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Background and objective: Several diseases commonly co-exist with chronic obstructive 

pulmonary disease (COPD), especially in elderly patients. This study aimed to investigate 

whether there is an association between COPD severity and the frequency of comorbidities in 

stable COPD patients.

Patients and methods: In this multicenter, cross-sectional study, patients with spirometric 

diagnosis of COPD attended to by internal medicine departments throughout Spain were con-

secutively recruited by 225 internal medicine specialists. The severity of airflow obstruction 

was graded using the Global Initiative for Chronic Obstructive Lung Disease (GOLD) and data 

on demographics, smoking history, comorbidities, and dyspnea were collected. The Charlson 

comorbidity score was calculated.

Results: Eight hundred and sixty-six patients were analyzed: male 93%, mean age 69.8 (standard 

deviation [SD] 9.7) years and forced vital capacity in 1 second 42.1 (SD 17.7)%. Even, the mean 

(SD) Charlson score was 2.2 (2.2) for stage I, 2.3 (1.5) for stage II, 2.5 (1.6) for stage III, and 2.7 

(1.8) for stage IV (P=0.013 between stage I and IV groups), independent predictors of Charlson 

score in the multivariate analysis were age, smoking history (pack-years), the hemoglobin level, 

and dyspnea, but not GOLD stage.

Conclusion: COPD patients attended to in internal medicine departments show high scores of 

comorbidity. However, GOLD stage was not an independent predictor of comorbidity.
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Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by an abnormal 

inflammatory response of the lungs to noxious particles or gases.1 In recent years, 

increasing attention has been paid to “systemic inflammation” that is often associated 

with COPD.2–5 At the same time there has been a growing recognition that comor-

bidities such as cardiovascular disease,6–8 metabolic syndrome,9 cachexia,10 anemia,11 

osteoporosis,12 or depression13 may be present in a greater proportion of patients 

with COPD than in the general population.14–16 Comorbidities have been reported 

to have a negative impact on prognosis and survival.17–19 A publication describes a 

systemic phenotype in patients with milder airway obstruction, but higher proportion 

of obesity, cardiovascular disorders, diabetes mellitus, and systemic inflammation.20 

This group had more admissions due to cardiovascular disease (hazard ratio [HR] 

2.87, P=0.01).

Cigarette smoking is a common risk factor for some of these comorbidities. 

However, it has been found that, independently of exposure, for every 10% decrease 
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in forced vital capacity in 1 second (FEV
1
), overall mortality 

increased 14%, cardiovascular mortality by 28%, and coro-

nary complications by at least 20%.21 These findings would 

suggest that COPD airflow severity could be related to the 

presence of comorbidities.

Many of the studies of comorbidity in patients with COPD 

come from population databases6,18 or cohorts from respiratory 

medicine departments,22–24 even though patients with COPD and 

other comorbid conditions are currently attended to by other 

departments such as internal medicine25 or cardiology.26 Indeed, 

the fact that patients are attended to by the respiratory medicine 

department rather than referred to other departments may actu-

ally select patients with less severe comorbid conditions.27

In the ECLIPSE study, the comorbidities were more 

prevalent in COPD patients than in controls and occurred 

to the same extent irrespective of the Global Initiative for 

Chronic Obstructive Lung Disease (GOLD) stage,15 and the 

comorbidities worsened the prognosis and increased the 

mortality.16 The patients were recruited from respiratory 

medicine departments and evaluation of comorbidities was 

not the main objective of the study.

We hypothesized that there is an association between 

COPD airflow severity and comorbidity, in such a way that 

to major COPD airflow limitation, major prevalence of 

comorbidity.

The aims of this study were: 1) to determine the preva-

lence of comorbid conditions in a large cohort of outpatients 

with COPD attended to by internal medicine departments, 

and 2) to investigate whether the comorbidity is related to 

disease severity.

Patients and methods
In this observational, cross-sectional multicenter study, 

patients were enrolled consecutively by 225 internal medicine 

specialists throughout Spain in an outpatient setting. Patients 

with COPD diagnosed by spirometry at least 6 months earlier 

were eligible for inclusion. Subjects must have a smoking his-

tory of $10 pack-years. Each specialist aimed to enroll five 

outpatients with a distribution of COPD severity according to 

the degree of airflow obstruction by GOLD criteria1 as follows: 

one patient with stage I (mild) disease (FEV
1
 $80%) or 

stage II (moderate) disease (50%# FEV
1
 ,80%), two patients 

with stage III (severe) disease (30%# FEV
1
 ,50%), and two 

patients with stage IV (very severe) disease (FEV
1
 ,30% or 

FEV
1
 ,50% with chronic respiratory failure). This distribu-

tion was selected to help ensure compliance with the sample 

size calculation (see below).

All patients were free from an exacerbation of COPD 

requiring treatment with corticosteroids or antibiotics in the 

4 weeks prior to inclusion.

Strict confidentiality was maintained and all data were 

analyzed anonymously. All patients signed an informed con-

sent, which included permission to use the data collected to 

be used in the study. The relevant ethics committee approved 

the study.

Variables
For eligible patients, demographic data including smoking 

habit and data on COPD were collected. Comorbidities were 

recorded in two different ways, as a predetermined list of 

24 diseases (Supplementary material) and as a predefined 

list of diseases used to calculate the Charlson index (both 

unadjusted and age-adjusted).25 We considered Charlson 

score of 0–1 as absence of comorbidity, 2 as low comorbid-

ity and $3 as high comorbidity. Anemia was defined as 

hemoglobin under 13 g/dL in men and 12 g/dL in women. In 

addition, dyspnea was assessed using the Medical Research 

Council dyspnea scale. All COPD treatment and other con-

comitant medications were recorded.

sample size
For comparison of GOLD stage I/II with stage IV, a differ-

ence on the Charlson scale of two points was considered 

relevant. For comparison of stage III and stage IV disease, 

a one point difference was considered relevant. This would 

require 200 patients with stage I or II disease, 400 with 

stage III disease, and 400 with stage IV disease to give mutu-

ally exclusive two-sided 95% confidence intervals (CIs) for 

these levels with an error of precision less than 0.3.

statistical analysis
Descriptive statistics were calculated for all variables. For 

comparison of independent data between more than two 

groups (four COPD stages or between different smoking 

habits), an analysis of variance (ANOVA) was performed for 

quantitative variables and the Mantel–Haenszel test for quali-

tative ones. For comparison of independent data between two 

groups the Student’s t-test was used for quantitative variables 

and the χ2 test for qualitative ones.

The association between study variables and the Charlson 

score was further examined by undertaking a multiple linear 

regression analysis. Study variables with a Pearson correla-

tion coefficient with a Charlson score of greater than 0.1 were 

included as independent variables.
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Table 1 Demographic characteristics

GOLD stage Stage I 
N=43

Stage II 
N=167

Stage III 
N=362

Stage IV 
N=294

Total 
N=866

sexb male (%) 38 (88.4) 136 (81.4) 328 (90.6) 256 (87.1) 758 (87.5)
age, years (sD)b 65.9 (10.2) 68.0 (10.9) 70.1 (9.4) 70.9 (9.01) 69.8 (9.7)
BMI, kg/m2 28.0 (4.3) 27.0 (4.2) 28.0 (4.8) 27.0 (4.6) 27.5 (4.6)
smoking statusb

 ex-smoker 29 (67.4%) 119 (71.3%) 287 (79.2%) 238 (80.9%) 673 (77.8%)
 smoker 14 (32.6%) 48 (28.7%) 75 (20.8%) 56 (19.1%) 193 (22.2%)
Pack-years (interquartile range)a,c 30.0 (22.5/45.0) 36.0 (20.0/51.0) 40.5 (28.4/60.0) 48.0 (31.3/67.5) 41.3 (30.0/60.0)
Dyspnea (MrC)c 1.0 (0.7) 1.2 (0.9) 2.3 (0.9) 3.2 (0.9) 2.3 (1.2)
FeV1, % predictedc 85.2 (5.7) 63.7 (8.7) 40.4 (5.9) 25.6 (4.1) 42.1 (17.7)
saO2, %

c 92.6 (4.0) 91.3 (7.3) 89.6 (6.6) 85.9 (8.8) 89.1 (7.8)
no of days in hospital for any cause during  
previous 12 months (interquartile range)a,b

8.0 (7.0/16.0) 12.0 (8.0/24.0) 12.5 (8.0/26.0) 20.0 (10.0/37.0) 15.0 (8.0/29.0)

Notes: Quantitative data presented as mean (sD) unless otherwise stated. aMedian (interquartile range); bsignificant group differences (P,0.05); csignificant group differences 
(P,0.001).
Abbreviations: BMI, body mass index; FeV1, forced vital capacity in 1 second; gOlD, global Initiative for Chronic Obstructive lung Disease; MrC, Medical research 
Council; sD, standard deviation.

All statistical tests were two-tailed and significance was 

set at 5%. They were performed using the SAS statistical 

package, version 8.2 (SAS Institute Inc., Cary, NC, USA).

Results
Nine hundred and seventy-seven patients were included, but 

eventually 111 (11%) who did not meet the criteria of smok-

ing more than ten packs per year, post bronchodilator FEV
1
/

FVC less than 70%, and present value of the Charlson index 

were excluded from the analysis. In total, 866 patients were 

included in the study.

The demographic characteristics of the patients included 

in the study are summarized in Table 1. There was a statisti-

cally significant greater proportion of men, older age, and 

greater cigarette consumption measured in pack-years with 

increasing disease severity. No differences were found in 

body mass index in the different groups of COPD severity. 

This was a population of patients with a relatively high hos-

pitalization rate the preceding year, and this rate increased 

significantly with COPD severity.

Univariate analysis
The mean (standard deviation) unadjusted and age-adjusted 

Charlson score was 2.5 (1.7) and 5.0 (2.0), respectively, for 

the overall sample. The score increased significantly with 

increasing disease severity (Table 2). Charlson scores were 

significantly different on analysis by the presence or absence 

of respiratory failure (SaO
2
 ,90%) (2.7 [1.8] versus 2.4 

[1.6], P=0.003).

The most common comorbidity across all groups of 

COPD severity was arterial hypertension (57.1% of the 

sample) followed by hypercholesterolemia (33.3%) and dia-

betes mellitus (31.1%). An overview of the most frequently 

reported metabolic and cardiovascular comorbidities is given 

in Table 3. Conditions that show an association with COPD 

airflow limitation severity were hypercholesterolemia, dia-

betes mellitus, heart failure, and atrial fibrillation.

Other frequently reported comorbidities like cataracts 

(21.1% of the sample), arthrosis (19.3%), anxiety (14.3%), 

and depression (11.1%) did not show an association with 

COPD severity.

Obstructive sleep apnea was reported in 10.6% of the 

overall sample, with no significant differences according to 

GOLD stage: (P=0.64): 5% in GOLD I, 11.7% in GOLD II, 

10.9% in GOLD III, and 9.8% in GOLD IV.

Anemia was reported in 26% of the overall sample but 

no significant association was found between COPD sever-

ity and presence of anemia (P=0.07). However, anemia 

was more prevalent in patients with greater comorbidity as 

measured by the Charlson index (P,0.001) (Table 4). When 

patients with renal failure, digestive disease, hepatic disease 

and cancer were excluded, the prevalence was 21.6%.

Cancer was reported in 92/866 patients (10.6%) in the 

overall sample, with no significant differences according to 

GOLD stage. The body system most frequently affected was 

the respiratory system, accounting for 17 of the 92 patients 

with malignancies (18.5%). All 17 of these patients with lung 

cancer belonged to GOLD stage III or IV.

Pneumonia in the previous 12 months increased sig-

nif icantly according to GOLD stage (P=0.02): 7% in 

GOLD I, 7.8% in GOLD II, 11.6% in GOLD III, and 17.0% in 

GOLD IV. These effects were also observed when  excluding 
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Table 3 Metabolic and cardiovascular comorbidities according to COPD severity

Disease Stage I 
N=43

Stage II 
N=167

Stage III 
N=362

Stage IV 
N=294

Total 
N=866

hypertension 34 (79.1%) 90 (53.9%) 200 (55.2%) 171 (58.2%) 495 (57.1%)
hypercholesterolemiaa 24 (55.8%) 63 (37.7%) 111 (30.6%) 90 (30.6%) 288 (33.2%)
Diabetesa 6 (13.9%) 42 (25.1%) 122 (33.7%) 100 (34.0%) 270 (31.2%)
heart failurea 5 (11.6%) 22 (13.2%) 86 (23.7%) 86 (29.2%) 199 (23.0%)
Atrial fibrillationa 2 (4.6%) 22 (13.2%) 68 (18.7%) 73 (24.8%) 165 (19.0%)
Peripheral vascular disease 6 (13.9%) 22 (13.2%) 68 (18.8%) 54 (18.3%) 150 (17.3%)
Ischemic heart disease 10 (23.3%) 17 (10.2%) 68 (18.8%) 47 (15.9) 142 (16.4%)

Note: aSignificant group differences (P,0.05) according to Mantel–haenszel test.
Abbreviation: COPD, chronic obstructive pulmonary disease.

Table 2 Charlson index according to COPD severity

Stage I 
N=43

Stage II 
N=167

Stage III 
N=362

Stage IV 
N=294

Total 
N=866

Charlson scorea 2.2 (2.2) 2.3 (1.5) 2.5 (1.6) 2.7 (1.8) 2.5 (1.7)
Comorbidity according to Charlson score
 no (score #1)a 21 (46.5%) 74 (44.4%) 115 (31.8%) 93 (31.5%) 303 (35.0%)

 Mild (score =2) 14 (34.9%) 40 (23.9%) 107 (30.1%) 66 (22.5%) 227 (26.2%)

 high (score $3)a 8 (18.6%) 53 (31.7%) 140 (38.1%) 135 (46%) 336 (38.8%)

Note: aSignificant group differences (P,0.05) according to Mantel–haenszel test.
Abbreviation: COPD, chronic obstructive pulmonary disease.

the patients who were receiving regular treatment with 

inhaled corticosteroids (P,0.001): 5% in GOLD I, 5.6% in 

GOLD II, 11.6% in GOLD III, and 18.6% in GOLD IV.

Multivariate analysis
To clarify whether severity of airflow obstruction  (measured 

by GOLD stage) and comorbidity (measured by the Charlson 

index) were independently related, a multivariate regres-

sion analysis (Table 5) was performed. Variables with a 

Pearson correlation coefficient greater than ±0.1 that did 

not show multicollinearity (COPD severity, age, pack-years, 

hemoglobin levels, and presence of dyspnea according to 

the Medical Research Council definition) and the  Charlson 

score as the dependent variable were included in the analysis. 

COPD severity was not significantly associated with Charlson 

score (P=0.13) although a significant association remained 

for age (P,0.001), pack-years (P=0.03), hemoglobin level 

(P,0.001), and dyspnea (P=0.04). The coefficient of deter-

mination (R2) was 0.11.

Discussion
In this study, we investigated the relationship between comor-

bidities and COPD airflow limitation severity as determined 

by GOLD staging in patients attended to consecutively as 

outpatients by internal medicine departments. We found that 

COPD patients frequently suffer from comorbid conditions 

although the frequency of these comorbidities according to 

Charlson index, were not directly related to COPD severity. 

Age, anemia, pack-years of smoking, and dyspnea were 

indeed independently associated with comorbidity.

Comparisons between epidemiological studies of comor-

bidities in COPD face a number of difficulties. For example, 

retrospective population studies of mortality from hospital 

records or death certificates may underestimate the contribu-

tion of COPD because it is not always recorded as a comorbid 

condition when it is present. To reduce underdiagnosis of 

comorbidities the data were collected from medical history 

and after a prospective interview with the patient. Likewise, 

a universal definition of COPD has not always been applied, 

although the use of GOLD criteria based on spirometry 

is now becoming widespread and is considered the “gold 

standard”.1 An important aspect of our study was that only 

patients with COPD confirmed by spirometry were included 

in the sample. In addition, unlike previous studies, our study 

includes patients with all the stages of severity, from mild 

to very severe.

In a study investigating the value of the 6 minute walk 

distance for predicting mortality, Pinto-Plata et al22 recruited 

patients with COPD (mean FEV
1
, 1.04 [0.39], comparable 

to stage III patients in our study) from pulmonary depart-

ments of two hospitals. The authors reported an age-adjusted 

Charlson score of 4.29 for patients who survived until the 

end of follow-up, and 4.14 and 4.19 for those who survived 

for one and two assessments, respectively. These values are 
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Table 4 anemia according to Charlson index (ChI)

Anemia No  
comorbidity:  
ChI #1

Low  
comorbidity:  
ChI =2

High  
comorbidity:  
ChI $3

P-value

n 282 221 334
no 
Yes

247 (87.5%) 
35 (12.5%)

169 (76.4%) 
52 (23.6%)

203 (60.7%) 
131 (39.2%)

,0.001

Table 5 Multiple linear regression analysis with the Charlson 
score as the dependent variable and including variables with a 
Pearson correlation coefficient greater than ±0.1

Variable Parameter  
estimate

Standard  
error

t value P-value.|t|

COPD severity 0.11329 0.07509 1.51 0.1318
age 0.02922 0.00660 4.43 ,0.0001
Pack-years 0.00519 0.00238 2.17 0.0300
Dyspnea 0.60459 0.29706 2.04 0.0422
hemoglobin -0.01746 0.00323 -5.41 ,0.0001

Abbreviation: COPD, chronic obstructive pulmonary disease.

somewhat lower than the ones reported in our study (5.0 [2.0] 

for patients with stage III disease). Another prospective study 

investigating the effect of sex on the clinical expression of 

COPD patients (mostly with stage II [47%] or stage III [45%] 

disease) seen in a pulmonary clinic reported an age-adjusted 

Charlson score of 4 for men and 2 for women,23 whereas our 

mean age-adjusted Charlson scores were 5.1 (for men) and 

4.6 (for women). In another study of mortality in COPD 

patients, Marti et al24 retrospectively reviewed the records 

of patients receiving long-term oxygen therapy (mean age, 

69 years; FEV
1
, 25%). Even though comorbidity measured 

by the Charlson score was a predictor of all-cause mortal-

ity, the percentage of patients in that study with a Charlson 

score $2 was only 14% compared to 66% in our study.

Notwithstanding the difficulties of comparison, these 

studies would seem to suggest that in patients where the focus 

is on the respiratory aspect of their disease, the Charlson 

score is lower than when patients are treated by internal 

medicine specialists.

On the other hand, studies with prospective data collection 

are susceptible to selection bias. Clearly patients with stable 

disease recruited in a primary care day clinic are likely to 

be less ill than hospitalized patients suffering from a COPD 

exacerbation. Likewise, it might be expected that patients 

attended to by internal medicine departments would be more 

likely to suffer from comorbidities than those attended to by 

pulmonology departments.

For a meaningful discussion on selection biases result-

ing from patients attended to by pulmonology departments 

or internal medicine departments, data would be needed on 

the profile of patients admitted to one type of department or 

the other. The only study we could find on the subject was 

performed in 32 hospitals in Andalusia, Spain.25 The investi-

gators examined the hospital records of patients hospitalized 

for COPD exacerbations and found that 57% of the patients 

with a diagnosis of COPD were admitted to internal medicine 

departments, 31% to pulmonology departments, and 12% 

to other services. They found that women, older patients, 

patients with diabetes mellitus, heart failure, ischemic heart 

disease, and supraventricular arrhythmia were more likely to 

be admitted to internal medicine departments while active or 

former smokers, patients with pneumonia, and sleep disorders 

were more likely to be admitted to pulmonology departments. 

The study by San Román-Terán et al25 would therefore sug-

gest that, in the case of exacerbations at least, patients with 

prominent comorbidity are less likely to be admitted to pul-

monology departments. The fact that the Charlson score in 

our study was higher than scores reported for samples drawn 

from pulmonology departments and the generally higher age 

of our patients would support this finding.

Agusti et al have recently published a study that came to 

the same conclusions than our work: comorbidities occurred 

to the same extent irrespective of the GOLD stage.15 In fact 

in our study, the univariate analysis Charlson score increased 

significantly with increasing disease severity (Table 2), but 

in the multivariate regression analysis, COPD severity was 

not significantly associated with Charlson score (Table 5). 

Both studies have important methodological differences 

between them. In our study unlike theirs, the measurement 

of comorbidities in relation to the severity of COPD was 

the main objective, comorbidities were recorded as a pre-

determined list of 24 diseases (Supplementary material) 

and as a predefined list of diseases used to calculate the 

Charlson index, participating investigators had full access 

to the patients’ medical records and patients were recruited 

from internal medicine departments. For example, in rela-

tion with this latest point, in Agusti’s study the prevalence 

of diabetes mellitus was 10% and heart failure 7%, versus 

31% and 23% in ours.

On examination by individual comorbid conditions, 

arterial hypertension was found to be the most common 

comorbidity, followed by hypercholesterolemia and diabetes 

mellitus – all risk factors for heart disease. This would fit 

with a number of other studies that have underlined the high 

prevalence of concurrent cardiovascular disease and risk 

factors in patients with COPD, regardless of how the study 

sample was drawn.6–8,14,19,21,28 In our study, although arterial 
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hypertension itself did not appear to be associated with more 

advanced disease, the prevalence of hypercholesterolemia, 

diabetes mellitus, heart failure, and atrial fibrillation were all 

associated with GOLD stage.

Another important comorbidity in patients with COPD 

is sleep apnea syndrome, because although its prevalence is 

similar as in the general population, the consequences are 

worse in patients with COPD. The prevalence of symptomatic 

sleep apnea syndrome in the general population is estimated 

at about 6%, but increases with age. In our sample, 10.6% of 

patients with COPD presented a syndrome of associated sleep 

apnea, and the frequency did not increase with the severity 

of COPD. This last point, as far as we know, has not been 

studied previously.29,30

We found an increased risk of pneumonia according to 

COPD severity, and this effect was also seen in patients who 

have not been using inhaled corticosteroids. This is in line 

with a recently published study,31 which found an increased 

risk of hospitalization due to pneumonia in patients with 

GOLD stage II disease (HR: 2.25 [95% CI: 1.35–3.75]) and 

GOLD stage III–IV disease (HR: 5.65 [95% CI: 3.29–9.67]), 

and with a post hoc analysis of the TORCH study32 which 

found an increased risk of pneumonia in patients with 

FEV
1
 ,50% predicted.

Another point of particular interest is the fact that all 

patients with lung cancer had severe or very severe COPD. 

This supports the fact that the presence of COPD is a risk 

factor for lung cancer among smokers.33

In any epidemiological study, it is very hard to determine 

cause and effect. There was a clear increase in the Charlson 

score with increasing disease severity. The differences 

between groups were significant, but when a multivariate 

analysis was undertaken with Charlson score as the dependent 

variable, COPD severity was not independently associated 

with Charlson score, whereas age, pack-years, hemoglobin, 

and dyspnea were. This would be consistent with the idea that 

while FEV
1
 is important for staging the disease itself, other 

factors are significant for determining disease prognosis.34

We used the Charlson index as most of the studies, up to 

now. A recent publication proposes a new index, the COPD 

specific comorbidity test (COTE), it was constructed based 

on the comorbidities that increase mortality risk using a mul-

tivariate analysis. It is another tool that helps assess mortality 

risk in patients with COPD.35

This study has the limitation that the Charlson index 

quantifies the degree of comorbidity, but leaves out important 

comorbidities. Possibly the best approach would be individu-

alized analysis, which is beyond the ambit of the study.

In conclusion, although the importance of comorbidities 

in COPD patients has been previously stressed in selected 

respiratory cohorts, we have found that, in a real-life 

population followed in an internal medicine out-patient 

clinic, these comorbidities are not directly determined by 

the severity of COPD, but by other independent prognostic 

factors such as pack-years, dyspnea, hemoglobin, and age. 

These findings, together with the variety of treatments 

associated with each comorbid condition, should be taken 

carefully into account when approaching the treatment of 

a COPD patient.
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13. Liver disease

14. Arterial hypertension

15. Hypercholesterolemia

16. Diabetes mellitus

17. Fractures

18. Osteoporosis

19. Arthrosis

20. Cancer

21. Anxiety

22. Depression

23. Kidney disease

24. Anemia

 1. Cataract

 2. Glaucoma

 3. Ischemic heart disease

 4. Heart failure

 5. Atrial fibrillation

 6. Other arrhythmias

 7. Stroke

 8. Dementia

 9. Peripheral vascular disease

10. Pneumonia

11. Sleep apnea syndrome

12. Peptic ulcer disease
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