on prescription medication, extracted
from a primary care registry, was only available for the years
2017 and 2018.

Data analysis

Individual patients were identified using a re-coded patient
identifier, patients with only one admission during the study
period were excluded. The first admission per patient regis-
tered over the study period was considered the index admis-
sion; all subsequent admissions registered during the study
period were considered in the follow-up period.

Age-adjusted incidence rate corresponded to the annual
number of registered cases of COPD within the total popula-
tion. Mortality rate was calculated as the number of deaths
registered in patients with COPD within all patients treated
at the hospital level during the study period.

Direct medical costs of hospital care were obtained from
the database, where they are assigned to each admission file
according to the standardized average expenses of admis-
sions and medical procedures determined by the Spanish
Ministry of Health (including all expenses related to the
admission: examination, medication, surgery, diet, costs asso-
ciated to personnel, medical equipment and resources).
Direct medical costs were assigned to an admission depend-
ing on the diagnostic-related group assigned to the admis-
sion and include information from the billing system. Costs
were adjusted for inflation in Spain during the study period.

Normality was assessed with the Kolmogorov–Smirnov
test. The mean or median and interquartile range (IQR) were
estimated for continuous variables and frequencies and per-
centages are reported for dichotomous variables. Chi-squared
tests were used for the analysis of differences between cat-
egorical variables, Mann-Whitney U test or one-way analysis
of variance was conducted, where appropriate, and two-
sample Z-tests were also conducted to test for differences in
sample ratios, with p< .05 being considered statistically sig-
nificant. The association of secondary conditions to hospital
mortality was assessed using the odds ratio (OR) with 95%
confidence interval (CI), with the group of patients non-
deceased during the hospitalization as the reference group,
and the Spearman correlation test was used to test the cor-
relation between age, length of stay, Charlson’s comorbidity
index and medical costs. A general linear model was used to
adjust the age to calculate age-adjusted incidence rate.
Statistical analyses were performed using Microsoft Excel#
Professional Plus 2010 (Microsoft Corporation, Redmond, WA,
USA) and StataSE 12 for Windows (StataCorp LP. 2011. Stata
Statistical Software: Release 12. College Station, TX, USA).

Results

Patient characteristics

Files corresponding to 95,140 individual patients were
obtained from the database. Median age was 75 (interquar-
tile range [IQR]¼ 11) years and 69.1% of the patients were
males (Table 1). Patients were primarily obtained from cen-
ters located in the northwestern or central region of Spain.

Patient comorbidity profile was evaluated in the index
admission and in the admissions registered in the 5-year fol-
low-up period, summing 311,736 admissions over the study
period (Table 2). Mean Charlson’s comorbidity index (CCI)

336 J. DARBÀ AND M. ASCANIO



was 1.9 in the index admission, increasing to 2.1 during the
follow-up period (p< .0001) (Figure 1(a)). Most of the admis-
sions registered an acute exacerbation of COPD, including
infective exacerbation. The most frequent secondary diagno-
ses registered during the admission were a respiratory fail-
ure, essential hypertension, hypercholesterolemia, diabetes
mellitus, heart failure and hypertensive heart and kidney dis-
ease, all increasing in frequency over the study period except
for essential hypertension. Additionally, 20.0% of the patients
were smokers and 31.7% had a history of tobacco use on
the index admission. The proportion of patients requiring a
respirator (ventilator), supplemental oxygen or another ena-
bling device increased significantly over the study period
(p< .0001).

In addition, 191 patients registered COVID-19 as a second-
ary diagnosis of COPD. The mortality rate in this group was
23.0% (Table S1). Spearman correlation coefficients showed
that there was no statistically significant correlation between
age, length of stay, Charlson’s comorbidity index and medical
costs (Table S2).

Incidence and mortality

The age-adjusted incidence rate of COPD measured at the
hospital level was 22.6 per 10,000 inhabitants over the study
period. The incidence of COPD in Spanish hospitals
decreased significantly the year 2020 (p< .0001) (Figure 2(a)).

The overall in-hospital mortality rate associated to
patients with COPD in the database was 4.1%, increasing sig-
nificantly in the year 2020, to 6.6% (p< .0001) (Figure 2(b)).
The average mortality rate in this cohort increased signifi-
cantly in follow-up admissions versus the index admission,
increasing from 2.0% to 10.0% (p< .0001). In addition, the
mortality rate in patients admitted due to an acute exacerba-
tion of COPD was 11.4%.

Cause of death was not formally disclosed, but heart fail-
ure (OR, 95%CI ¼ 2.3282, 2.2373–2.4227), respiratory failure
(OR, 95%CI ¼ 3.4092, 3.2462–3.5805), kidney disease (OR,
95%CI ¼ 2.9013, 2.7882–3.0189), malignant neoplasm (OR,
95%CI ¼ 3.3399, 3.1907–3.4960) and pneumonia (OR, 95%CI
¼ 2.2702, 2.1740–2.3706) were associated with in-hospital
mortality.

Table 1. Patient baseline characteristics.
Total

Patients, N 95,140
Median age, years, (IQR) 75 (11)

0–17 years, N (%) 2946 (2.3)
18–44 years, N (%) 2560 (2.4)
45–64 years, N (%) 16,756 (17.8)
65–84 years, N (%) 55,800 (59.2)
�85 years, N (%) 17,078 (18.3)

Males, % 69.1
Region, % –

North-East 9.4
North-West 23.5
Central 28.9
South-East 21.6
South-West 11.8
Other 4.8

Abbreviation. IQR, interquartile range.

Table 2. Patient comorbidity profile in the index admission vs. the 5-year follow-up period.
Index admission 5-year follow-up p-valuea

Admissions, N 95,140 216,596 –
Mean CCI (SD) 1.9 (1.4) 2.1 (1.5) <.0001
Median CCI (IQR) 1 (2) 1 (2) –

CCI 1, N (%) 57,961 (60.9) 123,710 (57.1) <.0001
CCI 2, N (%) 7,117 (7.5) 16,011 (7.4) .3853
CCI 3, N (%) 19,185 (20.2) 47,198 (21.8) <.0001
CCI 4, N (%) 5039 (5.3) 12,782 (5.9) <.0001
CCI �5, N (%) 5838 (6.1) 112,035 (7.8) <.0001

Acute exacerbation of COPDb, % 93.6 93.1 <.0001
Dependence on respirator, supplemental oxygen and other enabling devices, % 23.4 37.8 <.0001
Current tobacco use, % 20.0 18.7 <.0001
History of tobacco use, % 31.7 34.1 <.0001
Secondary diagnoses, % (�5%) – – –

Diabetes mellitus 26.3 28.6 <.0001
Overweight and obesity 12.8 13.9 <.0001
Hypercholesterolemia 26.7 30.7 <.0001
Sleep apnea 11.6 13.6 <.0001
Essential hypertension 36.9 34.8 <.0001
Hypertensive heart and kidney disease 16.1 20.1 <.0001
Ischemic heart disease 13.0 14.3 <.0001
Atrial fibrillation and flutter 12.7 13.6 <.0001
Heart failure 17.4 19.6 <.0001
Respiratory failure 56.8 63.9 <.0001
Acute kidney failure and chronic kidney disease 15.9 16.6 <.0001
Anemia 10.8 13.1 <.0001
Disorders of fluid, electrolyte and acid-base balance 9.3 11.3 <.0001
Malignant neoplasm 8.1 9.1 <.0001
Disorders of thyroid gland 7.1 7.7 <.0001
Dementia 5.4 5.8 <.0001
Pulmonary heart disease 3.7 5.5 <.0001

Mortality rate, % 2.0 10.0 <.0001

Abbreviations. SD, standard deviation; IQR, interquartile range; CCI, Charlson’s comorbidity index. aindex admission vs. 5-year follow-up period; bIncluding infect-
ive exacerbation.
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Health care resource utilization and costs

Health care resource utilization was analyzed in the index
admission and in the follow-up period (Table 3). Mean length
of hospital stay was 7.5 days, increasing significantly during
the follow-up period (p< .0001) (Figure 1(b)). Only 2.0% of
admissions included a stay in an intensive care unit (ICU),
with a mean stay of 5.9 days, increasing too in the follow-up
period (p¼ 0.0232) (Figure 1(c)). Admissions were predomin-
antly registered in internal medicine and pneumology
departments.

The medical procedures registered during the admission
included the introduction of anti-infective and other thera-
peutic substances, the measurement of arterial saturation,
assisted ventilation and imaging diagnostic procedures. In
addition, prescription drugs were obtained from a primary
care database. The most frequently prescribed drugs were
antibacterial agents and inhalants for obstructive airway dis-
eases, theophylline was prescribed to 11.7% of patients
(Table 4). About 40% of patients were prescribed agents act-
ing on the renin-angiotensin system and antithrombotic
agents.

Figure 1. Cohort Charlson comorbidity index (a), length of hospital stay (b), mortality rate (c) and mean admission cost (d) in the index and subsequent admissions
with 95% confidence interval.

Figure 2. Age-adjusted incidence of COPD per 10,000 inhabitants (a) and in-hospital mortality rate (b) between 2016 and 2020 with 95% confidence interval.
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Mean admission cost increased significantly in the follow-
up period versus the index admission (p< .0001) (Figure
1(d)). Mean admission cost was e3212 in the index admis-
sion, e3415 during the follow-up period (Table 5). Age
(p< .0001), length of stay (p< .0001), ICU stay (p< .0001)
and CCI (p< .0001) were associated with medical costs. In
addition, mean admission cost in patients with a COVID-19
infection increased to e4973 (p< .0001).

Discussion

This retrospective study found that the age-adjusted inci-
dence rate of COPD was 22.6 per 10,000 persons over the

study period, with a mortality rate of 4.1%, increasing to
6.6% in the year 2020. In the year 2020, 191 patients regis-
tered a COVID-19 infection, with a mortality rate of 23.0%.
Length of hospital stay, and intensive care unit (ICU) stay
increased in the follow-up period versus the index admission,
similar to admission costs. Mean admission cost was e3212
in the index admission, with cost increases being associated
with age, length of stay, ICU stay and CCI.

The study included data from 95,140 patients with COPD
admitted in Spanish hospitals over a 5-year period, providing
data on patients’ condition and medical costs. Most patients
included in the study (59.2%) were aged 65 to 84 years, and
69.1% were males. Numerous comorbid conditions were
identified, with a mean CCI of 1.9. A previous cross-sectional
study evaluating the clinical characteristics of patients newly
diagnosed with COPD in the region of Catalonia described a
highly comorbid population18. In addition, patients’ overall
condition worsened significantly in this study during the fol-
low-up period, as reflected in the increased CCI and the fre-
quency of diagnoses.

Age-adjusted incidence of COPD at the hospital level was
22.6 per 10,000 persons over the study period, decreasing
significantly in the year 2020. A study analyzing COPD exac-
erbations via a survey developed in a Spanish hospital dur-
ing the 2020 lockdown found a strong reduction in COPD
exacerbations during that period, presumably due to a pro-
tective effect against viral and bacterial infections, and air
pollutants, provided by self-protective and general meas-
ures19. On the other hand, the in-hospital mortality rate
increased significantly in the year 2020, when considering all
patients in the hospital discharge database. Further studies
will be required to analyze the reasons behind this increase,
which could be related to changes in management protocols
due to the COVID-19 pandemic. Risk factors for mortality in
the COPD cohort included heart failure, respiratory failure,
kidney disease, malignant neoplasm, and pneumonia, as well
as an acute exacerbation of COPD. In addition, patients with

Table 3. Health care resource utilization in the index admission vs. the 5-year follow-up period.
Index admission 5-year follow-up p-valuea

Admissions, N 95,140 216,596 –
Mean length of stay, days (SD) 7.5 (7.1) 8.1 (7.9) <0.0001
Median length of stay, days (IQR) 6 (5) 6 (6) –
ICU admissions, % 2.0 2.0 0.5542
Mean ICU stay, days (SD) 5.9 (9.6) 6.5 (10.6) 0.0232
Median ICU stay, days (IQR) 3 (5) 4 (5) –
Department at discharge, % – – –

Internal medicine 43.6 42.4 <0.0001
Pneumology 40.8 44.1 <0.0001
Other 15.5 13.5 <0.0001

Medical procedures, % (�5%) – – –
Introduction of anti-infective substance 30.7 34.3 <0.0001
Introduction of anti-inflammatory 19.0 22.4 <0.0001
Introduction of other therapeutic substance 32.4 35.2 <0.0001
Measurement of cardiac electric activity 13.0 13.8 <0.0001
Measurement of arterial saturation 15.5 17.6 <0.0001
Introduction of gas into respiratory tract 18.5 22.6 <0.0001
Assistance with respiratory ventilation 5.7 8.0 <0.0001
Radiography of chest 23.2 25.3 <0.0001
Computerized tomography and ultrasonography, chest and abdomen 5.4 4.8 <0.0001
Ultrasonography of the heart 5.3 4.6 <0.0001

Abbreviations. ICU, Intensive care unit; SD, standard deviation; IQR, interquartile range. aindex admission vs. 5-year follow-up period.

Table 4. Prescription medication registered in primary care settings (2017–
2018).
Prescription drugs Patients with

medication, %

Antithrombotic agents 37.1
Antihypertensive drugs, b2-adrenergic agonists 3.1
Beta blocking agents 16.3
Agents acting on the renin-angiotensin system 42.0
Systemic corticosteroids 20.4
Antibacterial drugs 50.8
Anti-inflammatory and antirheumatic drugs 27.1
Opioids 23.8
Drugs for obstructive airway diseases, adrenergics, inhalants 58.0
Other inhalants for drugs for obstructive airway diseases 40.0
Xanthines, theophylline 11.7

Table 5. Direct medical costs in the index admission vs. the 5-year follow-up
period.

Index
admission

5-year
follow-up

p-valuea

Mean admission cost, e (SD) 3212 (2610) 3414.8 (3710) <0.0001
Admissions �6 days 2963 (737) 3091 (1000) <0.0001
Admissions >6 days 3505 (3746) 3748 (5162) <0.0001
Mean cost ICU admissions, e (SD) 8214 (15,028) 11,564 (21,723) <0.0001
Admissions �4 days 5433 (9440) 7219 (13,634) <0.0001
Admissions >4 days 12,377 (20,050) 17,587 (28,391) 0.0001

ICU: Intensive care unit; SD: standard deviation. aindex admission vs. 5-year
follow-up period.
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COVID-19 admitted the year 2020 displayed an increased
mortality rate, reaching 23.0%.

The increasing comorbidity found in the follow-up period
correlated with lengthier hospital stays. The most frequent
medical procedures registered during the admission were
the introduction of anti-infective and other therapeutic sub-
stances. Assisted ventilation was only registered in 8.0% of
follow-up admissions.

Pharmacological interventions for COPD are generally
focused on inhaled therapies to reduce exacerbation risk;
these include bronchodilator therapy with a long-acting mus-
carinic antagonist (LAMA) or long-acting b2-agonist (LABA),
and inhaled corticosteroids10,20. Guidelines recommend using
combinations of these treatments to patients with persistent
symptoms or exacerbations10. Data obtained from primary
care showed a high portion of patients with prescribed anti-
bacterial drugs, as well as adrenergics and other inhalants.

Direct medical costs were evaluated at the hospital level,
with a mean admission cost of e3212, increasing in patients’
follow-up period and by the length of hospital stay. Annual
direct medical costs per patient in Europe ranked from
e1906 ($1889) in Spain to e11,893 ($11,787) in Norway in a
systematic review, however, data corresponding to Spain
was obtained from a single region21,22. In another Spanish
study, including patients with COPD and concomitant bron-
chiectasis, hospital admission costs were e3813 for males
and e3769 for females between 2012 and 201423. Data
obtained in the present study would suggest a decreasing
trend in hospital admission costs in Spain.

In addition, data gathered the year 2020 showed a signifi-
cant increase in medical costs in patients with a concomitant
COVID-19 infection.

A new study analyzed the impact of COVID-19 in the
diagnosis and treatment of COPD during the pandemic24.
This study assessed the experience of 279 pulmonologists
and the results showed that the diagnostic test was reduced
by a 68.1%, and there was a lower adherence to treatment.
Another important point was that the election of treatment
was based on the device ease of use, to increase adherence.
In addition, as expected, the number of remote visits
increased.

Other interesting publications have assessed the sex dif-
ferences in COVID-19 hospitalizations and mortality in
patients with COPD25. This study found that the in-hospital
mortality was higher in women with COPD but has no effects
on men with COPD. On the other hand, men with COPD
with COVID-19 had a 25% higher risk of dying in the hospital
than women.

Regarding costs, a study published in 2017 has assessed
the mortality predictive power of BODE (body mass index,
obstruction, dyspnea, and exercise performance) by adding
total health care cost related to exacerbations or hospitaliza-
tions to the BODE index26. This study yielded two key find-
ings; it showed that adding the number of exacerbations
and hospitalizations to the BODE index improves the ability
to predict mortality over three years of follow-up and found
that this updated BODE index (PRO-BODE) also allows to pro-
ject the future healthcare costs.

A series of limitations have influenced the results of this
study. A possible misclassification bias in the database must
be considered. Additionally, the study is centered in patients
requiring hospital care, and results are not generalizable to
the entire COPD population.

Conclusions

Patients’ overall condition worsened significantly during the
follow-up period, which correlated with an increased mortal-
ity rate and major direct medical costs. Further research will
be required to evaluate the total burden of COPD in Spain,
considering indirect and societal costs.
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